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EXECUTIVE SUMMARY

The procedures used by Metropolitan Planning Omgdians (MPOs) for travel forecasting
include both—

— The general methodology applied for an elemenheffour-step, or similar, process
(e.g., trip distribution using a gravity model)

— The details of the application of the methodologyg(, gravity model is doubly
constrained for home-based work [HBW] trips)

This report is descriptive. A web-based survey oferthan 200 MPOs and in-depth
interviews with a smaller sample of MPOs providatbdhat characterize and describe both the
general methodology and many, but not all, of thiaits of methodology application. In this
sense, the information presented documents the aitéthe practice. What the surveys and
interviews could not do is reveal whether or nettodels produce accurate forecasts. MPOs do
not have systematic procedures to assess the degmxch either the forecasts of exogenous
variables driving the travel forecasting modelg.(gopulation, employment, household size and
composition, auto ownership) or the resulting fasts of travel demand are accurate or
inaccurate. Most agencies reported general saisfewith their forecasting procedures and the
ability of the MPO to use the models to addresqtiestions being asked by their constituent
jurisdictions. A few MPOs are undertaking effoxisdievelop or apply new methods to address a
range of issues, including congestion, peak spngadind freight movement.

In terms of the general procedures used for trdeeiand forecasting, the findings are as
follows:

» The great majority of MPOs are using trip-basedr{step travel-forecasting procedures.

* Afew MPOs are using activity- or tour-based methddany MPOs omit the mode
choice step in travel forecasting. Some MPOs daisettravel forecasting.

» Trip Generation—The unit of travel for medium-siZéereafter medium) and large
MPOs is “total person trips”; for small MPOs thavel unit “vehicle trips” is the travel
unit for almost as many MPOs as is “total persgstf The trip generation relationship
is defined by cross-classification for trip prodans and by a function derived from
regression analysis for trip attractions.

» Trip Distribution—a gravity model distributing pexrs trips on the basis of travel time
over the highway network is the dominant methodgl@g impedance function that
combines highway and transit times or other fad®rsed by a significant portion of the
large MPOs. Fewer than half of the reporting MP@slyasome type of adjustment
factors in the distribution models.

* Mode Choice—A mode choice model for HBW trips isdi®y 95% of the large MPOs,
54% of the medium MPOs, and 21% of the small MP@s. functional form of the
mode choice models is overwhelmingly multinomiahested logit.

» Assignment—Equilibrium assignment of highway tnpsised by 76% of all MPOs and
91% of large MPOs. Transit trips are assigned 9 @4 the large, 56% of the medium,
and 34% of the small MPOs.
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* Postprocessing—Just more than half of all MPOs%#d of large MPOs reported
postprocessing of assignments for mobile source®ams analysis. Feedback of
highway and transit times to model componentspsited as follows:

- To auto ownership: 16% of all MPOs; 42% of large ®A4P
- To trip generation: 16% of all MPOs; 33% of larg@®is

- To trip distribution: 46% of all MPOs; 88% of larg@POs
- To mode choice: 42% of all MPOs; 85% of large MPOs
- To land use: 12% of all MPOs; 41% of large MPOs

The majority of MPOs serve metropolitan areas pitpulations of less than 200,000.
For these small MPOs, and even for most medium Mé&D8ng areas with populations between
200,000 and 1 million, the primary purpose for vwhincodels are applied relates to roadway
planning. The summary of travel-forecasting methm@wviously mentioned is a reasonable
description of their practices. MPOs in larger urbaeas tend to face more complex problems.
These areas may have greater levels of congest@ybe considering alternative forms of
development that seek to deemphasize auto usebenphanning transit New Starts projects, or
may be considering various forms of roadway pricifige traditional four-step models may not
have adequate sensitivities to the policies tovaduated. Some of these areas have developed or
are strongly considering development of “advanaedtels that are activity based or that
include population synthesis, destination choical@rnative assignment methods.

Model validation (static validation) is most oftbased on matching travel behavior as
reported in the household survey used to estinhatenbdels and matching traffic counts, which
are reported to be of widely varying quality. ThenSus Transportation Planning Package
provides an independent source for validation efganeration and distribution of work trips,
but few if any sources exist that can be usedrfdependent validation of other aspects of the
travel-forecasting process.

Backcasting to assess the validity of models avee is rare. Formal sensitivity analysis
to assess how forecasts are likely to responddaagsds in demographic, economic, or
transportation system factors is done by a few @genbut it is not common practice.

The resources available to most MPOs for traveddasting are limited. The majority of
MPOs in areas of population less than 200,000aelthe state transportation agency or
consultants for model development and applicatiwen in larger agencies that travel,
forecasting staff are typically fewer than 10, émel annual budget for travel forecasting is less
than $1 million. MPOs reported that they want pohees that “work” in the sense that the
procedures can be applied with existing softwaradmsncy staff in reasonable amount of time
and yield reasonable forecasts. MPO models ardatali and updated periodically. Almost
three-quarters of MPOs reported updating their rfsosiace 2001. Making major changes in the
structure or details of a model application reguimeore resources than are readily available and
may bring into question decisions that were madegube previous model set. For these
reasons, MPOs are conservative, reporting a relaetto adopt new methods until they are
proven to offer better results than the currentedures.

FINAL DRAFT — June 5, 2007 Page 2



INTRODUCTION

“... models are highly imprecise, their inputs aréremely difficult to predict, and the
formulations of future travel demand are almostestar be inaccurate to some ext&ht.

Similar statements to the quote here could be faumdany sources. The methods and
models used by metropolitan planning organizat({®BOs) to forecast travel have evolved over
more than half a century, building on work begunTby. Fratar in the 1940s to predict patterns
of urban travel on the basis of changes in pomraind employment. This work was continued
by Alan Voorhees and the staff of the Bureau oflied®oads in the 1950s to include a measure
of spatial separation in forecasting travel anthie advantage of the then-emerging availability
of digital computing’. By 1965, a basic set of procedures and softwaseawailable that
permitted a planning agency to construct netwogksasenting highway systems, build the
shortest paths, forecast travel, and assign twiplset networks.

If an assessment of the state of the practiceaairetrdemand forecasting had been
prepared in 1965, it would have found the following

« Agencies and planning processes were establishegponse to the 1962 Highway Act.

e Large-scale household surveys, often with in-perstarviews, were conducted in many
locations.

« Many agencies had developed representations oiaighetworks and had mainframe
software from at least two sources that could lpieqb.

« Networks used average daily speeds and capacities.

« Trip generation analyses for productions and ditras were being performed using
regression analysis and data from home-interviewests. Many agencies had seven or
more person trip purposes. Trucks, often light laeavy, were classified as other
“purposes,” as were taxis.

« The gravity model was being used by advanced studtbers were using Fratar
expansions. The Intervening Opportunity Model waagse in at least two metropolitan
areas.

« Traffic assignment was generally all or nothingp@aity restraint methods were
available, applied as averaging of multiple loading

e There were no standard methods for transit analysis

« Land-use models were being explored.

By 1975, the changes would have been as follows:

« Some use of peak and off-peak networks had beeleingmted, with different speeds
and capacities.

« There was a greater use of category tables tordeterdink speeds and capacities.

» Cross-classification was the accepted method ifogeneration analysis (productions).

! Brinkman, P. AnthonyThe Ethical Challenges and Professional Respon3easfel Demand
ForecastersPh.D. dissertation, University of California, Reley, 2003.

2 Fratar, T.J., Voorhees, A.M., Raff, M.S. Foreaagistribution of Interzonal Vehicular Trips by Qessive
Approximations/with DiscussioriProceedings of the Highway Research Boafdl. 33, 1954.
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« Number of trip purposes was reduced. Most agerused HBW, home-based other
(HBO), non-home based (NHB), and truck.

e Capacity restraint was in general use. Typically was iterative; some was incremental.

« Transit network development and analysis softwaas awailable (Urban Transportation
Planning System (UTPS).

« Mode choice models (stratified curves, differentifdlity) were in use.

« Land-use models were being explored.

By 1985,

e Large-scale household travel surveys were no loogieducted. Small-scale telephone-
based surveys became the norm.

« Logit models were the accepted form for mode choice

« Feedback of congested times was provided to digioib and mode choice.

« Land-use models were being explored.

By 1995,

« Equilibrium assignment was the accepted procedure.

« Assignment applications were multiclass.

« Nested logit mode choice models were in use in na@ncies.

« Non-motorized trips were included in trip generatio some models.
« Work-based purposes were used in trip generatidrdestribution.

« Land-use models were being explored.

Since 1995,

« Some MPOs use stated preference survey findingeuel development.

e Postprocessing is used for speeds and volumesnigsi®ns analysis.

« There is some use of destination choice models.

« Tour-based models are first applied in MPOs.

« There is some use of auto ownership models pregédmgeneration.

« There is some use of sample enumeration and syntieiseholds to define trip patterns.

« Nonmotorized trips are used in some mode choiceetsod

« Land-use models are being explored, with some egupdin.

« GIS systems are used extensively for data stonag@malysis and presentation of
findings.

« Much faster and less expensive computers with greaipabilities are available.

In spite of the advances in travel-forecasting pdures, students of the process have
identified many shortcomings of the conventionalgedures and the ways they are applied.
Common criticisms include the following:

« Lack of integration of land-use and transportafmmecasting
« Failure to properly account for and reflect allttas affecting traveler behavior
« Failure to account for interactions among househwdhbers
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 Inability to properly address trip chaining

« Lack of consistency in the several elements ofdle-step process

» Need for extensive use of “adjustment factors” afiaus types to properly replicate
observed conditions

« Inability to represent all the ways travelers magpond to congestion or pricing

In response to these criticisms, academic resea;ot@nsulting firms, software vendors,
and MPOs have proposed ways to improve the protesssuggested enhancements range from
minor changes in the ways the traditional methadsapplied, implementation of new
algorithms, or inclusion of other factors in furetal formulations to entirely new paradigms of
traveler choice and behavior.

MPOs strive to use travel-forecasting methodswhih&allow them to address the key
policy questions being asked by the participatigpgreies, that provide information in a timely
manner, and that can be developed and appliedthéthesources available to the agency.
Although some agencies, faced with new questionkseek to develop and apply advanced
methods, many prefer to maintain methods that mhe@t planning needs and are consistent with
the state of the practice. It became apparentanipus TRB work that there is no readily
available documentation to which an MPO can turfinid the common practice in travel
forecasting. In response, TRB formed a committegssist in developing a statement of the state
of the practice.

The committee engaged Vanasse Hangen Brustlin(\iB) to assist in gathering
information needed to make a Determination of tte#eSof the Practice in Metropolitan Area
Travel Forecasting. As an initial step, a survey wanducted to develop an inventory of the
practices and procedures currently in use by MB@sed in part on the information obtained in
that survey, the committee identified other isdines should be explored in greater depth with a
smaller group of MPOs. The agencies selected fiselin-depth interviews were not the typical
or average MPO. Rather, the agencies selecteddsanen from those known to have undertaken
development of “advanced” practices or to be adtiverganizations such as the Association of
Metropolitan Planning Organizations (AMPO). Infotioa was also obtained from the five
MPOs represented on the TRB committee.

This report documents the scope of the web-baseeyand presents findings on the
basis of the responses received, the informatiamedan the in-depth interviews, information
provided by the MPOs represented on the commit@amentary in the literature on the state of
the practice, and the experience of project st@affigipating in model peer reviews.
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WEB-BASED SURVEY OF MPOS: OVERVIEW OF THE WEB-BASED
SURVEY

The intent of the web-based survey was to obtdornmation from a broad sample of
MPOs that described the travel-forecasting procesiaf each agency in sufficient detail to
permit assessment and categorization of their ndsthdesign of the survey began with review
of the project scope of work as developed by therdtee. Of particular note was the list of 21
specific questions raised by the committee. Intaldithe project team drew on its experience
to develop questions that would assist in documgrdurrent practice.

The survey was developed as a web-based instrutrentould be completed online by
each MPO. To aid in processing, almost all questiwere “closed end,” permitting only specific
responses. Recognizing that there would be manyroistances in which an agency’s practice
would not be described by a prespecified resparsepportunity was provided for further
comment for some questions.

An initial draft survey was prepared and circulatedcomment. Following revision, this
survey was pretested at two large and one mediu®@.MI the basis of comments from the
staff of the pretest agencies and others, the gunstrument was further revised.

Listings of MPOs and their e-mail addresses wexeldped from lists provided by
FHWA and AMPO. Using these lists, an e-mail wad $§mTRB to each MPO with a request
that it visit a specified web site to complete shievey. MPOs were assured that responses would
never be attributed to a specific MPO but repodely in aggregate. Each e-mail contained a
user name and password unique to the specific MiB@vould be expected, some follow-up
work was required to find proper addresses for MP@ails that “bounced” and to identify
addresses for MPOs not fully identified on the sedistings. In addition, considerable
assistance was provided to a number of the respgmdPOs.

Prior research by TRB had determined that for MROrany states, all or a substantial
part of the travel forecasting was done by theedtainsportation agency. For those states, the
survey was set-up so that both the MPO and the agency could access the database and
provide information. In these states, there areynsamilarities among the procedures used in
each of the MPOs; therefore, the states were atsoded with a procedure for copying the
information relating to travel forecasting from tlesponse for a given MPO to that response for
another MPO. Each of these MPOs could provide resggunique to its area.

The surveys were originally distributed on JuneZQ5, with a requested response by
July 15, 2005. Reminder and follow-up e-mails weeat as July 15 approached. A special effort
was made by TRB with assistance from AMPO and stherobtain information from the MPOs
classified as “large”; that is, in areas with patidn exceeding 1 million. In response to
requests, the survey database was kept open, sgmohses were solicited until August 13.
Tabulations and comments presented to the TRB ctieenn September 2005 were based on
data received as of August 13, 2005. Informatiomfnine other MPOs was received after
August 13. Data from these additional responsesahaded in this document.

As in any large survey, there were misunderstarsdafiggome questions by a few
respondents and there were data entry errors ley o#dhpondents. Errors of this type were found
as analyses were conducted. These frequently aggpaaroutliers or as anomalous or apparently
spurious results. To minimize such erroneous resg®ra series of logic checks was applied to
the dataset. Where possible errors appeared, itfiaarsurvey response was examined in detail
in an attempt to correct the information. Thesenges, too, have been incorporated. In spite of
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these efforts, some incorrectly reported informaticaused by misinterpretation of the intent of
a guestion or simple error in entering a respomsg, remain.

WEB-BASED SURVEY FINDINGS

Content and Major Topics

The survey covered 12 general topic areas:

* Agency identification and contact information
» General description of the MPO

» Description of the area in which the MPO is located
» Data forecasts

* Planning issues and uses of models

* Model validation

» Trip generation and trip distribution

* Mode choice

* Managed lanes

* Trip assignment

» Additional questions

» Documentation

The survey called for 15 items of information rethto identification of the MPO and the
persons responding to the survey. In additiongtinagre 91 numbered questions. However,
many questions had subquestions that were presenteat presented, depending on the answers
to previous questions. Overall, there were nead9Q items for which a response could be
requested. The survey questionnaire is includetppendix A.

Number of Responses

The survey was sent to each of the 381 MPOs. Iitiaddeach state transportation
agency was sent an e-mail with a link to the sulas@y a notification that the survey request had
been sent to the MPOs in the state. States and MR@sasked to coordinate and cooperate in
responding to the survey. This was of particulgsontance for those MPOs where most of the
travel demand forecasting work, including modelalepgment or application, is done by the
state transportation agency. In these statestdlbe agency completed and submitted the survey
for each MPO. As shown in Table 1, data were restefvtom 228 MPOs. Because not all
guestions were answered for each MPO, the numhbespbnses is not the same for all
guestions.

Figure 1 illustrates the locations of the MPOs oegfing to the survey. All states, except
Hawaii, are represented in the responses.
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Table 1: Surveys Sent and Responses Received, By MP O Size

MPO Classification Surveys Respo_nses Percenta_ge
Sent Received Responding
Small (population less than 200,000) 205 116 57%
Medium (population between 200,000 and 1 million) 133 76 57%
Large (population greater than 1 million) 43 36 84%
Total 381 228 60%
Figure 1: MPOs Providing Responses
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Descriptors of Responding MPOs

Transportation Management AredgForty-five percent of all MPOs, and 91% of larg@®is
reported that they are a transportation manageareat(TMA). Even among medium MPOs,
77% report being a TMA.

Air Quality Conditions—MPOs in areas that are in non-attainment or maariee at specified
levels for certain pollutants are subject to certeavel-forecasting model requirements. Air
guality non-attainment status of the responding P Jprovided in Table 2.
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Table 2: Percentage of MPOs reporting Air Quality N on-Attainment or Maintenance before May 1,

2005
Non-attainment or Maintenance Status Small Medium | arge Total
Ozone (n=214)
Serious or worse 4% 16% 28% 12%
Not serious 16% 37% 53% 29%
CO (n=198)
Serious or worse 3% 17% 10% 9%
Not serious 7% 23% 58% 20%
PM 10 (n=188) 10% 21% 37% 18%
PM 2.5 (n=192) 8% 25% 50% 20%
NOx (n=187) 5% 16% 12% 10%
gtz?jgal Non-Attainment or Maintenance 9206 2204 30% 54%

Air quality issues are one factor in spurring agesito make changes in their travel
models. Nearly all of the large MPOs, nearly thgeesters of the medium MPOs, and nearly
one-third of the small MPOs are in areas that mreon-attainment. Approximately one-third of
the large MPOs and 20% of the medium MPOs aredasain which air quality has been
designated serious or worse for ozone. As a reshfo of the large MPOs and 30% of the
medium MPOs reported having modified their travektasting procedures to conduct air
guality—related analyses. Modifications to the élaorecasting procedures are also undertaken
in response to the needs for analysis of transjpamtarojects.

Those MPOs that have found it necessary to modiafyet-forecasting procedures to
conduct air quality analyses are more likely todhaWNew Starts/Small Starts program, to
conduct corridor studies, and to model toll larfremtthose MPOs that have not needed to
modify travel-forecasting procedures (see FigurdH®wever, this difference is largely a result
of MPO size.

As illustrated in Figure 2, the MPOs that reportesting to modify their travel-
forecasting procedures are those that are in tgeranetropolitan areas and that are being asked
to respond to more complex questions related tspartation investments or policy. The
metropolitan areas tend to be also considering mmege roadways, transit New Starts,
congestion pricing, or High-Occupancy Toll (HOTgifdies.
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Figure 2: Percentage of MPOs That Have Modified Tra vel Forecasting for Air Quality Analyses
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More than one-third of all MPOs are in areas inchia transit New Starts project is
either in progress or is being contemplated, artd &€e in areas planning a major highway
project. Approximately half of the agencies enggdmsuch studies have modified their models
(Table 3).

Table 3: Number of Agencies Modifying Procedures in Response to Transit or Highway Planning
Need

Small Medium Large Total
Is a transit New Starts Ppoject in progress or
contemplated? (n=213)
Yes 14 34 34 82
No 91 38 2 131
If Yes:
Had to modify procedures 3 16 22 41
Have not modified procedures 11 14 12 37
Is a major highway corridor in progress or
planned? (n=209)
Yes 44 49 33 126
No 59 21 3 83
If Yes:
Had to modify procedures 19 26 18 63
Have not modified procedures 24 23 15 62
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Those MPOs that have New Starts/Small Starts pnogjeae more likely to conduct
corridor studies, to model toll lanes, or to paridheir own travel forecasting than are MPOs

that do not have New Starts/Small Starts programes Figure 3 and Figure 4).

Figure 3: Percentage of MPOs That Have a New Starts /Small Starts Program (Stratified by Whether
MPO conducts Corridor Studies or Models Toll Lanes)
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Figure 4: Agency Performing the Travel Forecasting (Stratified by Those That Have a New
Starts/Small Starts Program)
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Agency That Performs Travel Forecasting

Those MPOs that have a New Starts/Small Startsanogr that model toll lanes are
more likely to conduct corridor studies than thteOs that do not (see Figure 5). In addition,
MPOs that perform their own travel forecasting eithy themselves or with a consultant or the
state are more likely to conduct corridor studire@ntMPOs that do not participate in travel
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forecasting (see Figure 6). For example, 71% @M Os that perform their own travel
forecasting have been engaged in a corridor study.

Figure 5: Percentage of MPOs That Conduct Corridor Studies (Stratified by Whether MPO Has New
Starts Programs or Models of Toll Lanes)
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Figure 6: Percentage of MPOs That Conduct Corridor Studies (Stratified by Agency Performing
Travel Forecasting)
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Agency That Performs Travel Forecasting

Long-range planning and air quality conformity assals are the primary applications for
which travel-forecasting procedures are appliedrdtban 95% of agencies reported using a
travel demand model for long-range planning or oonity analyses. Only 25% of all MPOs
(40% of large MPOs) reported using models for odpglications.
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Who Does Modeling Work

The majority of travel-forecasting work is carriedt either by the MPO or by the state
transportation agency (Figure 7). For smaller MR states play a major role, whereas in
larger areas, the MPOs dominate.

Figure 7: Participants in Travel Forecasting
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MPO Size

MPOs that have a New Starts/Small Starts prograthadrconduct corridor studies are
more likely to have a consultant perform their &éldorecasting and are less likely to have the
state perform their travel forecasting than thése o not (see Figure 8). In part this is because
of the specialized nature of mode choice modelagthe limited resources available to most
MPOs are also relevant. New mode choice model dpuwadnt efforts require significant
efforts—more than can easily be absorbed by an MRIut its normal staff.

MPOs that model toll lanes are more likely to castdbeir own travel forecasting and
less likely to have the state conduct their trdoedcasting than MPOs that do not model toll
lanes (see Figure 8). MPOs that have a high papaolgtowth rate tend to be more likely to
have a consultant perform their travel forecaséing less likely to perform their own travel
forecasting than MPOs with low and medium poputagoowth rates (see Figure 9). This may
be because the resources allocated to the MPOrtmwet caught up with the new growth.
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Figure 8: Relationship of Agency That Conducts Trav

Corridor Studies and Modeling

of Toll Lanes
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Figure 9: Relationship of Agency That Conducts Trav el Forecasting to MPO Population Growth
Rate
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Findings by Model Component

Data Forecasts

Agencies make use of a number of exogenous faictdhe preparation of travel
forecasts (see Figure 10). Almost all MPOs reqiairecasts of population, households, and
employment. Approximately half also forecast houselsize, auto ownership, or income.

Figure 10: Demographic Factors Used in Trip Generat  ion—All MPOs
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Although few MPOs use housing type/condition, tighar the population growth rate is,
the more likely the MPO is to use this demograjimits model (see Figure 11). MPOs that
conduct their own travel forecasting are more {ikel use housing type/condition in their
models than MPOs for which the state conductsrthest forecasting (see Figure 12).
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Figure 11: Percentage of MPOs That Use Housing Type /Condition in Travel Forecasting (Stratified
by Population Growth Rate)
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Figure 12: Percentage of MPOs That Use Housing Type /Condition Data in Travel Forecasting
(Stratified by Agency Performing Travel Forecasting )
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MPOs that conduct corridor studies and that maulelanes are more likely to include
labor force figures in the trip generation modelttthose MPOs that do not conduct corridor
studies or model toll lanes (see Figure 13). Intamid MPOs with a lower population growth
rate are more likely to use labor force data in generation than those with a higher population

growth rate (see Figure 14).
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Figure 13: Percentage of MPOs That Use Labor Force  Data in Travel Forecasting (Stratified by Use
of Corridor Studies and Toll Lanes)
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Figure 14: Percentage of MPOs That Use Labor Force  Data in Travel Forecasting (Stratified by
MPO Population Growth Rate)
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In general, the MPO (with or without assistancerfrathers) is responsible for
preparation of data forecasts (see Figure 15).
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Figure 15: Responsibility for Demographic Forecasts
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For the primary variables—population, household$ employment—most MPOs
reported using a “top-down model,” suggesting tkegtonal totals are taken from forecasts
prepared for larger units and then allocated to Mir€as (Figure 16).

Figure 16: Methods Used for Demographic Forecasts
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Figure 17: Methods of Allocating Forecasts to Traff

ic Analysis Zones—All MPOs
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Allocation of basic forecasts—population, housebplthd employment—to traffic

analysis zones (TAZs) within a region is done bgatiation or based on master plans in more
than half of reporting MPOs (Figure 17). Income antb ownership are treated differently, with
allocations based on current distributions or othehniques, generally models of some type.

Travel-Forecasting Model Set

Approximately half of all MPOs are using traveldoasting model sets that have been
updated in the last two years; very few are usingehsets that have not been updated in the

past decade (see Figure 18).
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Figure 18: Year of Update of Travel-Forecasting Mod el Set
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MPOs that perform their own travel forecasting ra@e likely than MPOs that have the
state perform their travel forecasting to have tgdidheir travel demand model since 2001 (see

Figure 19).

Figure 19: Most Recent Update of MPOs’ Travel Deman  d Set (Stratified by Agency That Performs
the Travel Forecasting)
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Overall, approximately 57% of MPOs have documettiedr most recently updated
model set. MPOs that have a New Starts/Small Steogram, that have conducted corridor
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studies, or that model tolls are more likely to d@ocumented their most recently updated
model set than those that do not (see Figure 20).

Figure 20: Documentation of MPOs’ Most Recently Upd  ated Model Set (Stratified by Whether the
MPO Has a New Starts Program, Conducts Corridor Stu  dies, or Models Toll Lanes)
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The model components addressed in the most reagrdigted model are typically trip
generation, trip distribution, and highway assigntr{enore than 80% of MPOs). Approximately
half of MPOs updated a mode choice element, an@58-updated postprocessing procedures.
Six MPOs reported transitioning from a four-stepdeldo another model form. These agencies
have implemented model sets that may be consideueddased or activity-based. In one case, a
small MPO uses the same model set as the muclr dgecent MPO. The large MPO has
shifted to an activity-based model. As a result,gmall MPO also reported shifting to a new
model form. The number of TAZs is, on average, #83mall MPOs, 931 for medium-sized
MPOs, and 1,739 for large MPOs (Figure 21).
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Figure 21: Average Number of TAZs
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Related to size of area, there is less variatiagh ewerage TAZs per square mile of 0.9,
0.8, and 0.5 for small, medium, and large MPOgeesvely (Figure 22). The number of
external stations averages 32 for all MPOs (24ifoall, 37 for medium, and 46 for large)

(Figure 23).
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Figure 22: Distribution of TAZ Density
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Figure 23: Average Number of External Stations
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The highway networks range in size from 4,213 lifdessmall areas to more than 20,000
for large areas (Figure 24). The number of nodeges from 2,950 to 11,367 (Figure 25).

Figure 24: Average Number of Links in the Highway N etwork
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Figure 25: Average Number of Nodes in the Highway N etwork
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The highway networks coded by MPOs tend to inclltler almost all freeway, major
arterial, and minor arterial mileage. On averagss lthan 25% of local mileage is represented.
The greatest variation is in collector mileage hviérge areas including varying proportions of
collector mileage whereas small areas include alm@3% of collector miles (Figures 26-29).

Figure 26: Proportion of Roadway Miles Included in Network—All MPOs (n=228
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Figure 27: Proportion of Roadway Miles Included in

Network—Large MPOs (n=36)
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Figure 28: Proportion of Transit Facility Miles Inc  luded in Network—All MPOs (n=228)
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Figure 29: Proportion of Transit Facility Miles Inc  luded in Network—Large MPOs (n=36)
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Approximately 86% of the travel-forecasting modeted by MPOs have been validated
since 2001 (see Figure 30). Validation typicallyalves comparing work trips forecast by the
model to patterns of work travel reported in thex§les Transportation Planning Package (CTPP)
and comparison of assigned highway link volumetsafic counts. In most cases, a model is
considered to be validated on the basis of achgetfia suggested levels of tolerable root mean
square (RMS) error for link volumes. Continued usiesiodels validated before 2001 are
reported by only 14% of the MPOs.
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Figure 30: Year in Which Current Model Was Validate d
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Figure 31: Year in Which Validation Data Were Colle cted
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The frequency of model validation varies with tieef the MPO, with approximately
half of large agencies validating at least evergdtyears, whereas medium-sized and small
agencies tend to validate on a longer cycle. O886 bf small MPOs and nearly 20% of medium
MPOs validate their models at least every threesyésee Figure 32).

Figure 32: Frequency of Model Validation
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MPOs that have a New Starts/Small Starts prograthatrmodel toll lanes are more
likely to have validated their model in the pasethyears than those that do not (see Figure 33).
In addition, MPOs that conduct their own travekftasting tend to validate their models more
regularly than when the state performs the updage Figure 34). These differences are largely a
result of MPO size (see Figure 32). MPOs that fmaMew Starts program or model toll lanes or
that perform their own travel forecasting are mikely to be larger than MPOs that do not.
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Figure 33: Frequency That Model Is Validated (Strat
Program or Models Toll Lanes)

ified by Whether the MPO Has a New Starts

100%

D

80%

60%

42%

51%

=

55%

27%

40%

% of MPOs

19%

21%

20%

17%

11%

20% 12%

0%

Figure 34: Frequency That Model Is Validated (Strat

Forecasting)

Yes (n=77)

No (n=141)

Has a New Starts Program

Yes (n=56)

Models Toll Lanes

Stratification

No (n=162)

& Other
@ Newver

W Every 6+ Years
B Every 4-5 Years
@ Every 3 Years

@ Every 1-2 Years

ified by the Agency That Performs the Travel

100%

80%

60%

40%

% of MPOs

20%

0%

11%

16%

9%

26%

24%

21%

45%

58%

48%

20%

15%

11%

11%

47%

@ Other

@ Never

O Every 6+ Years
B Every 4-5 Years
O Every 3 Years
& Every 1-2 Years

MPO
(n=95)

Consultant
(n=19)

State
(n=85)

MPO & State
(n=19)

Agency that Performs Travel Forecasting

Agencies tend to rely on national sources of datadlidating their trip generation
models (Decennial Census Survey [DCS], CTTP, Natiblousehold Travel Survey [NHTS]).
Less than 10% of the MPOs reported having a hoteeview survey used for validating trip

generation ratesee Figure 35).
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Figure 35: Data Sources for Validation of Trip Gene  ration Model—All MPOs
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MPOs that have a New Starts/Small Starts prograat,cdonduct corridor studies, or that
model toll lanes are more likely to use CTPP datzalidate the trip generation model than
MPOs without them (see Figure 36).

MPOs that conduct their own travel forecastingless likely to use DCS File 3 data than
when the state conducts the travel forecas(seg Figure 37).
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Figure 36: Percentage of MPOs That Use CTPP Datato Validate the Trip Generation Model,
(Stratified by Whether the MPO has a New Starts Pro  gram, Conducts Corridor Studies, or Models

Toll Lanes)
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Figure 37: Percentage of MPOs That Use DCS File 3 D ata to Validate the Trip Generation Model
(Stratified by the Agency That Performs the Travel Forecasting)

60%
51%

50%
» 40% 35%
8 32%
S 30% 20%
©
R 20%

10% -

0% ; ; ;
MPO Consultant State MPO & State
(n=97) (n=22) (n=87) (n=19)
Agency That Performs Travel Forecasting

MPOs that have a New Starts/Small Starts prograat,cdonduct corridor studies, or that
model toll lanes are more likely to use househ@uédl surveys to validate their trip distribution
models than MPOs that do not (see Figure 38).
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Figure 38: Percentage of MPOs That Use Household Tr  avel Surveys to Validate the Trip
Distribution Model (Stratified by Whether the MPO h  as a New Starts Program, Conducts Corridor

Studies, or Models Toll Lanes)
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MPOs with lower population growth rates are mokelyf to use CTPP data and
household travel surveys than MPOs with higher padfmn growth rates (see Figure 39).

Figure 39: Percentage of MPOs That Use CTPP Data an d Household Travel Surveys to Validate the
Trip Distribution Model (Stratified by Population G rowth Rate of the MPO)
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MPOs that conduct the travel forecasting on thein are more likely to use data from
DCS File 3 to validate their trip distribution mddean when the state conducts the travel

forecasting (see Figure 40).
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Figure 40: Percentage of MPOs That Use DCS File 3 D ata to Validate the Trip Distribution Model
(Stratified by the Agency Performing the Travel For  ecasting)
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MPOs that have a New Starts/Small Starts progranteas likelyto use data from the
CTPP and NHTS to validate the mode choice model ROs without a New Starts/Small

Starts program (see Figure 41).

Figure 41: Percentage of MPOs That Use CTPP or NHTS Data to Validate their Mode Choice Model
(Stratified by whether the MPO has a New Starts Pro  gram)

100%

80%

53%
47% @ CTPP

0O NHTS

60%

40%

% of MPOs

16%

20%

7%
0% ‘
Yes (n=60) No (n=43)

MPO Has a New Starts Program

MPOs that conduct corridor studies are less likelyse CTPP data than MPOs that do
not conduct corridor studies (see Figure 42).
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Figure 42: Percentage of MPOs That Use CTPP Datato Validate their Mode Choice Model
(Stratified by Whether the MPO Conducts Corridor St udies)
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MPOs that have New Starts/Small Starts prograntisatrmodel toll lanes are more
likely to use transit on-board surveys, transitrdsyand boardings and alightings to validate the
trip assignment model than MPOs that do not hawe Starts/Small Starts programs or model
toll lanes (see Figure 43). In large measure,ishigely because transit assignment accuracy
becomes an issue for most MPOs only when the feteeaie being used to support an
application for funding under the Federal Trangitfnistration (FTA) New Starts program.

Figure 43: Percentage of MPOs That Use Transit On-b  oard Surveys, Transit Counts, and
Boardings/Alightings to Validate their Trip Assignm ent Model (Stratified by Whether the MPO Has

a New Starts Program or Models Toll Lanes)
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MPOs that conduct corridor studies are more litelyse transit on-board surveys and
boardings and alightings than do MPOs that do antlact corridor studies (see Figure 44).
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Figure 44: Percentage of MPOs That Use Transit On-b  oard Surveys and Boardings/Alightings to
Validate Their Trip Assignment Model  (Stratified by Whether the MPO Conducts Corridor St udies)
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Census datasets are also widely used to validateighdistribution model. Local
roadside interview data and transit boarding/alightiata are useful but less significant sources
(see Figure 45).

Figure 45: Data Sources Used for Validation of Trip Distribution—All MPOs
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There is a substantial difference in the approachatidation by agency size.
Approximately three-quarters of large MPOs repoxtalitlating each component of their
models, whereas only 40% of small agencies valithegendividual components.

Trip Generation

Total daily trip ends, productions, and attracticare generated by more than 85% of
MPOs (see Figure 46). Approximately 10% of MPOsegate trip ends for the PM peak period
and approximately 5% for the AM peak period.

Figure 46: Time Period for Trip Generation Model (S tratified by MPO Size)
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However, MPOs for which travel forecasting is cociéd by the state are more likely to
generate trip ends for the entire day than are Mia@tsconduct their own travel forecasting (see
Figure 47). As with other similar topics, thisiieely due in large measure to the fact that
metropolitan areas for which the state performgelréorecasting tend to be smaller than those
for which the MPO prepared the forecasts.
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Figure 47: Time Period for Trip Generation Model (S tratified by Agency Performing the Travel
Forecasting)
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The vast majority of MPOs (81%) generate trip-bgs@dluctions and attractions for one
or more trip types (see Figure 48). A few agenaieginly medium-sized MPOs, use a
combination of trip-based productions and attraxgtiand trip-based origins and destinations. A
few agencies generate trip-based origins and aeigtivs for at least one trip purpose. Two
agencies reported using a combination of tour-bgeeération and an activity-based generation.

Figure 48: Trip Generation Approach Used in the Mod el (Stratified by MPO Size)
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MPOs use many different categorizations of tragelkiieir trip generation models with
many different naming conventions. Our survey @tethe choice of eight of the most common
person travel categories, three vehicle travelgmates, and an “other” category. The responses
received included 86 different combinations of pigpose categories. The number of trip
purpose categories reported by agencies rangesdnento eight Almost all MPOs (215)
reported home-based work (HBW) as a purpose usegbigeneration; 203 reported HBO and
NHB. The single most common set (HBW, HBO, and NIdBlrip purpose categories was
reported by 11% of all MPOs. The next most commasigd grouping (HBW, HBO, NHB,
trucks, and other) was reported by 10% of agenaldsugh 5% reported HBW, HBO, NHB,
and trucks).

Overall 58% of MPOs reported using four person¢apegories (see Figure 49). These
are HBW, home-based retail (HBR), NHB, and one iophepose. Only 31% of large MPOs use
only these purposes.

Figure 49: MPOs Reporting Trip Generation Only for HBW, HBR, NHB, and One Other Purpose

100%

90%

80%
70%

60%

59%

50% 71%
56%

40%

% of MPQOs

30%
31%

20%

10%

O% T T T
Small (h=111) Medium (n=72) Large (n=36) Total (n=219)

n=Number of .
respondents MPO Size

Other trip generation categories are not so widebd. HBR was reported by 105 MPOs,
home-based shop (HBS) by 87 MPOs, home-based maih{i¢BNR) by 49 MPOs, and
college/university (HBCU) by 55 MPOs. Sixty-six MB@eported using a work-based trip
category. Trucks or commercial vehicle trips amreggated by 161 MPOs; taxi trips are
generated by only 21 MPOs.

Among the “other” categories reported are airp@adda or air passenger travel, trips to—
from a special generator (e.g., amusement parkyaasilitary base), and internal—external
trips.

Few MPOs use fewer than three categories for &ipgegation (see Figure 50).
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Figure 50: Frequency Distribution of Number of Trip Purposes in Trip Generation
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The 50th percentile value for the number of tripgmses used in trip generation is
approximately three for small and medium-sized MA@sge MPOs tend to use more trip
categories, with a 50th percentile of just morentfige categories (see Figure 51).

Figure 51: Number of Trip Purposes Used in Trip Gen  eration
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The unit of travel for trip generation is typicapgrson trips, with smaller agencies
forecasting vehicular trips and larger agenciesdasting total person trips (see Tables 4 and 5).
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Table 4: Unit of Travel used in Trip Generation—All

MPOs

All MPOs
Trip Types Vehicular Motorized Total Person Tours Other
Trips Person Trips Trips
No. % No. % No. % No. % No. %

HBW 88 41% 32 15% 91 42% 2 1% 2 1%
HBR 24 23% 15 14% 63 60% 2 2% 1 1%
HBNR 18 37% 3 6% 27 55% 0 0% 1 2%
HBS 17 20% 13 15% 51 60% 2 2% 2 2%
HBCU 10 19% 5 9% 35 65% 2 4% 2 4%
HBO 79 40% 33 17% 85 43% 2 1% 1 1%
NHB 79 40% 32 16% 87 44% 0 0% 1 1%
WB 16 25% 12 19% 31 49% 2 3% 2 3%
Trucks 90 98% 0 0% 0 0% 1 1% 1 1%
Commercial 54 | 95% 0 0% 0 0% 3 5% 0 0%
Vehicles

Taxis 19 95% 0 0% 0 0% 0 0% 1 5%

n=228 MPOs

HBW = home-based work, HBR = home-based retail, HBNR = home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other, NHB = non—home based, WB = work based
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Table 5: Unit of Travel Used in Trip Generation—Lar ge MPOs

Large MPOs
Tri i i
ip Types Vehl_cular Motorlze_d Total I_Derson Tours Other
Trips Person Trips Trips
No. % No. % No. % No. % No. %

HBW 3 8% 4 11% 26 72% 1 3% 2 6%
HBR 2 8% 3 12% 19 73% 1 4% 1 4%
HBNR 1 8% 0 0% 11 85% 0 0% 1 8%
HBS 2 8% 1 4% 20 7% 1 4% 2 8%
HBCU 0 0% 1 5% 15 79% 1 5% 2 11%
HBO 3 9% 5 15% 23 70% 1 3% 1 3%
NHB 2 6% 5 16% 24 75% 0 0% 1 3%
WB 1 8% 0 0% 8 67% 1 8% 2 17%
Trucks 18 95% 0 0% 0 0% 1 5% 0 0%
Commercial 12| 92% ol o% ol o% 1| 8w ol o%
Vehicles

Taxis 9 | 100% 0 0% 0 0% 0 0% 0 0%

n=36 MPOs
HBW = home-based work, HBR = home-based retail, HBNR = home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other, NHB = non—home based, WB = work based

MPOs that have New Starts/Small Starts programejut corridor studies, or model
toll lanes are more likely to use total personstfigr generating HBW trips. Those MPOs
without New Starts/Small Starts programs that docoaduct corridor studies or do not model
toll lanes are more likely to use vehicular triped Figure 52).
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Figure 52: Unit of Travel Used in Distributing HBW

Starts Program, Conducts Corridor Studies, or Model

Trips (Stratified by Whether MPO Has a New
s Toll Lanes)

= 100%
S
S 80w || 33% 35% 35% |
o 48%
© = @ Other
g % +— = 64% L oT
I0) 60% 14% 14% b 13% O Tours
-§' O Total person trips
¥ 40% +— 16% — | O Motorized person trips
= 16% 0 9 @ Vehicular trips
o 0 52% 51% 53% p
o 20% - 33% 21%
s 22%
g 0% 7%
o
T Yes No Yes No Yes No

(n=79) (n=136) | (n=120) (n=95) (n=56) (n=159)

Has a New Starts | Conducts Corridor | Models Toll Lanes

Program Studies

Stratification

MPOs that perform their own travel forecasting rage likely to use total person trips for
generating HBW trips than MPOs for which the sfsdgorms the travel forecasting (see Figure
53). A few MPOs have implemented models that usestmather than trips as the basic pattern
for HBW trips. The models also include a submodeddtimate the location of the intermediate
stop or stops. Tours are typically used by agernbishave activity-based models, but may also

be used with four-step models.

Figure 53: Unit of Travel Used in Distributing HBW
Travel Forecasting)
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The trip production model is typically cross-cldiesition for person travel; only 11% of
MPOs reported using a regression model or some otbdel form for HBW productions. The
most used cross-classification variables are haldedize and autos per household (Table 6).

The few agencies that have implemented activityedasodels have also used synthetic
household analysis, rather than direct trip ger@rato determine the number and types of trips
made by households.
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Table 6: Form of the Trip Production Model (All MPO  s)

All MPOs
Cross-Classification
Trip Type ; .
Regression Other
Income HouSs_ehoId Workers/HH | Auto/HH Location Density Housing Other g
ize Type
No. % No. % No. % No. % No. % No. | % | No. | No. | No. % No. % No. %

HBW 71| 33% | 104 | 48% 54 | 25% 90 | 41% 30 | 14% 8 | 4% 19 | 9% 5| 2% 23| 11% 16 7%
HBR 32 | 15% 72 | 33% 16 7% 51 | 24% 20 9% 7| 3% 8| 4% 1|0% 14 6% 4 2%
HBNR 19 9% 24 | 11% 10 5% 17 8% 7 3% 4| 2% 4| 2% 1| 0% 10 5% 0 0%
HBS 18 8% 40 | 18% 7 3% 26 | 12% 20 9% 2| 1% 7| 3% 20 | 9% 16 7% 13 6%
HBCU 9 4% 13 6% 3 1% 4 2% 4 2% 3|1% 2| 1% 1| 0% 7 3% 5 2%
HBO 62 | 29% | 120 | 55% 20 9% 73 | 34% 28 | 13% 7| 3% 19 | 9% 13 | 6% 25| 12% 13 6%
NHB 58 | 27% | 106 | 49% 19 9% 63 | 29% 25| 12% 5| 2% 11 | 5% 5| 2% 44 | 20% 18 8%
WB 16 7% 16 7% 20 9% 19 9% 20 9% 5| 2% 3 1% 5| 2% 17 8% 9 4%
Trucks 3 1% 6 3% 3 1% 3 1% 9 4% 1| 0% 1| 0% 7| 3% 53 | 24% 25| 12%
Commercial | | 9 2 1% 11 0% | 0| 0% 1| 0% | 0|0%| O 0% 3/1% | 36| 17% 11| 5%
Vehicles

Taxis 2 1% 2 1% 2 1% 1 0% 1 0% 0| 0% 0| 0% 1|0% 4 2% 4 2%

n=228 MPOs
HBW = home-based work, HBR = home-based retail, HBNR = home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other, NHB = non—-home based, WB = work based other, NHB = non-home—based, WB = work based
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The most common form of a trip attraction modedne based on a regression equation.
The independent variable used in the trip attradiimction was not reported. In almost all
cases, the independently generated forecastgpgirwductions and trip attractions are balanced
before trip distribution (see Table 7).

Table 7: Are Productions and Attractions Balanced B efore Trip Distribution — All MPOs

. Yes
Trip Type No. %
HBW 204 97%
HBR 95 95%
HBNR 42 91%
HBS 76 92%
HBCU 45 87%
HBO 189 96%
NHB 188 96%
n=228
HBW = home-based work, HBR = home-based retail, HBNR =
home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based
other, NHB = hon—home based, WB = work based

For most purposes, in most MPOs, the forecast grgperated are normalized to the
forecast of productions. In approximately 12% of @& HBW trips are normalized to
attractions. In approximately one-third of MPOsttlmiecast college or university trips, the trips
are normalized to attractions (see Table 8).

Table 8: Method for Balancing Productions and Attra  ctions — All MPOs

Average of
Normalized to Normalized to Productions
Productions Attractions and Attractions Other
Trip Type No. % No. % No. % No. %
HBCU 30 13% 11 5% 2 1% 8 4%
HBNR 33 14% 3 1% 4 2% 6 3%
HBO 163 71% 9 4% 11 5% 10 4%
HBR 82 36% 5 2% 4 2% 7 3%
HBS 60 26% 7 3% 4 2% 9 4%
HBW 155 68% 27 12% 13 6% 12 5%
NHB 129 57% 38 17% 10 4% 11 5%
n=228
HBW = home-based work, HBR = home-based retail, HBNR = home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other, NHB = non—home based, WB = work based
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Trip Distribution

A few MPOs reported that they do not perform treeedcasting. Those MPOs,
therefore, do not distribute trips. MPOs that pregdorecasts do run distribution models.
Almost all MPOs distribute HBW, HBO, and NHB tripSpproximately one-third of all MPOs
and two-thirds of large MPOs distribute some typshmpping or service trips (séable 9).

Large MPOs tend to distribute person trips (an ayeiof approximately 50% for all trip
purposes), whereas distribution of vehicle tripgi@e common for small and medium-sized
MPOs.

Table 9: Trip Purposes Distributed and Unit of Trip Making

o Percentage of MPOs Distributing
. Percentage o_f MPOs Distributing This Purpose That Distribute Person
Trip Purpose This Purpose Trips
All Small Medium |Large All Small Medium  Large
HBW 93% 91% 93% | 100% 54% 40% 61% 89%
HBR 45% 35% 47% 69% 34% 23% 38% 61%
HBNR 21% 17% 20% 33% 12% 7% 13% 28%
HBS 37% 27% 38% 69% 28% 17% 30% 58%
HBCU 24% 16% 22% 53% 18% 10% 17% 47%
HBO 87% 85% 87% 94% 51% 36% 58% 83%
NHB 88% 84% 91% 94% 53% 38% 61% 83%
WB 28% 22% 34% 31% 19% 13% 26% 22%
Trucks 38% 33% 43% 44% 0% 0% 0% 0%
Commercial 5% | 22% 20% | 42% 0% | 0% 0% 0%
Vehicles
HBW = home-based work, HBR = home-based retail, HBNR = home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other, NHB = non-home based, WB = work based

Although Figure 54 shows that MPOs with a New St&rall Starts program or that
model toll lanes are more likely to distribute merdrips in their model for HBW trips, this
difference is associated with the large size o$¢hdPOs (se@able 9). However, MPOs that
conduct corridor studies are also more likely &tribute person trips in their model for HBW
trips. The results for HBW are comparable to residt other trip types.
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Figure 54: Frequency of HBW Trip Distribution (Stra  tified by Whether MPO Has a New Starts
Program, Conducts Corridor Studies, or Models Toll Lanes)
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The time period impedances used in HBW trip distidn by most agencies tend to be
total day (69%) or morning peak (17%) (see Table lérge agencies are far more likely to use
morning peak impedances (55%); only one-third ojdaagencies reported using total day
impedances to distribute HBW trips.
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Table 10: Impedances Used to Distribute Trips — All MPOs

Percentage of MPOs Using Impedance
Distribute This Total day AM Peak PM Peak Midday Evemirg\;%tand
Purpose:
No. % No. % No. % No. % No. %
HBW 144 69% 35 17% 28 13% 2 1% 0 0%
HBR 55 56% 5 5% 7 7% 32 32% 0 0%
HBNR 22 50% 4 9% 7 16% 11 25% 0 0%
HBS 54 67% 9 11% 7 9% 11 14% 0 0%
HBCU 28 55% 7 14% 8 16% 8 16% 0 0%
HBO 138 71% 6 3% 15 8% 36 18% 0 0%
NHB 132 69% 5 3% 22 12% 32 17% 0 0%
WB 33 56% 5 8% 13 22% 8 14% 0 0%
Trucks 69 75% 3 3% 4 4% 16 17% 0 0%
Commercial 28 | 49% 3| 5% ol ow| 26| 46% ol o%
Vehicles
HBW = home-based work, HBR = home-based retail, HBNR = home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other, NHB = non—-home based, WB = work based

MPOs that have a New Starts/Small Starts prograthatrmodel toll lanes are less likely
to use the total day impedances to distributeripedtstribution model for HBW trips than
MPOs without New Starts/Small Starts programs at tto not model toll lanes (see Figure 55).
However, this difference is likely because MPOg tieve New Starts/Small Starts programs or
that model toll lanes tend to be larger MPOs, wagtbose that do not tend to be smaller MPOs.
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Figure 55: HBW Trip Distribution by Time Impedance
Program or Models Toll Lanes)
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When states perform the travel forecasting, theysagnificantly more likely to use the

total day impedances for the trip distribution midde HBW trips than when MPOs conduct

their own travel forecasting (see Figure 56). Agéirs difference is likely related to MPO size,

because large MPOs are more likely to perform tbwm travel forecasting, whereas small

MPOs are more likely to have their travel foregagitonducting by the state (see Figure 7).

Figure 56: HBW Trip Distribution by Time Impedance

Travel Forecasting)

(Stratified by Agency that Conducts the

100%

80% 1— 38%

20% 21%

42%

60% +—

40% -
580 63%

20% -

Home-Based Work Trip Distribution (%)

0%

O Other
@ Total day

80% 79%

MPO
(n=91)

Consultant
(n=16)

Agency Performing Travel Forecasting

MPO and State
(n=19)

State
(n=83)

FINAL DRAFT — June 5, 2007

Page 50



For other trip purposes, the situation is differéetail trips and HBO trips are often
distributed by large MPOs using midday or total ttayel impedances.

Distribution models are overwhelmingly based onvigyamodels (93%). Eleven agencies
reported using a destination choice model for HBM&t These agencies also use destination
choice for distribution of HBO and HBCU (collegefwuersity) trips. Several use destination
choice for other trip purposes.

Figure 57: Form of the Trip Distribution Model—HBW
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The impedance measure used to distribute HBW Iyps0—80% of small and medium-
sized MPOs is time over the highway network or mlsmation of time and distance over the
highway network. Among large MPOs, only approxinhatee-third reported using simple
highway time or a combination of highway time amstahce. More than half of large MPOs
distribute trips using factors in addition to higiyime or highway distance. A logsum measure
from the mode choice model is used by 25% of laggncies, with another 25% using a
combination of highway and transit time or a conaltion of time and cost. The impedance
measure used for HBW tends to be used for otheopédrip categories. Truck and commercial
trips are distributed using highway time or time @ost.

Approximately 30% of the MPOs of all sizes reponsthg K-factors in their HBW trip
distribution models. Fifteen percent of the MPOs ather similar types of adjustment factors in
their HBW trip distribution model (see Table 11 ppgkoximately one-quarter of MPOs (half of
those using adjustment factors) responded thepai#&now the percentage of the TAZ to TAZ
interchanges to which adjustments were applietbllow-up interviews, a few MPOs reported
that they did not use K-factors or similar adjusttfiactors because they had no independent
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source against which the model forecasts couldbgpared. Others reported that they did not
use adjustment factors in their distribution modesause they were not focusing on replicating
known conditions but rather on the sensitivitieewliiorecasting future conditions.

Table 11: Use of Distribution Model Adjustment Fact  ors

Time Destination

Trip Type Total K-Factors Penalties Constants Other No Factor

No. No. % No. % No. % No. % No. %
HBW 208 60 29% 22 11% 6 3% 5 2% 115 55%
HBR 100 20 20% 17 17% 3 3% 2 2% 58 58%
HBNR 44 12 27% 4 9% 1 2% 2 5% 25 57%
HBS 77 15 19% 13 17% 5 6% 2 3% 42 55%
HBCU 52 14 27% 4 8% 5 10% 2 4% 27 52%
HBO 195 51 26% 22 11% 4 2% 5 3% 113 58%
NHB 194 51 26% 22 11% 2 1% 4 2% 115 59%
WB 60 11 18% 11 18% 4 7% 2 3% 32 53%
Trucks 91 19 21% 3 3% 1 1% 4 4% 64 70%
Commercial 55 3| 5% 4l 7% o| 0% 4 7% 44| 80%
Vehicles

HBW = home-based work, HBR = home-based retail, HBNR = home-based non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other, NHB = non—home based, WB = work based

Although the majority of MPOs do not use adjustnfantors to distribute HBW trips, a
majority of MPOs with low population growth use seform of adjustment factor. Low-growth
MPOs are more likely than medium- or high-growth@®#o use time penalties as an
adjustment factor (see Figure 58).

Figure 58: Use of Adjustment Factors to Distribute HBW Trips (Stratified by Population Growth
Rate)

100%
80% 38% O None
0 59% 64% O Other
O 60%
% @ Constants
‘5 40% 28% O K-factors and time penalties
] Time penalties
S 0 0O p
20% O K-factors
28% 23% 28%
0%
Low (n=40) Medium (n=74) High (n=39)
Population Growth Rate

Approximately two-thirds of the reporting MPOs aptie gravity model doubly
constrained, whereas one-third reported a singhgttained application with output attractions
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not forced to equal input attractions. Roughly 118Jorted that they did not know whether a
gravity model was applied.

Approximately one-quarter of small and medium-9#eOs and one-third of large
MPOs reported that they are exploring replacing #vasting model with an activity-based or
tour-based model (Figure 59).

Figure 59: Agencies Considering Activity-Based or T our-Based Model
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Mode Choice

Use of a mode choice model is the norm for largegdglF~or the typical set of trip
purposes, more than 90% of large MPOs reportediugenode choice model. Only 25—-4&o
small MPOs reported mode choice models for mogigees (see Figure 60).
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Figure 60: Existence of Mode Choice Model
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Those MPOs with New Starts/Small Starts prograat, ¢tbnduct corridor studies, or that
model toll lanes are significantly more likely teaua mode choice model for HBW trips (see
Figure 61). However, for MPOs that have New Startgrams or that model toll lanes, this is

largely a result of MPO size (see Figure 60).

Figure 61: Percentage of MPOs With Mode Choice Mode
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MPOs with higher population growth rates are ldssy to use mode choice models than
are MPOs with lower population growth rates (seguf@ 62). Again, this relationship is likely
related to MPO size; MPOs with higher populatioovgih rates are more likely to have smaller
populations (see Figure 60).

Figure 62: Percentage of MPOs With Mode Choice Mode | (Stratified by MPO Population Growth
Rate)
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MPOs that conduct their own travel forecastingracge likely to use mode choice
models than MPOs whose travel forecasting is caediugy the state (see Figure 63).

Figure 63: Percentage of MPOs With Mode Choice Mode | (Stratified by Agency Performing the
Travel Forecasting)
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Although a few agencies reported use of a triptaode choice model or a model based
on diversion curves or a regression model, almbst@le choice models are now either
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multinomial logit or nested logit. For large MPQ@siee-quarters of the HBW models and three-
fifths other purpose mode choice models are ndstgt

MPOs that have a New Starts/Small Starts prograat,cdonduct corridor studies, or that
model toll lanes are more likely to use a nesteit lImode choice model for HBW trips than
those that do not (see Figure 64). Such modelalarest essential if issues such as these are to
be analyzed in a four-step framework.

Figure 64: Percentage of MPOs That Use a Nested Log it Mode Choice Model for HBW Trips
(Stratified by Whether the MPO Has a New Starts Pro  gram, Conducts Corridor Studies, or Models
Toll Lanes)
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MPOs that model toll lanes are also more likelyse a multinomial logit mode choice
model for HBW trips than MPOs that do not (see Feggb).

Figure 65: Percentage of MPOs That Use a Multinomia | Logit Mode Choice Model for HBW Trips
(Stratified by Whether the MPO Models Toll Lanes)
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States that perform the travel forecasting on edfaln MPO are more likely to use
multinomial logit mode choice models for HBW trifhean when the MPO conducts its own
travel forecasting, but states are less likelyde nested logit mode choice models (see Figure
66).

Figure 66: Percentage of MPOs That Use a Multinomia | Logit Mode Choice Model for HBW Trips
(Stratified by Agency Performing the Travel Forecas  ting)
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There are many ways that the modes and submodssleosd in a travel forecast can be
represented in the travel models. Table 12 sumestlze frequency of occurrence of modes and
or mode combination in the mode choice models bgddrge MPOs. The models used by small
and medium-sized MPOs have similar patterns.

“Drive Alone,” “two-person auto,” and “local bustathe most frequently included
modes. “Rail” appears in approximately one-thirdref models. Where rail is used, it is
typically in a nested structure with walk to raildadrive to rail treated separately. More than
one-third of the large MPOs claim to treat “Walls’ @ separate mode and 25% list “Bike” as a
mode used in their mode choice model. Approximabely-third of the large MPOs reported
having a separate mode-of-access model (Figure 67)
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Table 12: Modes Used by Large MPOs in Mode Choice M odel (n=34)

Percentage of Agencies

HBW Other
Drive alone 74% 68%
Two person auto 62% 50%
Local Bus 56% 56%
Walk to local bus 53% 59%
Drive to local bus 50% 47%
Express/commuter bus 44% 38%
Three or more person auto 38% 29%
Walk 38% 38%
Walk to rail 35% 32%
Drive to rail 35% 32%
Light rail transit 35% 38%
Walk to express bus 32% 29%
Drive to express bus 32% 29%
Premium transit (generic) 29% 26%
Commuter rail 29% 29%
Transit (generic) 26% 29%
Bike 26% 26%
Two or more person auto 24% 12%
BRT 21% 24%
Auto (generic) 18% 15%
Auto passenger 18% 24%
Walk to premium 18% 24%
Three person auto 15% 9%
Drive to premium 15% 18%
Drive to other 15% 9%
Walk to other 12% 9%
Heavy rall 12% 12%
Other 9% 6%
Four person auto 6% 3%
Four or more person auto 6% 3%
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Figure 67: Use of a Separate Mode-of-Access Model
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Of the large MPOs reporting use of a mode choicdahanost reported applying
adjustment factors of some type, most often a bglerend variable (Figure 68).

Figure 68: Use of Adjustment Factors in Mode Choice Models
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Those MPOs that have New Starts programs or thdehioll lanes are more likely to
apply adjustment factors to HBW trips in the motleice model (see Figure 69)

Figure 69: Percentage of MPOs That Apply Bias Const  ants to HBW Trips in Mode Choice Models
(Stratified by Whether MPO Has a New Starts Program  or Models Toll Lanes)
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The time period of the impedances used in the ncbd&e models are generally as
shown in Table 13.

Table 13: Time Period of Impedances Used in Mode Ch  oice

Trip Purpose Time Period
HBW AM Peak
HBR Midday
Home-Based Service AM Peak, Midday, PM Peak
HBS AM Peak, Midday
HBCU AM Peak
HBO Midday
NHB Midday
HBW = home-based work, HBR = home-based retail, HBNR = home-based
non-retail, HBS = home-based school,
HBCU = home-based college/university, HBO = home-based other,
NHB = non—-home based, WB = work based

Managed Lanes

Possible use of a toll facility is treated as a enoldoice by approximately 15% of
medium-sized and large MPOs and by none of thel vRDs.

Of the MPOs responding, the cost of tolls is ineldidby most in trip distribution, mode
choice, and assignment. A few agencies (less th&),Ireported including toll costs in trip
generation (see Figure )l A pproximately 40% of the agencies respondindhi® question
indicated it was “Not Applicable” and a few sai@y'Don’t Know.”
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Figure 70: Cost of Tolls in Model Components
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Large agencies that forecast high occupancy ve(it) travel perform separate
assignment of HOVs (see Figure 71). Few small MB&3ggn HOVs separately.

Figure 71: Separate Assignment of HOV
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MPOs with New Starts/Small Starts programs, thataet corridor studies, or that
model toll lanes are more likely to assign HOVsasafely than those that do not have New
Starts/Small Starts programs, that conduct corstiadies, or that model toll lanes (Figure 72).
However, separate assignment of HOVs is largebsalt of MPO size (see Figure 71).

Figure 72: Percentage of MPOs That Assign HOVs Sepa rately (Stratified by Whether MPO Has a
New Starts Program, Conducts Corridor Studies or Mo  dels Toll Lanes)
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Stratification

MPOs with higher population growth rates are alswarikely to assign HOVs
separately (see Figure 73).

Figure 73: Percentage of MPOs That Assign HOVs Sepa rately (Stratified by MPO Growth Rate)
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MPOs that conduct their own travel forecastingracge likely to assign HOVs
separately than when the state performs the tfaxetasting on behalf of the MPO (Figure 74).
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However, this relationship is probably a resulMi®O size; large MPOs tend to perform their
own travel forecasting (see Figure 71).

Figure 74: Percentage of MPOs That Assign HOVs Sepa rately (Stratified by the Agency Performing
the Travel Forecasting)
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Trip Assignment

Almost all agencies assign highway trips. Most ageassign trips for only a single
time period, but many agencies, particularly la#jeOs, do assignments for multiple periods
(see Figure 75). Among small and medium-sized agsntraffic is typically assigned for a total
day, whereas for large MPOs, a morning or aftermmeak period assignment is the norm
(Figure 76).
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Figure 75: Number of Time Periods for Which Traffic Is Assigned
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Figure 76: Time Period for Which Highway Traffic Is Assigned
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Although the majority of MPOs assign highway trtaging the total day, those MPOs
with higher growth rates are more likely to asdigghway trips during the total day than MPOs
with lower growth rates (see Figure 77). This tielahip is likely a result of MPO size; MPOs
with higher population growth rates tend to havelsn populations, they are more likely to
assign highway trips for the total day (see Figigg
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Figure 77: MPO Assignment of Highway Trips by Time Period (Stratified by MPO Population

Growth Rate)
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MPOs that conduct their own travel forecastingless likely to assign highway trips for
the total day than MPOs for which the state corsltla travel forecasting (see Figure 78).

Again, this is a result of MPO size.

Figure 78: MPO Assignment of Highway Trips by Time Period (Stratified by Agency Performing the

Travel Forecasting)
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MPOs that model toll lanes are less likely to assighway trips for the total day than
MPOs that do not model toll lanes (see Figure TBis is a result of MPO size; MPOs that do
not model toll lanes tend to have smaller poputetjiavhich, as Figure 76 shows, is related to a
greater likelihood of assigning highway trips te total day.
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Figure 79: MPO Assignment of Highway Trips by Time Period (Stratified by Whether MPO Models
Toll Lanes)
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Transit trips are assigned by most of the large BIB@ by only 56% of the medium-
sized and by 34% of the smaller MPOs (Figure 80).

Figure 80: Agencies Assigning Transit Trips
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For almost all agencies, highway traffic is asstyaosing an equilibrium method (Figure
81). Few agencies were able to report the numbiemitions required to achieve closure in
equilibrium assignment or the closure tolerancelustany reported that they used the default
values of the software package. Few agencies hamiard equilibrium assignments to see
whether the results were stable, and none of thasgled reported problems such as those
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noted in studies conducted for the Fi#ssignment of transit trips (Figure 82) is typiyadl
single path method based on minimum time, weigbtathweighted, or impedance.

Figure 81: Highway Traffic Assignment Method
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¥ AECOM Consult, IncResearch on Highway Congestion Rek#brking paper prepared for Federal Transit
Administration, 2005.
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Figure 82: Transit Trip Assignment Method
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In approximately half of the agencies reporting time period used for transit
assignment was different than the time period disetighway assignment. Small and medium-
sized MPOs use the same highway network for ak fpariods in the day, although
approximately 45% of large agencies have differetivorks. When large agencies use transit
networks, they are almost always different netwdrksime of day (Figure 83).
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Figure 83: Use of Different Networks for Different Time Periods
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Most MPOs do not have different highway networksdidferent period of the day.
However, MPOs with New Starts/Small Starts prograimst conduct corridor studies, or that
model toll lanes are more likely than MPOs thandbto have different highway networks for

different periods of the day (see Figure 84).
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MPOs that conduct their own travel forecastingracee likely to have different highway
networks for different periods of the day than MAQswhich the state conducts their travel

forecasting (see Figure 85).

Figure 85: Use of Different Highway Networks for Di  fferent Periods of the Day (Stratified by
Agency Performing Travel Forecasting)
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MPOs with New Starts/Small Starts programs, thatlaot corridor studies, or that
model toll lanes are more likely to have differemansit networks for different periods of the day

than MPOs that do not (see Figure 86).

Figure 86: Use of Different Transit Networks for Di  fferent Time Periods (Stratified by Whether MPO
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MPOs that have New Starts/Small Starts programdlatdnodel toll lanes are more
likely to have station boardings or transit routkership figures available than MPOs that do not
(Figure 87).

Figure 87: Percentage of MPOs With Station Boarding s and Transit Ridership Data Available
(Stratified by Whether MPO Has a New Starts Program , Conducts Corridor Studies, or Models Toll
Lanes)
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Model Validation

Agencies were asked to report the number and ptiopasf the highway links, by
classification, for which traffic counts were awdile for use in validation. Table 14 reports the
number of responses received for all MPOs; Tablprésents the same information for large
MPOs. These data can be difficult to interpret. Barad medium-sized MPOs tend to have
counts available for more than 50% of freeway lindsereas large MPOs do not. For HOV
lanes, counts are available for either all or nealllof the links or for none of the links. Few
agencies have counts for more than 75% of theionaajerial links. For large agencies, it is
fewer than 50% of the links. For minor arteriatésgle agencies have counts on less than one-
guarter of the links. Also of note is that approately 20% of agencies, across the board,
responded that they did not know for what proparttd the network links counts were available.
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Table 14: Highway Links with Counts Available, All MPOs

Percentage of Highway Network Links for Which Valid  ation Counts Are
Available, All MPOs
100% | 75-99% | 50-74% | 25-49% | 1-24% 0% N/A l?r?(?v;[/

Facility Type Number of MPOs

Freeway 41 39 33 26 36 0 5 33
HOV lanes 8 4 3 3 9 6 125 23
Major arterial 11 22 58 49 34 0 1 35
Minor arterial 10 16 46 59 43 0 0 35
Collector 6 14 33 55 63 1 3 34
Local street 0 5 4 17 79 21 37 33
mileage

n=228

Table 15: Highway Links With Counts Available, Larg e MPOs

Percentage of Highway Network Links for Which Valid  ation Counts Are
Available, Large MPOs
100% | 75-99% | 50-74% | 25-49% | 1-24% 0% N/A I?r?c?v;[/
Facility Type Number of MPOs
Freeway 2 10 2 5 9 0 0 7
HOV Lanes 4 4 3 2 4 1 10 4
Major Arterial 1 2 6 9 9 0 0 7
Minor Arterial 0 2 4 11 9 0 0 7
Collector 0 2 3 6 14 1 1 6
chal Street 0 5 0 1 7 7 8 6
Mileage
n=36

Agencies of all sizes engaged in transit analyg®rted having passenger counts for a
high percentage of all transit types—commuter rail, express bus, and local bus (see Table
16).
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Table 16: Transit Passenger Counts Available for Va  lidation

Percentage of Highway Network Links for Which Valid  ation Counts Are
Available, All MPOs
100% | 75-99% | 50-74% | 25-49% | 1-24% 0% N/A l?r?(r;v;[/

Facility Type Number of MPOs

Rail Transit 7 6 0 1 2 9 148 15
Express/Regional 16 20 5 1 5 13 123 21
Bus

Local Bus 24 25 7 3 5 13 99 32
Commuter Rail 8 12 0 0 2 9 148 12

n=228

A basic test of the validity of the travel foregagtmodels is the percentage root mean
square (RMS) error when base year vehicle tripgiasd to the network are compared with
counts of traffic volumes. Agencies were askedrtwide information about the percentage
RMS error for the latest validation runs. Approxtelg half of the MPOs that responded to the
survey provided information approximately the higlyvassignment RMS error. As illustrated in
Figure 88a, 88b, and 88c, RMS error for all linksdes and major arterials tends to range from
20—-40% and from 0-30% for freeways.

Figure 88a: Frequency Distribution of Reported RMS Error -- All Link Classes
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Figure 88b: Frequency Distribution of Reported RMS Error -- Freeways
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Figure 88c: Frequency Distribution of Reported RMS Error — Major Arterials
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As illustrated in Figure 89, RMS error for all lickasses and major arterials tends to
have a 50th percentile value of approximately 3B&6.freeways, the 50th percentile RMS error
is 19%.

Figure 89: Highway Assignment RMS Percentage Error by Facility Type
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Only a few agencies used backcasting to a knowditon to assess the accuracy or
validity of their travel models (see Figure 90).

Figure 90: Use of Backcasting to Assess Model Valid ity
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Nonmotorized Trips

More than half of the large MPOs now report thatmotorized trips are part of their
model set. Few medium-size MPOs and almost no dvifads model nonmotorized trips (see
Figure 91).

Figure 91: Percentage of Agencies Modeling Nonmotor  ized Trips
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MPOs that have a New Starts/Small Starts prograat,cdonduct corridor studies, or that
model toll lanes are more likely to model nonmated trips than do MPOs that do not have
New Starts/Small Starts program, conduct corrigiediss, or model toll lanes (Figure 92).
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Figure 92: Percentage of MPOs That Model Nonmotoriz  ed Trips (Stratified by Whether MPO Has a
New Starts program, Conducts Corridor Studies or Mo dels Toll Lanes)
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MPOs that conduct their own travel forecastingracee likely to model nonmotorized
trips than MPOs for which the state conducts thedkforecasting (see Figure 93).

Figure 93: Percentage of MPOs That Model Nonmotoriz  ed Trips (Stratified by Agency Performing
Travel Forecasting)
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Truck Trips
Truck trips are modeled by approximately half olairand medium-sized MPOs and

almost 80% of large MPOs (see Figure 94).

Figure 94: Percentage of Agencies Modeling Truck Tr  ips
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A variety of methods are used to model truck trfggproximately 20% of the agencies

reported using a synthetic trip table; approxime®&% reported using a factoring procedure,
including Fratar. The remaining 55% reported usingother” method, generally a gravity

model.
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Figure 95: Methods Used to Model Truck Trips
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Recently, there appears to have been an interéstak trip modeling. Only
approximately 25% of the models are older thand#ry. Approximately half of the models
have been developed since 2000 (see Figure 96)agencies, however, model freight
movement. Only 12% of large MPOs and less than 2éther MPOs reported modeling freight.
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Figure 96: Year in Which Truck Trip Model Was Devel oped
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The use of feedback as a means to achieve consgisaemong the several components of
travel forecasting models has become more commdtmeaseed for such consistency has
become more apparent and as advances in compuativey pnave enhanced the ability to iterate
at reasonable time and cost. More than 80% of I&Hg©®s feedback times to trip distribution
and mode choice; more than 40% feedback congestiects to forecasts of land use and auto
ownership (see Figure 97).
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Figure 97: Feedback of Travel Times to Model Compon  ents
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Approximately 40% of medium MPOs feedback timemtude choice and distribution,
whereas 30% of medium MPOs feedback to trip digtidm. Only a few small or medium-sized
agencies feedback to land use, auto ownershipipageneration.

MPOs that have New Starts/Small Starts progranas citnduct corridor studies, or that
model toll lanes are more likely to feedback higinaad transit travel times in the trip
distribution, mode choice, or land-use steps thasé that do not have New Starts/Small Starts
programs, conduct corridor studies, or model tolels (Figure 98).

Figure 98: Feedback of Travel Times to Model Compon  ents (Stratified by Whether MPO Has a New
Starts Program, Conducts Corridor Studies or Models Toll Lanes)
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Stratification

MPOs that conduct their own travel forecastingracge likely to feedback highway and
transit travel times to the trip distribution, mod®ice, and land-use steps than MPOs for which
the state conducts the travel forecasting (seer&ig9).

FINAL DRAFT — June 5, 2007 Page 83



Figure 99: Feedback of Travel Times to Model Compon
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Activity- or Tour-Based Modeling Approaches
MPOs that have a New Starts/Small Starts prograat,cdonduct corridor studies, or that

model toll lanes are significantly more likely te working toward activity- or tour-based

approaches to replace existing models (see Fidiog 1
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MPOs that conduct their own travel forecastingase significantly more likely to be
working to replace existing models with activity-tour-based approaches than are MPOs for
which the state conducts the travel forecastinguifé 101).

Figure 101: Percentage of MPOs Working Toward Activ  ity- or Tour-Based Approaches (Stratified
by Agency Performing Travel Forecasting)
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Emissions-Related Modeling
More than half of all MPOs reported postprocessitegresults of forecasts developed
using the travel models so that the results coaldded with an emissions model (see Figure

102).
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Figure 102: Agencies Postprocessing Model Results f  or Mobile Source Emissions Analysis
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Refining model calibration, adding vehicle-milesti@vel (VMT) to account for traffic
on local roads that are not modeled, and using aithestments of link volumes, typically
developing estimates of traffic volumes by timelaf, are the most common adjustments (see
Figure 103).

Figure 103: Postprocessing Methods to Match Highway Performance Monitoring System
Data
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Many agencies also make adjustments for seasonatigas in traffic (see Figure 104).

Figure 104: Adjustment of VMT for Seasonal Variatio n
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Approximately half of the agencies that adjust éars traffic volumes and speeds as part
of the emission modeling activities use locallyided time-of-day factors (TODFs); 41% use
emission model default values; 6% use another proeg(see Figure 105).
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Figure 105: Volume and Speed Adjustment for Emissio  ns Modeling
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Approximately half of all MPOs that do emissionslysis do not stratify the assignment
of vehicle trips to the highway network by vehitfpe (see Figure 106). Of those that do stratify
by vehicle type in assignment, only approximatedif barry that stratification through to the
emissions analysis. Among large MPOs, use of tlagifséd assignment data is more common.

Figure 106: Use of Stratified Assignments in Emissi ~ ons Analysis
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FINDINGS OF IN-DEPTH MPO INTERVIEWS

Summary

In-depth data gathering, including interviews oy kPO staff and supplemental written
documentation provided by selected MPOs, offenglmis beyond those that could be gleaned
from the simple tabulation of survey data. Althoulga efforts could not be in sufficient depth or
detail to assess the degree to which the procedsezssby any agency produced accurate or
valid forecasts, they do offer a view of practiased or contemplated by at least some of the
more active MPOs. The methods and procedures séthgencies cannot be viewed as average,
typical, or representative of the practice of mMd&tOs. Rather, they are a snapshot of what at
least a few active agencies have undertaken. $etheading agencies find that the practices are
useful, practical, and lead to better forecasts ptfactices will likely be more widely adopted
and over time will be incorporated in the statehaf practice.

On the basis of an initial review of the broad dadkected in the web-based survey, the
panel requested that the in-depth survey focusfew ey topics. The findings of the interviews
on each of these topics are summarized as follows.

» Validation—True validation is hampered by a lackrafependent data sources. Even the
more active MPOs validate against the same dathtosgevelop the models. The only
independent tests are comparison of trip distrisuéigainst CTPP for work trips and
comparisons of assigned volumes, mostly highwayalaat transit where applicable, for
aggregate forecasts.

» Sensitivity analysis—Formal procedures for sengjtimnalysis are in use and are described
in the literature.

» Data cleaning or quality—Large agencies have d@esldormal procedures. Most of these
procedures have general applicability and coulddssl by others.

» Postprocessing—Postprocessing of assignments byshB>ddne mostly for air quality
purposes, although procedures for postprocessihgbivay assignments to yield improved
design volumes are widely available.

» Staffing and budget—Most MPOs appear to have bambyigh staff to carryout routine
operations. A few have budgets large enough to@ugpaff that can devote at least some
time to consideration or development of model invproents.

* Advanced practices—These include not only a mdjange in the modeling paradigm from
trip based to activity based but also incrememtgrovements to the trip-based four-step
process. Several practices were identified thairavse by MPOs included in these studies
that have the potential for more widespread apitina

» Barriers to improvement—Agencies repeatedly citeddesire to have it demonstrated that
new procedures, perceived as more complex or negwignificantly greater effort for
development and application, would yield forecéiséd are notably better than those
produced with currently accepted procedures. “Bettas not specifically defined, but the
implication was more accurate forecasts of demAndther factor in the adoption of
improved techniques is the availability of procextuin vendor-supplied software to
implement the technique.

* Perceived shortcomings of current methods—Many MR@Qdd like to have improved
procedures for addressing truck trips or freighvement. Agencies also recognize that the
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regional travel-forecasting procedures do not mtethe detail often requested for design
studies or impact analyses.

Overview

The initial stage of the MPO survey research ptojexs a quantitative, online survey
that all MPOs across the country were asked to ¢eteaph an effort to define the overall state of
the practice in regard to transportation demandetnogl To augment the quantitative responses
received from the first stage of the study, it wascluded that a second stage consisting of
gualitative, open-ended interviews with a numbeagdéncies was needed to expand on those
procedures that are “typical” and to probe for thtsat may be considered “advanced” but have
been attempted, are in use, or are under activ@dmnation by at least some MPOs. The MPOs
selected to be interviewed would not necessarilityggcal;” rather they were chosen to provide
insights into what was being achieved by agentiaswere known or rumored to be attempting
new approaches or were seen as being active iel lamand forecasting forums.

After discussions with the TRB committee, sevenaids were identified for which
further information, obtained by discussions withuanber of MPOs, would be desirable. These
topics included the following:

 Validation

* Sensitivity analysis

» Data cleaning or quality

» Postprocessing

 Staffing and budget

» Advanced practices

* Barriers to improvement

» Perceived shortcomings of current methods

The project team identified 13 MPOs or state agenas possible candidates for these
discussions. These agencies were selected on siseedfandications that they were engaged in,
or had been engaged in, developing or applyinggulaes that might be considered as
advancing the state of the practice, were activa@ganizations such as AMPO, or were agencies
that developed or applied travel-forecasting mot@isnultiple MPOs within a state. These
agencies were contacted by phone and e-mail. Shkesk agencies were visited and the
remaining agencies were interviewed via phone. Sageacies requested that their responses
not be specifically attributed. In an effort to f@ct the identity of the responding agencies,
specific agency names have been removed from soeishion.

In addition, each of the MPOs represented on thB p&hel was provided with a copy of
the guide prepared for the interviews with the ctelé MPOs. Those agencies were asked to
provide written responses on the basis of the ssposed in the guide.
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Table 1: List of Interviewed Agencies

In Person Interview

Phone Interview

Agency Geographic Region Agency Geographic Region
East West Gateway St. Louis, MO Atlanta Regional Atlanta, GA
Coordinating Council Commission (ARC)*

Mid-Ohio Regional Columbus, OH Chicago Area Chicago IL
Planning Commission Transportation Study

(MORPC) (CATS)*

North Carolina State of North Carolina | Community Planning Boise, ID

Department of

Association of Southwest

Transportation Idaho (COMPASS)
(NCDOT)
Ohio Department of State of Ohio
Transportation
(ODOT)
MetroPlan Little Rock, AR
Sacramento Area Sacramento, CA MetroPlan Orlando Orlando, FL
Council of
Governments
(SACOG)
Virginia Department of | State of Virginia Metropolitan San Francisco, CA
Transportation Transportation
(VDOT) Commission (MTC)*

North Central Texas
Council of
Governments(NCTCOG)*

Dallas—FT. Worth TX

Pike's Peak Area Council
of Governments

Colorado Springs, CO

Regional Transportation
Commission of Southern
Nevada

Las Vegas, NV

Metro

Portland, OR

* Agencies marked with an asterisk were not interviewed in person but did provide answers to the interview questions

in written form

This document specifically provides results of thegerviews, making note of practices

that are unusual, advanced, or offer other spetialest topics. In addition, validation,
sensitivity analysis, data cleaning, postprocesstajfing, and budget and barriers to

improvements were subjects explored in the disoussiThus, this document complements and

adds depth to the information provided in the doentmeporting the qualitative measures
obtained from the large web-based survey condunt&tiage 1.
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Validation

State of the practice: The “common practice” of thajority of agencies includes comparing
model results to household surveys, CTPP data amsaliyraffic counts, and on-board transit
surveys. “Exceptional practices” include backcagtifone agency) and sensitivity analysis
(three agencies), the use of aerial photos fordaing land uses and special purpose surveys
(such as airports, convention centers and visitstohations) to better validate trip distribution.
Formal validation thresholds, when they exist, temte limited to achieving the percentage
RMS errorthresholds for assigned link volumes compared wotmts established in FHWA
planning guidance.

Common Practice
Most agencies used a combination of four datasethéir validation efforts:

* Household surveys

* Census data (CTPP)
 Traffic counts

* On-board transit surveys

Household Surveys

Because households surveys are the primary dateesfar most model development,
assessing a model against household survey data #struly independent validation.

Many of the agencies interviewed reported usingestorm of household travel survey as part of
a model update or validation effort, although tingetiness of the data varied across agencies
from recent to old. For example, Agency 3 usedd@®house household survey that was
completed in early 2000. Likewise, Agency 10 condd@ household study in 2002 in which
1,800 households were interviewed. Typically, whata from a household survey are available,
they are used for new model estimation, rather thamalidation of the forecasts produced by a
previously developed model.

More recently, Agency 7 used a 2004 household taweey to verify the trip time
distribution for the model. In addition, frequenmyrves from the model were checked against
household survey data.

Agency 13 matched the output of the model agaihstsehold survey that was
completed in 1994 and updated in 1996. This ageadfied household characteristics, number
of trips per household, transit boardings, and Waghtraffic counts.

Many of the agencies stated that they were homrigrid a household survey update
within the ensuing year or two, although it wasremkledged that budgetary issues were a
concern and would play a large roll in determiniing actuality of this plan.

Census Data

CTPP data were used by most agencies interviewealiohating work trip lengths and
times. This package, based on data from the 2008uSe provides a comprehensive source of
data on commuters and commuting patterns (includimgber of vehicles available, travel time
to work, and household income, just to name a famables) at the TAZ, census tract,
metropolitan, county, and state levels.
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For example, Agency 10 and Agency 11 use CTPP wip% to validate trip distribution.
Agency 7 matches intracounty work trips to with bf CTPP census data and validated both
peak hour and total day outputs. It also matchedk wips to within 1.5% of the average length
of trip to work. Similarly, Agency 12 uses both 200ensus CTPP and the Public Use
Microdata Set (PUMS) data for validation. Agencyukgs CTPP for work trip verification.

There are no similar datasets that can be usedafiolation of trip lengths or trip
distributions for purposes other than work. Theibtatide Personal Transportation Survey
(NPTS) does have nonwork trip data, but the unaunggaesample size in any area is too small to
permit its use for validation.

Traffic Counts

Traffic counts are used by all agencies as parabfiation efforts. The data are to be of
varying coverage quality. For example, Agency 3usa&fic counts obtained from the state
departments of transportation, which cover appraxaty 50% of the interstate and arterial
network, but they do not have data for collectoloaver functionally classified streets. To
validate highway assignments, they use screen éinggjor geographical barriers as well as
attempting to match model output speeds with adtaael time runs developed using GPS data.

Agency 1 receives 24-hour historic count data ftbestate department of transportation
at several permanent locations. The MPO typicadljdates its model to these permanent counts
using weekday counts (Tuesday, Wednesday, and ddy)rsexcluding summer and winter
months because of volatile travel patterns. Becthesse permanent locations provide data at
only a small number of locations, average daily traffi§ADT) count book provided by the state
department of transportation is used as a secomdsoyrce to fill in links where no permanent
counting locations are available. Although the AEblunt book is not perceived as being very
reliable, it does provide “ballpark” data for thalidation effort, as the MPO tries to validate by
time period and ADT on the basis of absolute vah@ess functional and volume class. Thus,
only aggregate ballpark numbers are required. Meescline analysis is done.

Agency 6 has multiple pneumatic tubes establishedral the state that provide
historical count comparisons at many locations. estorical count information is not
available, it uses a “nearest neighbor” growth eetage. In addition, it has developed a
procedure for validating traffic counts at repreaaéwe locations rather than validating for every
link. The agency feels link level validation is ppopriate because it requires network and other
changes to force fit the link volumes to match.

Agency 10 has a yearly budget for collecting trafibunts and coordinates with the
county and city to get as much coverage as posashbileell as collecting turning movement
counts. It validates highway assignment on thesbafsiraffic counts.

Agency 11 uses 1,100 traffic counts collected leystate on a 48-hour basis. Many of
these counts were contracted out and not doneaby stiaff. The agency validates on the basis of
daily volumes.

Agency 9 has hourly bidirection traffic counts ealled by the state at ramps, at freeway
links, and along arterials. Link volumes are calteby tubes over a 7-day period. The agency
has a history of counts at many of the tube looatibat date back 15 years or more. It uses
traffic counts to validate to screen lines (withd227 screen lines being within £25%).

Agency 7 considers its traffic counts to be a sehof data with ramp volumes and
arterial and tube counts for most of the area.agency analyzed screen line validation and was
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able to get an 84% match. The areas in which teatgst variance between simulated and
observed traffic volumes were found were in ruraba that had low volumes.

Agency 12 compiled data for both daily and AM peeakiods from observed data
(obtained from the state department of transportathind calculated standard errors to provide a
range of valid values. Predicted volumes were caoatpagainst these ranges.

Agency 5 reported that it has a comprehensivewsiagetraffic counting program with
many permanent count stations throughout the staeagency uses this data and a traffic count
book for all state maintained roads to validate eted

On-Board Transit Surveys

Several of the agencies that were interviewed ddaee transit service used by choice
riders; therefore, they did not validate transivs®. However, if transit ridership were
validated, on-board surveys or a calculation ofrBivgs were used. For example, Agency 1
conducted an on-board survey obtaining a 12% saaigtansit riders. These data were then
augmented through the use of counters who tallalg dail boardings by station for the light-
rail mode, whereas bus ridership was obtained tiraliivers tracking boardings and alightings.

Some agencies do transit validation but do nothgat data from on-board surveys. For
example, Agency 11 validates transit assignmermdoyting the number of boardings on an
aggregated, by line, calculation. These data at&rdx through driver and station observer
methods.

Many agencies appear to use on-board surveys lidiatiag mode choice proportions
but do not validate the resulting transit ridersfoigecasts against counts. For example, Agency 2
validated mode choice by comparing household incantkan on-board transit survey but did
not count the number of boardings and alightingsaah individual stop location. Agency 10
also conducted an on-board survey in 2004 but dichagment those data with actual boarding
information.

Many agencies do not have formal validation thré&dd)dhowever, some type of check is
often in place. For example, Agency 3 relies otitunsonal memory of previously acceptable
levels to confirm validation thresholds.

On aggregate, agencies do not practice backcastowever, several mentioned either
implementing backcasting or attempting it on d tvesis. For example Agency 3 and Agency 10
are both considering doing a run for 2000 and camgat to 2005 forecast, and Agency 13 has
done so on an ad hoc basis.

Exceptional Practice

We found few examples of validation practices ttmild be considered exceptional. One
of the states has developed model validation stdsdhat are applied to the models of all MPOs
within that state.

Agency 10 is attempting to design, fund, and cohdoair passenger survey in an
attempt to better validate trip distribution anchgeation associated with a medium-sized airport
located within the region.

Agency 8 uses aerial photos to validate demogragtiiceconomic forecasts, which it
then distributes to local agencies.

Agency 12 does have certain logical checks in pla@nsure internal consistency such
as verifying that “employed persons” is less th@altpopulation, “average household size” is
reasonable, the sum of employment by employmenbiseatches “total employment” and the
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sum of acreage by land use does not exceed totd.dtalso informally evaluates forecasts by
producing county-to-county reports on trips by pigpose, review regional mode choice results
for every mode choice equilibration cycle, and egwvregional traffic assignments for every
mode choice equilibration cycle.

Agency 13 progresses through a pregeneration ntieaiemodels number of workers,
number of cars, number of children, type of dwelliaccessibility by transit, walkability, and
auto ownership by household.

Sensitivity Analysis

State of the practice: Two agencies interviewedehzgun dynamic validation—a term used by
a specific consulting firm—that involves changinge aspect of the system (e.g., inserting or
removing employment or residential units in sevewales, changing travel times) and then
analyzing the forecast changes in trip making, tigtribution, mode shares, and or congestion
of the network. These agencies also remove liks the highway network to determine the
impact across screen lines and individual linksatldition, specific aspects of the model are
tested in a small number of agencies, but the p@d$ not widespread and does not involve a
comprehensive, robust level of analysis. Agenbigsdo partake in sensitivity analysis appear
to do so on an ad hoc basis.

Agency 7 and Agency 9 perform both static and dynasalidation. Static validation was
discussed earlieDynamic validation is a form of sensitivity analysind involves congestion
impact analysis of the network after insertingemnoving employment or residential units in
several zones. If the network is affected as exgae¢hen the model is considered valid.
Dynamic validation can also include the removah dihk or the addition of a link to see how the
network reacts. It was not clear that any changa® wade as a result of the dynamic validation
tests.

Interviews suggested that many agencies do not h&wenal process for comprehensive
sensitivity analysis. However, there are severahgies of agencies practicing isolated
sensitivity analysis on subsets of the model. kamgle, Agency 11 does sensitivity analysis in
relation to transit forecasts by varying the trahsadway and fares while tracking the shifts in
mode shares. One of the agencies that providedmation for this review documented an
extensive set of sensitivity tests.

Some agencies do practice a more systematic agptoaensitivity analysis. Agencies 2
and 6 run the model for 2030 to get a sample datdahen adjust the 2000 base year model to
mitigate unrealistic outputs found in the 2030 rdar example, it was found that if wait time
limits for express bus service were modeled, tieréuyear transit share was not producing a
realistic market share; therefore, no limits ontiaies were used. This type of comprehensive
analysis appears to be sporadic on a nationwids.lev

Data Cleaning and Quality Control

State of the practice: Use demographic and econaonmtrol totals to verify that aggregate level
data are reasonable. Plots of networks are usa@vew coding.

The demographic data-cleaning efforts of most uikeved agencies did not appear to
involve the critical evaluation of data but rathiee acquisition of control totals from a credited
source and the subsequent building of consensdeaidion makers in the region regarding the
use of the acquired data. For example, Agency @ teshave a process in which the regional
decision makers would get together and “negotifiiegcasts. It has now moved to obtaining a
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control total from a local economist that does oegi forecasts up to 2030. These forecasts are
then reviewed and approved by a demographic agvsmnmittee before being distributed to
local agencies.

It is also common for the MPO to delegate datarttepand validation efforts to the
local municipalities. For example, Agency 2 doeshrave a “standard” for network checking.
However, it does have a formal quality assuran@@ifiyucontrol process during which all of the
independent variables (e.g., population, employmeaobme, school enrollment) are provided to
the local governments and verified at the locaéleVhese forecasts are then reviewed and
approved by the MPO board. Because of strong gwarnment control (home rule), it is very
hard for the MPO to allocate growth independeribocél government long-range plans. Other
agencies provide network descriptions to local agenfor review. These reviews, although they
relate to what facilities are included in the netiegoand the characteristics of these facilities,
may reflect a list of projects or GIS-based may rawt the actual coded networks.

Agency 13 has specific procedures for checking rhodigputs, but they are not written
down. Human error and data misspecification exeefgitional detail in model specification.

Several regions do (e.g., Agency 1 and Agency idyige a value-added step in the data
input process. Agency 1 is currently collectingarling, and screening both public and private
data in an attempt to move toward a point and paataset. This process involves the use of
control totals from the permit and planning depantirin obtaining a cross-classification of
household and forecasted populations.

Agency 10 plots travel times in concentric ring$ wom the Central Business District to
see if they make sense. In addition, the MPO wuiikis the local agencies to make sure the
demographic and economic forecasts from both agemaatch.

Almost all agencies indicate that they engage msestorm of quality control, but only a
few have formal, documented procedures. One ofatiger agencies has a written manual that
not only describes the overall process for preparaif travel demand forecasts but also
includes lists of specific factors that must beaktael in the various phases of developing
networks, applying models and testing alternatit%es.example, tests done to ensure network
accuracy are as follows:

» Compare the coded highway distance with the distaatculated by the coordinate system.

* List links where distances were not coded.

« List links where the facility types were not coded.

» For each level of service, summarize travel timesdistances on a district to district basis
and compare with previous year results.

* Visually check plots of the built/unloaded highwagtwork for inconsistencies in the number
of lanes and facility types.

* Visually check plots of the built/loaded highwaytwerk for links with no volume.

All agencies reported that they look over the rissol forecasts to make sure they appear
reasonable.

Postprocessing

State of the practice: Most agencies apply postgsemg only when needed for air quality
analysis.
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Many of the agencies that were interviewed do ppear to have postprocessing
standards or practices beyond basic levels to canfo air quality mandates. For example,
Agency 7 does not do any postprocessing. It sirgplgs users (e.g., consultants, local
municipalities) raw volumes and validation statistand lets the users decide if they want to
adjust volumes and speeds. It does, however, nroretacle emissions with MOBILE-6 on the
basis of tons per day and estimates VMT by funetiafassification.

Agency 9 does postprocessing of speeds for aiitgymirposes and plans to put in place
a system to refine future year forecasts on thislmNCHRP 253. Traffic count volumes are
not postprocessed. Agency 8 currently uses metthesisibed in NCHRP Reports 255 and 187
for postprocessing design volumes, and it alsoyaealtraffic volumes from the model output
along specific corridors, calibrating these voluroaghe basis of “believability>”

Postprocessing at Agency 11 involves adjustingydealffic volumes according to
current peak hour percents. The agency does netd&wmal process for design volumes but
does not use raw volumes obtained from the modélowt first reviewing them for what it
would consider “possible” volumes. It also takesydelumes from the model and looks at peak
hour percentages to see if they are in line wittheziher. The agency’s postprocessing efforts
are directed at providing for air quality conforynénalysis.

At Agency 1 and Agency 10, design volumes are posgssed by a consultant using
count data plus forecasted growth. Consultantsmbtdume growth percentage between
current model year and future model year and tipghyahe growth percentage to the current
traffic counts to obtain future year volumes.

Staffing and Budget

State of the practice: The average MPO has roughdyto three travel demand modelers and
spends an annual budget of approximately $150,6(8200,000, not including model
development. However, some agencies, mostly dmak, no modeling or travel-forecasting
staff and instead rely on the state transportagency. Conversely, some MPOs in larger
metropolitan areas have very large staffs. Mostareeported an increase in both staff and
budget over the last three years. Many of the nmeadiusmaller MPOs employ consultants to do
the majority of model development whereas MPOsstafiicentrate on the application of the
model. In many states, the state transportatiomageés responsible for development and
application of travel demand forecasting proceduissmost MPOs.

There was substantial variation in the answerkigduestion; however, the overall trend
indicated an increase in staff and budget allocapettifically for travel demand forecasting
tasks over the last three to four years. For exaypfency 3 has five staff people (two on
systems evaluation, one on data collection, andomvmodel development). Before 2003, the
agency spent few resources on travel demand mgdeleks; however, in the last three years it
has allocated between $200,000 and $500,000 doretaavel demand modeling.

Similarly, Agency 10 has seen a dramatic increasbha availability of travel demand
forecasting resources. In 2002, it had one fulketstaff modeler. Over the last few years, six

*N.J. Pedersen and D.R. Samdahl. National Codperidighway Research Report 255: Highway Traffiddr
Urbanized Area Project Planning and Design. Nali&®esearch Council, Transportation Research Board,
Washington, D.C., 1982.

®Various Authors. National Cooperative Highway &ash Report 187: Quick-Response Urban Travel Bsitm
Techniques and Transferable Parameters. Naticgsgdd®ch Council, Transportation Research Boardhivgten,
D.C., 1978

FINAL DRAFT — June 5, 2007 Page 97



additional staff members have been added to waekigally on travel demand models tasks.
This increase in staff is partly because of a ckandhe structure of the modeling department.
The MPO no longer attempts to develop a model batahconsultant do all of the development
work. Staff is then trained in how to use the mo8eidget for staff time is less than $500,000 a
year. The MPO staff does the majority of model agapion, although the consultants do the
majority of model development.

Agency 2 has six employees (one manager, two madeed three users that code and
run the networks) devoted to travel demand modelirajlocates more than $500,000 a year to
travel demand modeling, not including developmersts. The budget does include data
collection, model running, and data preparatiog.(&€emographic profiles).

As a state agency designated to provide modelingces for 14 of the 17 MPOs in the
state, Agency 4 has 10 staff persons devoted tehmgdand forecasting.

A number of the medium-sized MPOs interviewed, Bigency 1 and Agency 8, use
consultants to develop the majority of the modet. &ample, Agency 8 has one staff person, so
the majority of work, including the developmenttioé model, is done by consultants. The
agency allocates roughly $200,000 to $300,000 atpemodeling. Before three years ago, the
budget was closer to $100,000 a year.

Agency 11 has one person from the MPO and anotber the state who is devoted to
travel demand forecasting. Agency 11 uses its ressuto develop the model and the
consultants then apply it. The model is typicakyeloped in house and then distributed to
consultants for application in planning studiespAgximately $300,000 a year is allocated for
travel demand modeling in the region.

Agency 9 has three staff members, including a pralglanner who is in charge of
project management and land-use input, a senianpfavho does network creation and traffic
counts, and a GIS expert who prepares parcel landtuse data. The agency allocated
approximately $400,000 this year to model develaprtgowever, much of that money was for
consultants, because it did a new household swawdya mode choice update to the model. The
agency is planning to do an onboard origin-destinaturvey this year and is budgeting for
roughly the same funding.

Agency 7 has three staff members in the modelipgudment, although there are eight in
the entire transportation department. The agendgédits for $300,000 to $500,000 a year.
Historically it had been around $150,000, but #st three years the budget has increased quite
dramatically.

Agency 13 has 11 employees total in the modelimmpdenent and estimates a budget of
approximately $900,000 a year in model developraadtassociated tasks. It does use
consultants for some calibration and verificatiarveys as well as for oversight and transit
model structure development, but the MPO does wifasie development and application of the
model in general.
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ADVANCE PRACTICES

Barriers to Improvements

Most frequent responses: Not enough staff memberarty out advances in modeling
techniques and budgets not large enough to try mcke model development. Difficulty in
finding staff that are versed in development anpliaption of new procedures. No clear
demonstration that “advanced practices” will yieltiproved forecasts or will permit the agency
to address questions that now go unanswered.

The biggest barriers are, as always, staff and é&tudgnong the agencies from which
detailed information was obtained, those that amstractive in exploring advanced practice tend
to be those with the larger staffs. However, thibs¢ have implemented advanced practice do
not have unusually large staff and have reliedarsaltants for development of new procedures.

Staff training time was cited as an impedimenttplementation of new procedures.
Agency 10 observed that political issues are aadlaoncern. Constituent agencies and
consultants in Agency 10’s region did not trustdlemodels. So agency staff, consultants, and
elected officials all required training in the nevadel to feel comfortable with it. The goal of the
training from the MPQO’s viewpoint was to have d#lseholders understand how to use the
model and its capabilities, thus ensuring politeateptance of model outputs.

In addition to staff, budget, and political issutb® investment in previous models also
appears to be a common barrier to improvement.régien put significant resources into the
development of their current four-step model, sois not plan to invest in another model
structure anytime soon. Another agency reportetitivavested considerable time and money in
development of an activity-based model, which wegen completed or used in production.
Ultimately, a traditional four-step model was admpfor use by this MPO, and it is hesitant to
repeat the process of developing a tour- and &gbdased model for fear of wasting resources.

Multiple agencies mentioned that they would not mmbbem a validated four-step model
to a more complicated and data-intensive tour-basedel until it was proven that the new
model structure would produce better results. Kkangle, Agency 13 is contemplating an
advance to a tour- and activity-based model franmkewaut the model must be practical. The
agency believes that the current set of activitglet® are complicated and have not proven to be
better than the traditional four-step process.

There is also a concern that if a new model prosluadically different results than the
previous model, any projects that were justifieshgislata from the previous model may be
called into question.

Practices of Special Interest

State of the practice: One of the interviewed agenbas recently developed and is using an
activity-based model set. Two of the agenciesvigered had previously developed tour-based
models but abandoned the effort because of pdliicd budgetary reasons. Most agencies do
not appear interested in developing activity-basetbur-based models at this time, choosing
instead to concentrate resources on further refieinof the traditional four-step model.
However, several agencies are initiating major gff@o develop an activity-based model. In
addition, agencies appear to be interested in, afbeimpting to develop, truck models and
special generator models.
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Activity- and Tour-Based Models

The current literature and practice suggest treatthrent emphasis in advancement of
the development of travel demand modeling will e ddoption of tour- and activity-based
models. As noted, several agencies have triedvteldie tour-based models, but they have
abandoned the effort for a variety of reasons,rtgwgeto the traditional four-step model. Other
agencies have developed and are using for plammdgnalysis tour- or activity-based models.
For example, one of the MPOs had used a tour-baselé| developed in the 1990s. However,
local decision makers could not reach consensusdayy validity of model results, so it was
shelved, and the current three-step model was olgeeél They are now considering integrating
land-use and GIS functions with the model to predoetter graphics and operational functions
(e.g., signal timing, ramp metering) for public riiegs and to better reflect operational changes
to the network on a regional basis. Agency 2 hesnity implemented an activity-based model.
Agency 6, Agency 1, and Agency 12 were the onlgaragencies that specifically stated they
were actively in the process of attempting to adean an activity- or tour-based model. The
City of San Francisco has developed and is usiractvity-based model.

Agency 2 reported that the previous model was notiging acceptable forecasts for
projects under consideration, including a propdsaaksit New Starts project. A new model was
required. The request for proposals for developimgnproved model originally contemplated
an improved four-step procedure. The decision f@ement an activity-based model was based
on a recommendation by the selected consultingdimchencouragement by FHWA and FTA.

The new model has only recently become the “pradntimodel, and the agency is still
evaluating the results. It was a bit disappointethe length of time it took to get the new
activity-based model developed and in applicataithugh there is no certainty that a standard
four-step would have been in place in any shomee) The agency also noted that the effort
required to implement the model was significantiyekcess of the budget, although these costs
were absorbed by the consulting firm. There areeors that agency staff members do not
know the computer language used to implement theitgebased model, and this may become a
problem if the agency wishes to make changessdt fahds the running times for the model to be
excessive.

Improvements to Four-Step Models

To provide more robust four-step models, severaheigs are developing specific model
improvements. For example, Agency 10 is contempudeadieveloping a special trip purpose that
will better reflect military trips. Military persai in the region gather at specific locations for
early morning physical training, return home towhoand get ready for the work day, and then
make another trip to the work place. Along the sadea, Agency 2 region is interested in
developing a model for university student tripseAgy 8 is attempting to develop an airport
model as well as refine a visitor model that wiktlude special generators such as large tourists
draw venues and the convention center.

Assignment

The agency responsible for development and appitaf travel demand models for
many regions in one state under study has adoptsthadard practice some procedures that are
not widely reported by others. These include theeafsa function that is a linear combination of
time and distance for highway path determinatioth @asignment and the use of a function that
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accounts for both intersection delay and link détaycapacity restrained assignment. Because
of use of the intersection delay function, the agdmas reverted to use of iterative capacity
restraint rather than equilibrium assignment.

In spite of the practical problems that have beaedwith equilibrium assignment, few
of the agencies expressed concern, felt that gigrasents required an excessive number of
iterations to converge, or had investigated whethieh problems were arising in their
applications. In this vein, none of the agencigored that they were experiencing
supersaturated networks (i.e., assignments in whielldlemand far exceeds the capacity).

Freight or Truck Modeling

Several agencies mentioned the need for additiomeit data and the development of a
truck model, including Agency 8, Agency 7, Agen®y &nd Agency 6. Many of the same
agencies also mentioned integrating microsimulagmitware packages with the regional travel
demand model to provide better graphics for pumléetings. Agency 12 has been using a truck
model since the early 1990s; however, it is owdaie and not very reliable because it is a blend
of consultant-estimated models and borrowed mddats other regions (most notably the
Phoenix area). Agency 6 has developed a truck nthdels run for both trip generation and trip
distribution segments of the model. Trucks thattased (garaged) in certain TAZs provide the
production and attractions for commercial vehickdative to the entire area. A regression
equation based on employment is then added intartakysis to predict truck demand in the
future. The data are based on a 1994 survey, ctediuta different MPO area within the same
state that separated commercial, auto, and trygk $eparately. In addition, Agency 6 does
external truck forecasts on the basis of histotigalds. Agency 11 developed a three-step truck
model using coefficients barrowed from a modellralied in Vancouver, British Columbia.
Agency 13 uses a truck model developed on the basigort survey.

Although none of the agencies interviewed has implda truck and commercial vehicle
model based on a seed matrix and counts of obsgeredles, such a procedure has been
developed and applied by the Baltimore Metropolfauncil and several other agencies. At
least two of the agencies interviewed expresseaniant in developing a similar procedure.

Other

Agency 2 developed a population synthesizer thidated to census households by both
size and income according to geography. Destinatmice was used for HBW trips and was
based on census distributions.

Agency 7 has been developing growth scenariosnasydo deal with growth
management issues and is in the process of tesfiegdback loop for later addition in the trip
assignment step of the model. School trips arecbasen enrollment boundary (only in
distribution), with future schools and capacityngemodeled by working with school boards to
obtain a reasonable representation of projectedatdu infrastructure. The region has set aside
budget for a freight study, and it is hoping thieimation gathered can be used to form a truck
trip model.

Agency 9 has a visitor model currently in use; hesveit wants to update the inputs
because the survey used was conducted in 1996:i3ite model combines many visitor trip
generations in the mode choice step but breaksipwgeneration by type of visitor in the trip
distribution step. Essentially, trip generatiomasnputed for many different types of visitors.
The agency also validates traffic assignment bysduljg link capacities according to green time
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per movement at intersections in aggregate by imm&k class. It also adjusts free flow speed in
the resort area.

Agency 12 is using GIS to analyze point-to-poirgtainces and travel times from a travel
survey completed in 2000 in trying to better estargppropriate zone-to-zone travel times for
nonmotorized trips. The agency also uses a “peddadpig model” that alleviates some of the
problems associated with oversaturated networkenfg 12 has also incorporated a work trip
departure time choice model that it believes igygrovement over simple TODFs. In addition,
it has a transit/auto accessibility variable in @laéo ownership choice model and has conducted
a substantial amount of research on speed/flowesufihe agency reports that it no longer
requires speed postprocessing for either artesidieeways.

Agency 6 has used home interview survey data dellieat one smaller MPO to inform
the calibration of a model at another similar MA®@e resulting model validated very well. It
intends to extend this approach to other small MiPQise state.

Agency 6 has developed a technique to convert pergis to auto trips for smaller
MPOs, which do not have many choice transit ridégency 6 currently uses simple growth
factors to estimate future external—external artdreal—internal trips. It hopes to integrate
regional and exurban land-use forecasts for extentarnal trips.

Agency 5 is working to standardize all of its madahd have them all use one software
platform. The plan is for the state to develomatidels and have a planner at each MPO apply
the models. One MPO, under Agency 5 supervisigmrted that it has been using a toll model
for a number of years and that it has worked wakmforecasting volumes on the toll facilities
in that area.

Agency 1 has developed a land-use modeling proedtiat is a GIS web application that
lets users either in the office or in a public waltép make changes to a parcel-based land-use
scenario and produce a number of indicators to shewprobable impacts of land-use
developments. It has been very useful for devetppiture land-use scenarios and generating
public input and acceptance of future land-use@tes. The agency is currently undertaking a
process to integrate this land-use modeling praeedith its travel-forecasting model.
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Determination of the State of the Practice in MPO Survey
Metropolitan Area Travel Forecasting

“BMISG TIRES
-"f-'f””f“”f-l' DETERMINATION OF THE STATE OF THE PRACTICE
Project:37761.00 IN METROPOLITAN AREA TRAVEL FORECASTING

Agency L.D. and Contacts
MPO Name

Metropolitan Area Served

Mailing Address

Executive Director

Phone Number Extension
E- mail

Travel Forecasting Manager

Phone Number Extension

E- mail

Name of "Survey
Respondent"” (Name of the
person responsible for
providing information in this
survey)

Agency by which Survey Respondent is employed

Position/Title of Survey Respondent
Phone Number Extension
E- mail

MPO Web Site

General Description of MPO

1. |States participating in MPO
I [T [T [T
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

[ |Alabama [ |Alaska [ |Arizona [ |Arkansas
[ |California [ [Colorado [ [Connecticut [ |Delaware
[ |District of Columbia [ |Florida [ |Georgia [ |Hawaii

[ |ldaho [ |lllinois [ |Indiana [ |lowa

[ |Kansas [ [Kentucky [ |Louisiana [ |Maine

[ [Maryland [ [Massachusetts [ [Michigan [ |Minnesota
[ |Mississippi [ |Missouri [ |Montana [ |Nebraska
[ |Nevada [ [New Hampshire |[ |New Jersey [ |New Mexico
[ [New York [ |North Carolina [ [North Dakota [v [Ohio

[ |Oklahoma [ |Oregon [ |Pennsylvania [ [Rhode Island
[ |South Carolina [ |South Dakota [ |Tennessee [ |Texas

[ |Utah [ [Vermont [ |Virginia [ [Washington
[ [West Virginia [ [Wisconsin [ [Wyoming

2.How many political jurisdictions are voting members of your MPO? 4

Names of major cities participating in MPO

4.MPO Area in Square Miles 646.86

5. |Is this a Transportation Management Area?
() |Yes
@ |No
6. [Does your metropolitan planning area contain an urbanized area population over
200,0007? [Note: This is not exactly the same as a TMA]
(" |Yes
@ [No
7. |At any time prior to May 1, 2005, was any portion of the MPO area non- attainment or
maintenance for the following:
Yes No
Ozone @ F
co -
PM10 F F
PM2.5 @
NO2
7A.[If a portion of the area was designated non-attainment or maintenance for Ozone
was it Serious or worse?
(' |Yes
(@ |No
7B.|If a portion of the area was designated non-attainment or maintenance for CO was it
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

Serious or worse?

(|Yes
(|No
8. [Has it been necessary to modify the travel forecasting procedures in order to
conduct analyses related to Air Quality?
(" |Yes
@ |No
9. |Is a transit New Starts or Small Starts project in progress or contemplated?
() |Yes
(@ |No
9A.[If a transit New Starts or Small Starts project is in progress or contemplated, have
you had to modify the travel forecasting model set for use in New Starts or Small
Starts planning?
@ |Yes
(" |No
10. |Is a major freeway/expressway corridor study in progress or contemplated?

@ |Yes

() |[No

10A.|If a major freeway/expressway corridor study is in progress or contemplated, have

you had to modify the travel forecasting model set for use in corridor planning?

() Yes

No

|_(-;| (

11.

Which agency performs the travel forecasts for the long-range plan and conformity?

MPO (in-house)

State What Department ?

County

Municipality

Consultant

T =TI

Other (Please specify)

12.

Is a travel demand model used to develop travel forecasts for the long-range plan
and conformity?

@ |Yes
() |No

13.

In addition to the travel demand model set used for long-range planning and
conformity analysis, are other travel demand models used for other purposes?

(7 |Yes

(@ |No

14.

Have you used a microsimulation or other operations model for a planning study in
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

the last three years?

) [Yes

' [No

14A.

Has a microsimulation or other operations model been used by your agency (or a
consultant working in your agency) for a planning study in the past three years?

TRANSIMS

CORSIM

VISSIM

PARAMICS

T

AIMSUN

Other (Please specify) SYNCHRO

<]

Area Descriptors
IMPORTANT NOTE: FOR THE REMAINING QUESTIONS IN THIS SURVEY, PLEASE PROVIDE RESPONSES
FOR THE TRAVEL DEMAND MODEL SET USED FOR LONG RANGE PLANNING AND CONFORMITY ANALYSIS

15.

Does the area included in the travel model cordon include the entire MPO area?

2 [Yes

No

15A.

Are areas outside the MPO area included in the models cordon?

@ |Yes
~No

16.

If the MPO contains a nonattainment or maintenance area whose boundaries extend
beyond the MPO, does the travel model include the entire
nonattainment/maintenance area?

() |Yes
@ |No
o A
17.|List the current and forecast year(s) total demographics of the MPO region.
Demographic |Current Current Forecast Forecast
Year Year Year Year
Value Value
Population* 2000 117568 2030 150286
Households | 2000 45206 | 2030 58198
or Dwelling
Units*
Employed 2000 58898 | 2030 85413
residents*
Employment 2000 60831 2030 76180
(Jobs)*
*if more than one forecast year, choose data from the forecast year for the Long Range Plan

18.|List the current and forecast year(s) total demographics of the area within the model
cordon.
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

Demographic |Current Year Current Year |Forecast Year Forecast

Value Year

Value

Population* 2000 1443539 | 2030 1963713
Households 2000 574461 | 2030 830754
or Dwelling
Units*
Employed 2000 766363 | 2030 1270102
residents*®
Employment 2000 815088 | 2030 1223168

(Jobs)*

*if more than one forecast year, choose data from the forecast year for the Long Range Plan

Data Forecasts

What demographic and socioeconomic parameters are used in any portion of the
model? Choose all that apply.

Trip Generation

Trip Distribution

Mode Choice

Population

Households

Housing type/ condition

Labor Force or workers

Jobs or employment

Vehicle Ownership

Household Income

Household Size

Workers per Household

Employment Density

Population Density

Household Density

Area Type

Parking Cost

[N T IS I<T) < {I<T{I<T| =TT (1< { <]

[N TS I<T) T {[<T{I<T| =TT < { <]

[N T ST T < I<T| =TT <<

Walking/cycling suitability

measure or index L L4 L4

Other* F F F

*List all not shown in the box below

19A. |[For the demographics listed below, who performs the forecast?

Demographic MPO (inhouse) State Consultant Other*
Population v F F F
Households v F F F
Employment 2 r F F
Household Income v F F F
Vehicle Ownership v F F F
Other Parameters F F F F

*Please specify in the box below
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

School Enrollment

19B.|For the demographics listed below, what methods are used to prepare the regional

forecasts?

. Bottom-u, Top Down Woods anc_i , Don't "
Demographic Modelit# P Mo,::Iel@@ ggglieor similar Know Other
Population F 2 r | .l
Households F v F .l i
Employment rF 2 F F .
Household Income || 2 F F F
Vehicle Ownership | [ v F F F

*Please specify in the box below

political jurisdictions, traffic analysis zones, etc.) and then aggregated to yield regional
totals.

@@“Top Down” means that forecasts are made for larger geographic units (e.g. entire
State, sub-state planning districts, etc.) and the allocated to sub units such as political
jurisdictions or local planning areas.

##“Bottom-up” means that forecasts are prepared for small areas (e.g. planning districts,

For the demographics listed below, how are the data allocated to traffic analysis

19C. zones?
Model based on Master Based on
Demographic |Negotiation |available area or Plan / current Other*
holding capacity Zoning distribution
Population F v F F
Households 4 v F F
Employment F 2 F F
Household
Income 2 L
Vehicle
Ownership 2 L
*Please specify in the box below
20.|What data sources are used for model development? These are the data used to

explore functional relationships and estimate the model coefficients, not data used
to validate the model.

Trip Trip Trip

Generation Distribution Mode Choice| Assignment

Decennial Census
Summary File 1 4 4 4 4

Decennial Census
Summary File 3

Planning package

Census public use
micro sample

|: F F F
Census Transportation C F F F
|: F F F

National Household
(Travel) Survey - NHS
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

or NHTS

F

Household travel
(home interview)
surveys

K]

<1 (M
<1 (M

Stated preference
surveys

=

Roadside Interviews

<

<1 I

License Plate
matching surveys

Cordonline surveys

Screenline surveys

Traffic Counts

Transit on-board
surveys

BRI

<P T e

Other*

=

RIERR IR

=

CH (P e e e e

*List all not shown in the box below

21.

What year was the last household travel survey conducted? 1999

22,

What was the method used for the household survey?

[ |Face-to-face interview

Telephone interview

i. Previous Solicitation

1. By Mail

2. By Phone

<

3. None

ii. Diary Provided

1. Yes

a. Full trip recording

b. Reminders only

2. No

.Diary returned by mail?

1. Yes

2. No

T T

Others (Please specify)

23.

Were the household survey data:

(> |Trip

based

(_ |Activity based

@

Other (Please
” [Specify) .

24.

How many valid responses were obtained for the household survey (unlinked trips)?

Households | 9995

Persons

13524
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Determination of the State of the Practice in MPO Survey
Metropolitan Area Travel Forecasting

25. (What percentage of households did this represent? 76 %

26. |Were the household survey data:
Weighted and expanded

D@

Used in Disaggregate form only
() |Both

27.|What year was the last stated preference survey conducted? - Select One -

28. |What was the method used for the stated preference survey?

29. |How many people were surveyed for the stated preference survey?

30.|What was the response rate for the stated preference survey? %

What percentage of the total population did the stated preference survey represent?
31. %

Planning Issues and Model Uses

32. |When was the Long- Range Plan updated? 2004
What is the name of the current version?
2030 Transportation Plan

33. [How often is the Long-Range Plan updated?

(_ |More often than every three years

Every three years

_:'l |6|

Every four or five years

J |Every six or more years

34. |When was the travel demand model set last updated? (Report year | 2004
updated model set was first used).

Note: Please use judgment in responding to this question. By “updated”
we do not mean minor adjustments such as subdividing a few TAZs or
adjusting speeds on the network. We mean changing the functional form,
coefficient values or rates for some component of the model; adding a
new submodel (e.g. auto ownership) or something similar.

34A.|What componenets of the model were updated at that time? (check all that apply)
Four Step Model
Trip Generation - Productions

Trip Generation - Attractions

Trip Distribution
Mode Choice
Highway Assignment

T
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

Transit Assignment

Post-processing for speeds

Post-processing for design volumes

Emissions Analysis

<

Conversion from Four Step to other model form

34B.

Is this most recently updated model set documented?

Yes

:'l |_é\

No

() |Partial

35.

How many TAZs are in the modeled area? (i.e. excluding external stations, how many
rows and columns are in the trip tables?) 1805

36.

How many external stations are there? 72

37.

How many links are in the highway network? 25000
(Count A->B and B->A, if 2-way roadway, as one (1) link. If divided roadways are coded A-
>B with reverse as C->D, count as two links. Estimate if exact count not available)

38.

How many nodes are in the highway network? (estimate if exact count not available)
9983

39.

How completely do the networks incorporate transportation facilities? Please check
your best estimate of the percentage of the facility mileage coded in the network.

100% | 75-99% | 50-74% |25-49% | 1-24% 0% | N/A
Freeway @ | C c |[c]«

HOV lanes €

O @ |1

Maijor arterial

:'l |6|

Minor arterial # @

Collector @

Local street mileage @

Rail transit

Ol@ IOIO|C

Express/regional busl

Local bus

( :| |_é| (@) |

0

Commuter Rail

del Validation

40.

When was the current model validated? (specify year validation was
completed) 2004

41.

What was the validation year? (The year for which model “forecasts” were compared
against observed data) 2000

42,

How often is the model validated?
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MPO Survey

Page A-9


RRoisman
Rectangle

RRoisman
Rectangle

RRoisman
FreeText
Page A-9

RRoisman
FreeText
Determination of the State of the Practice in Metropolitan Area Travel Forecasting

RRoisman
FreeText
MPO Survey

RRoisman
FreeText
FINAL DRAFT -- June 5, 2007


Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

Every year or two

Every three years

Every four or five years

Every six or more years

Never

|_é| L1t 11l :] ( :] |_:]

Other (Please specify) 10 years with miny

43.

What data sources are used for model validation?

Trip
Generation

Trip
Distribution

Mode
Choice

Trip
Assignment

Decennial Census Summary File 1

Decennial Census Summary File 3

Census Transportation Planning package

Census public use microdata sample

National Household (Travel) Survey NHS or
NHTS

Household travel (Home interview) surveys

<1 (P

<1 (P

Stated preference surveys

Roadside Interviews

License Plate matching surveys

Cordonline surveys

Screenline surveys

Traffic Counts

Transit on-board surveys

Transit Counts

Boardings and Alightings

Other *

RN

RN

CT{IH NPT 1 e e e ey ey e

REENERIRIEE R

*List all not shown in the box below

44,

that apply.

When the current model was validated which components were validated. Check all

Final Model Results Only (e.g. counts vs. assigned volumes)

Trip Generation (separately)

Trip distribution (separately)

Mode Choice (separately)

Highway Assignment (separately)

(<[] <T}I<T{[<]{]

Transit Assignment (separately)

Trip Generation

45.

@ Total day

What is the time period for the trip generation model?

) decimal format - i.e. 6:30 = 6.5)

AM Peak period or peak hour* : Time

AM to

AM (enter time in
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

PM Peak period or peak hour* : Time PM to PM (enter time in
) decimal format - i.e. 6:15 = 6.25)

*Please specify any additional comments below

46.

What trip generation approach is used in the model?

Trip-based Productions and Attractions

Trip Based Origins And Destinations

Tour-based

Activity-based

KT

Other (Please specify)

47.

What trip types are represented in the trip generation models? Pick categories that
most closely represent trip purposes in your MPO’s process, even if names are
slighly different. Choose all that apply.

Home based work

Home based retail

Home based non-retail (service)

Home based school

Home based College/University

Home based other

Non-home based

Work based

Trucks

Commercial vehicles

Taxis

Other*

KT T I<T <]

*Please specify in the box below

Home based other = escorting, maintenance, discretionary,
eating out (trip types)

48.

What unit of travel is used in the model?

Vehicular Motorized Total
Trip Type trips person trips |person trips| Tours Other*
Home based work @
Home based retail € @
Home based non-
retail (service) - - - - -
Home based school @
Home based @
College/University - - - = -
Home based other & @
Non-home based
Work based € @
Trucks @ € €
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Metropolitan Area Travel Forecasting

Commercial vehicles

)| (@)

Taxis ( (

*Please specify in the box below

49.|What is the form of the production model?
Cross-Classification
Household Housing
Trip Type Income size Workers/HH |Auto/HH |Location |Density| Type |Other*|Regression |Other*
Home based work| [ [ F F F F F F v i
riomo based C C C i A e I el s Bl N ) C
Home based non-
retail (service) _d _d _d _d _d _d _d _d _d _d
H based
sonoc) ooe C C C C C C | C | C 2 C
Home based
College/University _d _d _d _d _d _d _d _d _d _d
Home based C C C C|Ec|c|E|CE v C
Non-home based | [ F F F F F F I . .
Work based . . . . . . . . v .
Trucks i F F F i i F i v i
C ial
piiitiodas 4 C C C 4 C | | 2 4
Taxis F F 4 _d 4 4 . 4 4 C
*Please specify in the box below

50.|What is the form of the attraction model?
. Based on
Trip Rates Mathematical linear
Trip Type ITE Other |  function regression |Other*
Home based work F i F v 4
Home based retail F v F
Home based non-retail
(service) 4 L 4 L 4
Home based school F F F v F
Home based
College/University _d _d _d 2 _d
Home based other F F F v F
Non-home based F F F F F
Work based F F F v F
Trucks F F F v .
Commercial vehicles F F F v F
*Please specify in the box below
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Determination of the State of the Practice in

Metropolitan Area Travel Forecasting
51.

Are productions and attractions balanced prior to trip distribution?

Trip Type

Yes

Home based work

Home based retail

Home based non-retail (service)

Home based school

Home based College/University

Home based other

Non-home based

( :] L1t 11l :] [ :] [ :] |_é|

Other (Please specify)

52.

How are the productions and
attractions balanced?

Trip Type

Normalized
to
Productions

Normalized
to
Attractions

Average of
Productions
and
Attractions

Other*

Home based work

Home based retail

Home based non-retail (service)

Home based school

Home based College/ University

Home based other

Non-home based

RIEINEEREER

CHEH T

CHEH T

T

Other (Please specify)

Trip Distribution

53.

Does the model distribute:

Trip Type

Person

Trips

Vehicle Trips

Other*

Home based work

K]

i

.

Home based retail

Home based non-retail (service)

Home based school

Home based College/University

Home based other

Non-home based

Work based

[T <T

Trucks

Commercial vehicles

RIS

RIEEEEEE

* Please specify in the box below

|54.|What time period impedances are used for the trip distribution model?
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Determination of the State of the Practice in

Metropolitan Area Travel Forecasting
AM Peak period |PM Peak period (Mid-day or off-| Evening and

Trip Type Total day or peak hour* | or peak hour* peak night
Home based work @ F F
Home based retail @
Home based non-retail
(service)
Home based school @
Home base_d _ @
College/University =
Home based other @ F
Non-home based € F
Work based O €
Trucks O
Commercial vehicles @

6.5)

6.25)

*AM Peak period or peak hour Times: 6.5

*PM Peak period or peak hour Times: 3.5

*Please specify any additional comments below:
Dest choice also has logsums from various time periods for various purposes -

AMto 9.5

PMto 6.5

AM (enter time in decimal format - i.e. 6:30 =

PM (enter time in decimal format - i.e. 6:15 =

MPO Survey

FINAL DRAFT -- June 5, 2007

55.|What is the form of the trip distribution model?
Gravity Destination Intervening Direct
Trip Type Model Choice (Logit) Opportunity Fratar Demand Other*
Home based work @ F F
Home based retail @ F F
Home based non- ~ ~
retail (service)
Home based school O F F
Home based ® ~ ~
College/University =
Home based other O F F
Non-home based F F F
Work based € O F F
Trucks O F F
Commercial vehicles O F F
*Please specify in the box below
56.|What is the trip impedance measure?
Travel | Travel Logsum| Time
time |distance |Combination |Combination| from plus
over the |over the | of highway | of highway | mode cost
highway |highway | time and and transit | choice | over
Trip Type network |network | distance time model |network |Other*
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

Home based work

Home based
retail

Home based non-
retail (service)

Home based
school

Home based
College/University

Home based
other

Non-home based

Work based

Trucks

[ ] \_él ( :]

@) | :] ( :]

Commercial
vehicles

~ —~

*Please specify in the box below
logsum from time of day choice model

57.|Are adjustment factors (K-factors or something similar) used in the distribution
model?
Yes — constants
Yes - K- Yes - time (in destination Yes —
Trip Type factors penalties choice model) other No
Home based work F F v F F
Home based retail F F v F F
Home based non-
retail (service) 4 4 4 4 4
Home based school F F v F F
Home based
College/University L L 2 L L
Home based other F F ¥ F F
Non-home based F F F F F
Work based F F v F F
Trucks F F . F v
Commercial vehicles Fi F Fi Fi v
58.|To what percent of total TAZ to TAZ interchanges are K-factors applied?
75- |50- |25- 11- 5- Don't
Trip Type 100% |99% |(74% |49% (24% |10% |(<5% |0% |N/A |Know
Home based work C |@
Home based retail F F F F F F) F F @ F)
Home based non- - - - - - - - -
retail (service) - - - - - - - - - -
Home based school | F F F F F @
Home based College/| - - - - - - ®
University - - - - - - - - - -
Home based other € € € € € € O | @
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Non-home based

Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

Other*

*For others, please describe below

58A.

penalties applied?

To what percent of total TAZ to TAZ interchanges are geographic barrier time

FINAL DRAFT -- June 5, 2007

75- 50- 25- 11- 5- Don't
Trip Type 100% |99% |(74% |49% (24% |10% (<5% |0% |N/A |Know
Home based work C @
Home based retail F) F ¥ d r y ) O | @
Home based non- ~ ~ ~ - ~ - - ~ - -
retail (service) - - - - - - - - - -
Home based school | F F @ F
Home based College/| - _ _ _ _ _

. . ( ( ( ( ( ( ( ( (@ (
University - - - - - - - - - -
Home based other P P € € P O |l® |C
Non-home based O C C o
Other* c |c |c [c [c |[c |[c [c]c |C
*For others, please describe below

58B.[To what percent of TAZ to TAZ interchanges are destination choice constants
applied?
75- 50- 25- 11- 5- Don't
Trip Type 100% |99% |(74% |49% (24% |10% |(<5% |0% |N/A |Know
Home based work ® ® ® ~ @
Home based retail F F F F F F F F (P @
Home based non- — — — - — - — — —
retail (service) - - - - - - - - - -
Home based school F F F F F F F F F O
Home based College/| - - ~ - @
University - - - - - - - - - =~
Home based other F F @
Non-home based @ € € C|OC |C
Other* O O O C O C O @
*For others, please describe below
most districts to CBD; some district to district
.[If a Gravity Model is used, how is it applied?
Singly Doubly
Constrained Constrained
(output (output
attractions not attractions
forced to equal forced to equal
input input
Trip Type attractions) attractions) N/A |Don't Know
Home based work ® € @
Home based retail @
Home based non-retail @ @ '

MPO Survey
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Determination of the State of the Practice in

Metropolitan Area Travel Forecasting

(service)

Home based school

|_é|

Home based
College/University

|6|

Home based other

Non-home based

Other*

|_:| ( \ |6|

*For others, please describe below

Mode Choice

60.

Is there a mode choice model?

Trip Type

Yes

Home based work

Home based retail

Home based non-retail (service)

Home based school

Home based College/University

Home based other

Non-home based

Other*

( :] |_:| |_é| |6| |_é| [ :| @) | @

*For others, please specify

61.

What is the form of the Mode Choice Model?

Trip Interchange

Trip Type End | curves

Trip |Diversion

Regression
equations

Multinomial
logit

Nested

logit Other*

HB Work F F

4

F

2

Other trip types F F

F

F

2

*For others, please specify

62.

What modes are treated in the Mode Choice Model?

Mode

HB Work

Other trip types

Auto (generic)

Drive Alone

Auto Passenger

Two person auto

Two or more person auto

Three person auto

Three or more person auto

Four person auto

Four or more person auto

Transit (generic)

CH T T <<

CH T T <<
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Determination of the State of the Practice in

Metropolitan Area Travel Forecasting

Premium transit (generic) F F
What modes are premium?
i. Express or commuter bus F F
i. Bus Rapid Transit F F
iii. Light Rail |: |:
iv. Heavy Rail E i
v. Commuter Rail F F
Transit by access mode
i. Walk to transit
a. Walk to local v v
b. Walk to express v v
c. Walk to premium F F
d. Walk to rail 2 v
e. Other F .l
ii. Drive to transit
a. Drive to local v v
b. Drive to express v v
c. Drive to premium F .
d. Drive to rail v v
e. Other F .l
Local Bus 2 2
Express or commuter bus v v
Bus Rapid Transit v v
Light Rail 2 v
Heavy Rail F |
Commuter Rail v v
Walk F ¥
Bike F .4
Other* v v

*For others, please specify
non-motorized=walk+bike

63. |Is there a separate mode-of-access model?

Yes

No

|_é,| ( :]

choice model?

64. [For what conditions are bias constants, or similar adjustments, applied in the mode

attraction)

HB Work Other trip types
By mode v v
CBD/Non-CBD F F
Geographic area
(production or F F

Area-to-area
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

(production and
attraction)

i

Other*

2

*For others, please specify

income category, person type,

joint tour, #

65.

What impedances (travel times) are used for the mode choice models?
AM Peak PM Peak Night Mid-day

Total period or | period or and/or or off-
Trip Purpose day peak hour* |peak hour* |evening peak
Home based work F v F F v
Home based retail F 2 . F v
Home based non-retail (service) ¥ ¥ F F F
Home based school F 2 F F v
Home based College/University F v [l w v
Home based other F v F F v
Non-home based F F | F Ll
Other** F F [ F .4
*AM Peak period or peak hour Times: 6.5 AMto 9.5 AM (enter time in decimal
format - i.e. 6:30 = 6.5)
*PM Peak period or peak hour Times: 3.5 PM to 6.5 PM (enter time in decimal

format - i.e. 6:15 = 6.25)

*Please specify any additional comments below:

**Please specify other trip purposes not listed in the box

Managed Lanes

66.

treated as a mode choice?

Is the choice of toll road vs. non-toll road

(|Yes |@|No | (C[N/A

(|Don't Know

67.

Are the cost of tolls included in the following?

Yes

Don't Know

Trip Generation

Trip Distribution

Mode Choice

Trip Assignment

|_é| |6| |_¢| (

68.

Are HOV’s separately | - Yes
assigned? -

> |No O INJA

() |Don't Know

Trip Assignment

69.

Traffic Counts

What was the source of the data used for model validation?

70.

For what time periods are highway trips assigned?
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

F Total day
v AM Peak period or peak hour*
v PM Peak period or peak hour*
v Night and/or evening
v Mid-day or off-peak
*AM Peak period or peak hour Times: 6.5 AM to 9.5 AM (enter time in decimal
format - i.e. 6:30 = 6.5)
*PM Peak period or peak hour Times: 3.5 PM to 6.5 PM (enter time in decimal
format - i.e. 6:15 = 6.25)
*Please specify any additional comments below:
71. Are_transit trips @ |Yes ~ INo o INA ~ |Don't Know
assigned? -
72. |What assignment method is used to assign transit trips?
(" IMinimum time
() [Minimum weighted time
(@ [Minimum impedance
(" |Stochastic
(_ |Other (Please specify)
73. |Are the time periods used for transit assignment the same as for traffic
assignment?
@ |Yes
(|No
74.|Which method is used for traffic assigment?
(" |All-or-nothing
(@ |Equilibrium
() |lterative Capacity Restraint
(3 |Incremental Capacity Restraint
(> |Other*
*Please list any comments below:
NOTE: IF MULTIPLE TRAFFIC ASSIGNMENTS, REPORT ONE HAVING SMALLEST
CLOSURE TOLERANCE OR GREATEST NUMBER OF ITERATIONS
Closure Tolerance for "Equilibrium" Assignment 0.1 %
Number of Iterations to achieve Closure for Validation Year 16
Number of Iterations to achieve Closure for Forecast Year 20
Number of Iterations for "lterative Capacity Restraint" Assignment
Number of Iterations for "Incremental Capacity Restraint" Assignment
75. |Do you have different networks for different periods of the day?
Yes No N/A Don’t Know
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Highway

Transit

@) | @)

76.

For what percent of the links are traffic counts available for validation of forecast
highway link volumes by functional class?

Don't Know

Freeway

100%

75-99% |50-74% |25-49%

1-24%

0% | N/A

HOV lanes

Major arterial

Minor arterial

Collector

Local street mileage

|:||:]|:||]\:|\_é

( :] @@ |i@ [( )]

( :] ( :] ( :] [ ] |_é| [ :]

77. |How many transit passenger counts are available for validation of transit volumes by

service type?
100% |75-99% |50-74% |25-49% (1-24% | 0% | N/A |Don't Know
Rail transit ol @
Express/regional _
(@ ( ( ( ( ( ( (

bus - - - - - - - -
Local bus @ ® € € €| e @
Commuter Rail € ® C |[C| @ @

78. |What speed data are available to check the speeds on links?
None

79. |Are station boardings or transit route @ [Yes | 3|No | ) |N/A| ) |Don't Know
ridership figures available?

80.

From the model validation, what is the percent root mean square error comparing
traffic counts with the highway link volumes for all links with counts for each
functional or volume class?

RMS Error Percentage Comments
Freeway 18 %
Expressway % included in major collec
Major arterial 22 %
Minor Arterial 31 %
Collector 41 o 41% major collector, 58
Local street 99 %
Total-All link types 40 %

Additional Questions

81.

Are non- motorized trips modeled? | @ [Yes |(

No

N/A @€

Don't Know

82.

Are truck trips modeled?

@ |Yes |(

7 |No

N/A @

Don't Know

83.

If truck trips are modeled, how are they modeled?
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

(1 |Growth Factors

(@ |Fratar
(" |Synthetic O-D table

(_|Other (Please specify)

83A.|If truck trips are modeled, when was the truck model developed? 2004

84.

85.

Is freight movement modeled? (O |Yes |@ |No |[(|N/A (_ |Don't Know

Is there feedback of highway and transit travel times to the following? (Check all that
apply)

Yes No N/A Don't Know

Auto ownership (@ F F

Trip Generation @ F F

Trip Distribution O F F
Mode Choice @ € F

Land use O F F

Please list any comments below.

86.

Are the travel model results post-processed for use by EPA Mobile Model or the
California EMFAC model and for the preparation of mobile source emission
inventories?

@ Yes

) No

86A.[For emissions modeling, do you use any of the following procedures to adjust

assigned VMT to match HPMS?

Refine model calibration

Adjust link volumes produced by the model

Add VMT for local roads

Other, please
explain

<

Adjust emission results based on base year

<]

86B.|For emissions modeling, do you make any adjustments to VMT to reflect seasonal

variations in traffic?
2 [Yes

No

( | |_¢

86C.|For emissions modeling, do you use any of the following procedures to adjust the

volumes and speeds that are output from the travel model?

O Use existing model output volumes and speeds in conjunction with MOBILE or other

emission model defaults

v Use locally derived time-of-day factors or other post-processing procedures to
obtain hourly volumes and speeds

Other, please
¥ explain

86D.{To what extent do your travel model procedures, related to emissions
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Determination of the State of the Practice in
Metropolitan Area Travel Forecasting

modeling, account for different vehicle types in the traffic stream?

Traffic assignments are not stratified by vehicle type

Traffic assignments are stratified by vehicle type, but this stratification is not carried
forward into the MOBILE or other emission model

. | Traffic assignments are stratified by vehicle type, and this stratification is used

separately in emissions calculations

. |Other, please

explain
87. |Are you working toward any ?ct.ivity or tour-based “IYes | [No| @ [N/A| Don't
approaches to replace the existing model? - ~ [Know
88. |Have any backcasting exercises been performed to | — - —~. |Don't
. . . (iIYes | (@ [No| ( }|N/A|
verify that prior years can be properly replicated? - - - ~ [Know
89. [What are the best features of your models?

90.

Which features of your models are most in need of improvement?

Time of running, and crashes due to software-hardware

91.

What software package(s) is used for travel forecasting?

EMME/2

Transcad

TP+

Tranplan

CUBE/Voyager

QRS I

TMODEL

VISUM

TRANSIMS

[T TSI

Other (Please specify)

Please provide link(s) to website(s) with documentation of your models in the box below

Please provide comments on your experience with this survey

Survey Status

2

Survey Complete
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Determination of the State of the Practice Panel Questions
in Metropolitan Area Travel Forecasting

Appendix B: Panel Questions

10.
11.
12.
13.

14.

15.
16.

17.

18.
19.

20.
21.

Which agency (or consultant) performs the travel forecasts for the long- range plan, TIP, and
conformity? |sthis done using a model?

Who prepares the regional forecasts for population, households, and employment? What methods
are used for these forecasts?

How are forecasts of population, househol ds, and employment allocated to subareas or zones?
When was the last home interview survey conducted? What was the method (e.g., CATI)? How
many households were surveyed? What was the response rate? What percent of the total
population isthis? Are reveaed preference or stated preference surveys used to gather
information for model development?

How many zones are modeled? How coarse or fineisthe grain of the zone structure?

How completely do the networks represent transportation facilities, e.g What fraction of freeway,
major arterial, minor arterial, collector, and local street mileage is coded in network? Are HOV
facilities explicitly coded in network? What proportion of rail transit, express/regional bus, and
local bus routes are coded in network. Are bustransit facilities explicitly coded in network?,
Are vehicle ownership and household income inputs to the modeling process? If so, at what
geographic level, and how are they forecasted?

What trip types are represented in the trip generation models? What is the form of the models?
How are productions and attractions balanced?

What is form of the trip distribution model? How are productions and attractions converted to an
O/D table?

What transit modes are modeled and what is the form of the mode choice model ?

What time-of-day characteristics are represented for traffic assignment?

Which method is used for traffic assignment?

How is feedback of highway and transit travel times to trip generation, distribution, or mode
choice accomplished?

How are the travel model results post-processed for use by the EPA Mobile Model or the
Cdlifornia EMFAC model and for the preparation of mobile source emission inventories?
When was the model last validated, and when was the last Long Range Plan Forecast prepared?
How many traffic counts are available for validation of forecasted highway link volumes, by
functional class? How many freeway and arterial counts are there per road-mile? What speed
data are available to check link speeds? How many station boardings or transit route ridership
figures are available?

From the last model validation, what is the percent root mean square error comparing traffic
counts with highway link volumes for al links with counts and for each functiona or volume
class.

What features of the model are innovative or state of the art?

Are you working toward any activity or tour-based approaches to replace the existing trip
distribution model? If so, have any backcasting exercises been performed to verify that prior
years can be properly replicated.

How are non-motorized travel and freight movement model ed?

What are the best features of your models? Which features are most in need of improvement?
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APPENDIX C: Summary of Selected Literature Review,
January 2006

To assist in understanding the current state-ofptlaetice in travel area forecasting used
by Metropolitan Planning Organizations (MPOs), émg@rovide the committee with background
on how others may have characterized either the-sfahe practice or acceptable practice, a
review was undertaken of previous applicable litea The materials reviewed included both
sources identified by the Committee in the Trantgtion Research Board’s Request for
Proposals on Determination of the State of thetl&m Metropolitan Area Travel Forecasting
and other materials identified by the contractioterature detailing the state-of-the-practice for
travel demand modeling was available from a vamdétyources, primarily from or related to
medium- and large-sized MPOs nationwide.

Literature addressing travel forecasting loosellg fato four broad categories: articles or
reports that provide general overviews of the stdtilhe-practice but tend to avoid judgments
about the quality of these procedures (generaleduiek); articles or reports that that discuss the
procedures in use but offer judgments about thétyud these procedures and make
recommendations for improvement (general critiquesnparison studies of the procedures of
one MPO in relation to several peer MPOs (peer @ispn); and expert reviews of specific
MPO models (peer review). While the literatureeach of these categories addresses the same
topic—travel demand modeling procedures—the methodsaims of the categories of articles
differ.

The first category of articles provides generabdglines or recommendations for MPOs
to bring their procedures up to the state-of-thecppce. The reports reviewed in this group do
not reflect the findings of any quantitative suragyMPOs but rather were developed by
knowledgeable professionals based on their expmgeworking with MPOs. These articles
provide examples of efforts to either broadly defihe state-of-the-practice or make general
recommendations to improve shortcomings in prevatesdeling techniques. The second
category—critiques of the practice—focus on deficies, as seen by the authors, in the state-of-
the-practice. These deficiencies tend to stresstituctural inability of the models to deal with
certain types of issues, particularly the lackroétbehavioral analysis of traveler decision
making and the relationships between the transjpamtaystem and the patterns of land
development. In the third category, each artickesua peer comparison to evaluate the
procedures of a specific MPQO’s travel demand modélese comparison studies use the
practices of a small group of peers to establisteg® acceptable practices and then to determine
if their specific model is adequate. The finalegatry—peer-review articles—consists of
professional and expert reviews of specific MP@dtalemand models. These reviews do not
depend on a direct comparison to peer MPOs’ mobats;ather rely on the expertise of
representatives of peer MPOs and modeling profealdo evaluate their modeling procedures
and make recommendations for improvements. Deg8petdifferent motivations authors may
have had in producing their articles, each provideght into the state-of-the-practice.
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General Articles - Guidelines

Literature dealing with the state-of-the-practicgeneral terms tends to serve at least
one of two purposes. First, it is intended to meWPOs with guidance as to which specific
procedures are current and acceptable. Secarsets issues with aspects of prevalent
procedures that need improving. Although no atathims to be able to provide definitive
modeling procedures, literature dealing generalth the state-of-the-practice provides an
overview of what authors have classified as st&tf@ practice, and the issues authors have
identified with some procedures considered stati@fpractice.

Boyce and Williams provide a comprehensive overwéwoth the history and the
perceived current state of travel forecasting asaolfy in the first decade of the twenty-first
century (1). The authors do not attempt to dbsdriavel forecasting methods in great detail.
Rather, they present a detailed history of thewgian of the four step modeling procedure. They
note that the four-step process developed in tise hhsed largely on methods relying on
empirical data and has gradually incorporated efgs®unded in more general principals.
Notable examples are the use of discrete choickadst especially nested logit, for mode
choice and equilibrium assignment. The authorsawith a previous finding by the Hague
Consulting Group that “...there is no generally atedstate of the art or state of the practice in
travel forecasting but rather large classes of nsogled model systems, some at distinct stages of
development and in a process of continued refinéfhdrey argue that the trend in model
development has been to ever greater incorporafidisaggregate techniques so that the
detailed relationships between traveler and houddlehavior can be applied to the analysis of
transportation system issues, such as responsag¢@stion, time-switching, and costs. They do
note that it is necessary to consider the costdandfits of models at different levels of
resolution and to maintain a balance between oladreeation and misspecification. They also
make a strong case for validation that addressesnip replication of an observed base-year
condition but consideration of elasticity measwagshey affect forecasts. Activity- and tour-
based models are seen as topics showing considexdhnces.

The final conclusion of Boyce and Williams is pauiarly noteworthy. From a very
practical standpoint they state, that in the eserof comparing the procedures available for
travel forecasting “...nothing is obsolete untilgtreplaced by a model system fully tested in the
arena of practice.”

Focusing more on the details of travel demand niogleGreig Harvey and Elizabeth
Deakin prepared an overview of the state-of-thetprainA Manual of Regional
Transportation Modeling Practice for Air Quality Alysis(2). This 1993 document prepared
for the National Association of Regional Councits\ypdes the most comprehensive overview of
travel demand modeling state-of-the-practice of @fitye literature. This manual was
specifically intended to serve as a resource foglBvaluating the need for improving their
transportation modeling procedures in order to rtteetequirements of EPA guidance for
mobile source air quality analysis. The authocau$oon identifying and describing current
acceptable forecasting procedures used to model ti@mand and encouraging all MPOs to
modernize their practices. They also highlightgedures that are not recommended. Although
the authors suggest methodologies for applying inmdeedures, they stop short of attempting
to set standards for modeling or prescribing alsingpdeling approach. Instead they emphasize
that diversity exists between models for diffenagions because of the various regional
attributes, such as transit importance, levelsoafestion, concern about growth, and
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complexity in urban and rural development patterfiserefore, they believe that good modeling
practice should be customized to the key issueswaithble resources of an area.

The authors describe what they identified as basidoand advanced practices for nine
key modeling steps:

1. Regional Economic and Population Forecasts
Use of regional economic and population forecaskdighed by the federal government
is recommended. The authors refute the legitinmdaysing trends-extended or
“bottoms-up” forecasting. Advanced methods caaydied to expand on the federal
forecasting, including demographic models, trad¢imyistrial growth, life expectancy
data, educational attainment based on economitsleaed employment rates. The
authors state that ideally, these forecasts coaildsied to create both “high” and “low”
forecasts, both of which would be analyzed.

2. Employment and Population Allocation
Employment and population allocation approachesilshioe negotiated based on
employment and population data and trends as wefifarmation on land availability,
land use occupancy, and zoning information. Allmee based on local aspirations are
frowned upon. Advanced mathematical models usomgdevel time series data on
population, employment, land availability, and asikility are also acceptable.

3. Network Descriptions
Network descriptions are the basis of travel timed should be as detailed as possible, at
a minimum including all facilities to the minor artal or major collector level and
encompassing routes that carry at least 85 peofeatltinterzonal traffic volume. The
authors suggest expanding network descriptionsdiode additional detail such as rail
and bus transit networks, HOV lanes, ramp meteid jratersection details.

4. Vehicle Ownership
Vehicle ownership models predict the number of @ager vehicles owned by (or
available to) households in a particular travelgsia zone or sub-area. Household data
can be used to predict vehicle ownership, and lpaaictice dictates that income and
household size are the primary variables determithe number of automobiles per
household. Advanced practice also often includesideration of variables such as
licensed drivers, gender, labor force participatlmousing type, employment density in
residential zone, area type and density, and abdégs

5. Trip Generation
The most common trip generation technique is cotessification because it is
guantitatively superior to linear regression, lmgression techniques may be useful if
they are non-linear. Depending on the sophisbocadf the model, the modeler can
calculate either person trips by vehicle or totispn trips, both of which are acceptable.
Total person trips are the more basic unit becawusaall number of economic and life-
cycle factors appear to account for the bulk ofatam, but they lead to more complex
models in later steps.

FINAL DRAFT — June 5, 2007 Page C-3



Determination of the State of the Practice Literature Review
in Metropolitan Area Travel Forecasting

6. Trip Distribution
Acceptable modeling techniques include the Fratawth-factor method for very basic
models and the more common gravity model methdte gravity model technique is
considered flawed because of inherent inaccuratyeirtalibration procedure and
requires the application of K-factors to accoumttf@se inaccuracies. Advanced models
are based on the gravity model technique, but rarernomplex and encompassing
disaggregate logit destination choice models, pbssicluding K-factors depending on
the accuracy of the utility functions. The advaetaf the logit models lies in their
ability to account for a variety of zonal impedasmcegarding destination choice.

7. Mode Split
The mode split is calculated via discrete choicdtimamial logit or nested logit models.
The logit model assumes individuals select the nuddeavel based on characteristics of
the mode, including dollar costs of travel and @asi weighted components of travel
time. Multinomial logit models have problems whaternatives are closely related.
Probit models can solve these problems, but softwaing this method is scarce. Nested
logit is considered a preferred technique as avadlfor multiple levels of choice (i.e.
walk vs. transit vs. auto). According to the authaevalking and bicycling modes of
travel are an integral component of the mode s, but these options are considered
by only a small number of metropolitan areas. Addally, while research indicates that
comfort, convenience, and reliability are critigaliables to mode choice determination,
these variables are rarely considered in most rsodel

8. Peaking Factors
The application of peaking factors should be doased on data from specific facilities
rather than based on a regional average for madgways. Typically, application of the
time-of-day factors (TODF) is completed either lefthe trip distribution or mode
choice steps. Application of TODFs after mode cbas not recommended, except
possibly in extremely congested models.

9. Trip Assignment
The customary approaches include incremental cgpastraint and equilibrium
assignment. The all-or-nothing method is not mered valid. Advanced software
packages include more realistic speed estimatesfugestion and queuing analysis
techniques.

Beyond the nine model elements, the authors prduidieer recommendations for
improving travel demand modeling. The inherenticlitty of creating an accurate model arises
from beginning the process with unreliable intelddravel time estimates. Therefore, an
iterative process of re-running the trip distrilbatiand mode choice modules can be undertaken
until the initial and final travel time matricesash only minor differences. No standard model
convergence criteria are stated, but when varitiamatives are examined, key indicators
should reach the same minimum level of convergéorcall alternatives.

The authors also suggest using a variety of measarealidate the model, including
estimated vs. measured volumes, vehicle-miles ledygehicle-hours traveled, congested
speeds, travel times, and delay. Advanced tecksigauld further improve the model, such as
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“Root Mean Square Error” (RMSE) calculations codphath reasonable thresholds for the
RMSE values. Acceptable error guidelines from FH@tise that all measured counts should
be within 5 to 10 percent of the sum of model eates.

Finally, the authors advocate the use of accuoat@ kurvey data. They emphasize the
importance of a document containing nationwide glimes for all MPOs to use in carefully
designing household travel surveys.

Harvey and Deakin’s manual provides an understgnalinhe state-of-the-practice as of
1993. Many of the procedures identified and recemaations made in their manual remain true
today. A more recent look at travel forecastingcedures goes beyond Harvey and Deakin’s
project. The reporPerspectives on Acceptable Practice for Traveldéasting Procedures Used
in Metropolitan Areas Subject to 40 CFR 93.1228)mmary of Discussions of July 24 and 25,
200prepared by BMI-SG, does not only review currentdeling practices, but also attempts to
determine minimal acceptable standards of pra¢BteAlthough these reports are similar—
they both generally identify the state-of-the-pi@eEt-the latter provides MPOs with more
specific instruction on the necessary modeling @doices they should consider incorporating
into their own models.

This 2003 report summarizes the findings of a pah&alavel demand forecasting
professionals regarding minimal acceptable starsdairgractice for meeting 40 CFR 93.122(b)
(Conformity to State or Federal Implementation BlahTransportation Plans, Programs, and
Projects Developed, Funded or Approved Under PiB&J.S.C. or the Federal Transit Laws)
and establishes basic parameters to assist MP@=svel forecasting. The document is
structured to present a series of tables and ¢éisers of each component of the travel demand
process and then list the basic standards of peaat well as both advanced and emerging
techniques for MPOs to consider and to which theyukl aspire. The analysis is not based on
formal studies of the failings or successes ofdraemand forecasting in any specific settings
but rather on the general experience of the gréypalessionals. Throughout, the report
recognizes that MPOs will have different modeliaguirements based on the transportation
planning or analysis issues that are of importandkeir specific regions.

The current standard of practice model relies dncke trips in the most basic models or
motorized person trips in areas with or planningsignificant transit, HOV, or ridesharing
activity. Trip productions are generated at thedehold level, typically using cross-
classification methodology, and trip attractionsyrba generated using either cross-classification
or linear regression. Trip distribution and modeice are developed using individual traveler
data and then calibrated and assigned at the T¥ed.le

Basic trip purposes consist of home-based work,dibased other, non-home based trips
with truck, and external-external trips treated@garate market segments. Travel is modeled on
a daily basis, preferably modeling travel in thalpperiod before mode choice allocations.
Socio-economic factors affecting travel habits naesteflected in procedures for the trip
generation and mode choice either by market segtentor stratification of variables in the
model functions. In areas with a significant tibpsesence or plans, separate models for mode
choice and auto occupancy are required. Finatlgezo-zone travel impedances must be in
reasonable agreement with the travel times estarfaden the final assigned traffic volumes.
Therefore, evaluation of the input and final impedks, followed by adjustment and iteration, if
necessary, is standard practice.
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The report identifies standard practice for eactheffollowing model components

(which differ from Harvey and Deakin’s nine modehtponents) as constituting the current
(2003) state-of-the-practice:

1.

Trip Generation

Based on rates developed from household surveygrosductions are generated at the
household level, typically using cross-classificatmethodology. Trip attractions are
usually generated at the zone level using eithesseclassification or linear regression
for simpler data sets. Balancing or equalizingttitael number of projected trip
productions and attractions before trip distribati® considered standard.

Trip Distribution

The state-of-the-practice in trip distribution lsarly the Gravity Model. Market
segmentation matching the trip generation trip pses is required and further
segmentation by socio-economic groups, such as tripkstratified by income levels, is
recommended. Highway travel time is the minimahsrd for impedance and inclusion
of transit time, at the least, is recommended. dfsedoubly constrained model for work
trips in common and required. Single constrainiofibier trip purposes is acceptable.
The use of K-factors to equalize estimated androbsgdrips is acceptable if limited to
large-scale area-to-area movements for which intibgrg data exist.

Mode Choice

Mode choice models are not an absolute requireofehe travel demand modeling
process for regions without significant transitgesa Therefore, mode choice models
only apply to regions operating more advanced nsodeéh person trip capabilities. For
the most rudimentary of these models, auto occypantors, by purpose, would suffice
for acceptable mode choice practice. However, nsagdeamining strategies that affect
auto-occupancy and transit usage should developde rchoice model allocating trips
into all possible motorized and non-motorized ttamedes. Locally estimated
impedance coefficients are preferred to borrowddesga Sufficient network detail
representing access to transit within zones isralgoired.

Time of Day Models

Basic practice requires at least the morning peaiog, evening peak period, and off-
peak period to be modeled. Household survey dattypically used to derive factors to
convert from daily production-attraction trips tagin-destination trip tables by time
period. Acceptable practice currently does nobant for peak spreading.

Highway Assignment

Acceptable practice requires some form of capaetyraint on the traffic network to re-
compute assignment as links approach their capdmitydoes not require equilibrium
assignment specifically. Model calibration to exaeresultant travel volumes and link
capacities and determine accurate congestion sjpeadsitical (and difficult) task. For
regions with travel restrictions for certain susgfttraffic, the ability to analyze multiple
trip tables simultaneously is necessary. Usestéadard volume delay function, or
functions stratified by facility type, are good gtiae.
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6. Land Use
As the direction of travel demand modeling becomese dependent on land use
modeling, the use of local population and employnaeta and local agency travel
forecasts based on these data are being phase#ullyt.maintainable land use models
integrated with the travel demand model are suggdest replace the current state-of-the-
practice.

7. Highway Network
In the model highway network, all roadways to theanarterial level at a minimum
should be included. Similarly, all regionally sificant projects must be included,
covering all principal arterial highways and fixgdideway transit facilities, at minimum.
Initial travel time speeds for adjustment functiesh®uld be based on the uncongested,
free-flow speeds, ideally obtained through trairaktruns rather than roadway
classifications by others.

8. Transit Network
All regionally significant projects including fixeguideway service and major bus routes
must be included. Representation of the networkt migs include several transit-based
time categories, such as walking drive accessehele, and waiting. Both base-year and
forecast travel times can acceptably be basedaositragency operational information,
but preferred practice is to relate forecast traveds for buses to the forecast highway
speeds. Park-ride facilities must be includedheretwork representation, with trips
assigned to the highway network.

9. Model Development and Validation
In the absence of specially collected local houkktiata, models may acceptably be
based on the functional relationship in other mmghdan areas with limited calibration
using local data from the CTPP and NHTS. Trafbamts from local highway agencies,
HPMS, and transit ridership data should be uselidate results. Current standards
only require reasonable correlation between obskecwvent data and estimate traffic
volumes. Documentation should include detailedwdision of the various model inputs
and possible changes to those inputs as well agtlthty of results when compared to
observed data. Users’ Guides are not currentlyired, but should be a priority for
future models.

The emerging practice for travel demand models grilgninvolves tour-based modeling,
which accounts for chaining of person trips to mpldtdestinations. These models allow for
much greater detail derived from more comprehensigdway and transit network attributes
and the use of discrete choice logit models todpdied to the trip generation, trip distribution,
and mode choice components. While basic modelsldlsthow correlation to at least one socio-
economic factor (income, auto ownership, etc.)sgmity to a comprehensive list of socio-
economic factors, land-use mix, pedestrian envimtand accessibility to jobs is a hallmark
of more advanced choice models. Research intdyooderstood areas such as peak spreading,
trip chaining, and adaptive assignment of link woés is hoped to improve detail-oriented
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modeling capabilities and the validity of modeledults by improving correlation between
estimated and observed traffic conditions.

Although not intended as a resource for MPOs iir thensportation modeling efforts,
Thomas Walker iA White Paper on Metropolitan Planning OrganizatidmPO) Land Use,
Transportation and Air Quality Modeling Needs i tNew Federal Transportation Balso
reported on current modeling practices (4). Thewivas conducted by the National
Association of Regional Councils (NARC) in conjunatwith the Delaware Valley Regional
Planning Commission (DVRPC). These organizatiamslocted a national survey to ascertain
current modeling practices.

The survey focused on three aspects of modelingnesjunder the Intermodal Surface
Transportation Efficiency Act (ISTEA) and the Cleam Act: socioeconomic and land-use
projection, travel demand forecasting, and mololerse emission calculation. The findings
were used, in part, to help shape NARC's positiopending reauthorization legislation.
Thirty-one regional planning agencies responddtiecsurvey — 8 classified as large (over
500,000 population) and 23 classified as smalle f#port documents such factors as:
forecasting responsibilities; socioeconomic andli{ase forecasting procedures; travel demand
forecasting procedures; mobile source emissiomeasiton procedures; travel demand model
validation; and, uses for travel forecasting mameput. The report also documents the
proportion of responding organizations planningcgpeimprovements in land use modeling
and transportation modeling.

General Articles - Critiques

Boyce and Williams address the general theory &mdtsire of travel forecasting
models, while the Harvey and Deakin, BMI-SG, andR#&aarticles all attempt to provide both
general overview of the state-of-the-practice gretgic details about the methods that
constitute the practice. The last three artictescancerned specifically with providing MPOs
with information to gauge whether their models @reeptable for air quality conformity. This
is, in part, an indication of the importance thed tequirement for conformity analysis and the
subsequent EPA regulatory activity has had on spuassessments of travel demand
forecasting procedures. These articles also geaviecommendations and advanced practices
to varying degrees. Several other authors—whde abncerned with the general state-of-the-
practice—focused on specific problems and issuggittentified with conventional travel
demand modeling. Many of these authors also iffesiiate-of-the-practice procedures, but
primarily to establish problems with those procesurThese authors raise several important
concerns with current travel forecasting, and saggeny solutions that go beyond the current
state-of-the-practice. Addressing these concermstiire models will help improve the accuracy
of travel demand modeling.

Robert Johnston’s chapter, “The Urban Transpora®imcess,” iMThe Geography of
Urban Transportatiorprovides an overview of the history of the travehthnd modeling
process (5). The history of the process helpxptaén some of the conventions in currently
used in travel models, which he believes are inaaqto accurately forecast travel demand.

Starting in the 1960'’s federal laws required agpamtation planning process which
resulted in the establishment of the Urban Trartagion Modeling System (UTMS). The
UTMS standardized the four-step modeling procegsgeneration, trip distribution, mode
choice, and route assignment. Under the originamedines, MPOs established regions,
subdivided into 100 to 2,000 zones comprised ofasiblocks or tracts. Networks were
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designed by the MPO to represent all the majorwagd and transit lines. Finally, the MPO
conducted random household surveys within the madgbdn to identify trips made in the
region by time, mode, route, destination, and pseparl his data are then fed into the four-step
process to model travel behavior in the region.

Generally, models were run on a 20-year horizoridaitity planning and run for
intermediate years with emissions reduction deadlirThe primary focus of the original models
was to determine where congestion was growing éardfpr future roadways to alleviate this
congestion. Inthe 1970’s and 1980’s, modeliragfice advanced statistically with the use of
disaggregate discrete choice models for mode ch@gethe 1990’s, as a result of the 1990
Clean Air Act, air quality had become an importertus of the models’ use. Requirements of
the Clean Air Act led to advancements and increasetplexity in the modeling structures
regarding travel speeds, projections of land usach zone, investigation of Transportation
Control Measures (TCM), and consideration of s@gonomic inequalities. The general result
of the new policies was an advancement of the nsadel by large MPOs, with the medium-
sized MPOs lagging behind.

The author believes that the current state-of-tlaetce in travel modeling (2004) only
crudely represents real-world conditions. He cti@rézes the problems with the state-of-the-
practice for each of the four basic travel modepstas follows:

1. Trip generation is represented poorly becausege beariety of trip types are ignored,
especially for non-motorized travel, and land useé accessibility is not accounted for.

2. Trip distribution is rudimentary because trips mr@deled individually (not sequentially),
household income is not matched to job type, andymaodels do not feed speeds from
the assignment phase back into the trip distriloutio

3. Disaggregate models for mode choice are good,ralier MPOs do not use them, or
omit this step entirely, and non-motorized tragebiten ignored.

4. Travel assignment is inaccurate because the rqaatitees and speeds are poorly
represented, resulting in greater error for thalfprojections.

The author also suggests features for which newnsdkls should be created, including
auto ownership, trip chaining, time of travel, Iboa of land development, location of
workplaces, and location of households. Variogsmamendations for expanding and
improving the state-of-practice for travel demanodels are also given.

As the foundation for the modeling process, théa@uadvocates for a shift in planning
policy and improved spending on the pre-analysesph He suggests the following
improvements:

1. MPOs should view their objective as “maximizing @ssibility” rather than simply
“widening congested roadways.”

2. Trip making should be viewed simply as a way tceasactivities, which would lead to
policy initiatives encouraging mixed-use developteerMixed-use developments
inherently increase accessibility by conglomerathmgtypes of activities (destinations)
that are currently more spread out.

3. Expanding the list of alternatives that are modgtediticularly to include all transit
alternatives, which would improve the MPOs’ evaloategional improvement.

4. Measures of comparative aggregate economic wesfaoald be included in modeling.
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5. Data collection should be ongoing, including regylaonducting the household and
company surveys and increasing land use data tiolec

The author also recommends inclusion of a landrusgel coupling forecasted land-use
patterns with transportation facility changes, eatihan the current judgmental process used to
assign future land use. Trip generation shouldXpanded to include pedestrian and bicycle
modes and as many trip making purposes as is feasibluding variables such as auto
ownership, residential density, and residentiakipgy costs.

Trip distribution should be run through “full-feeaitk” until all steps have the same travel
speeds and volumes. Avoiding “full feedback” résuh two problems:

1. Greater reported congestion, which may provideefplstification for facility
improvements
2. A model which is logically and legally indefensible

Additionally, destination choice distribution modelre considered more accurate than
the method of iteratively fitting trip tables. THescrete mode choice models used by most
MPOs are good, but ideally should include non-nipéar modes and land-use variables. Traffic
assignment networks need to be “cleaned” to coaeots in link capacities and other attributes,
for which accurate up-to-date data is extremelyartamt.

The current trends in modeling include the microtgation of travel, goods shipment,
households, and firms with land, developers, anorfspace demand all represented. GIS-based
management and display technology is growing. Betel and land-use modeling is moving
toward discrete time and space models with houdetaled by address and firms by block or
tract.

Unlike the previous authors, Johnston is not logkmwhat is common practice to
advise MPOs in their modeling endeavors. Instead hatically examining common practices
to evaluate if those practices are adequate taatety predict travel. This approach is useful in
directing MPOs and travel forecasting professiot@lgard components in models that need
improvement, further study, or the developmentei procedures.

Similar to Johnston, in their article “Integratedoddn Models for Simulation and Transit
and Land Use Policies,” Eric Miller, David Krigemd John Hunt identified the need to better
integrate land-use in transportation models (6gsEhauthors provide guidelines for the
implementation of integrated land-use transpontatimdels in current practice and on a long-
term horizon. Integration of a land-use model withansportation demand models is a result of
recent legal requirements, advancements in therstagheling of how land use affects regional
transportation, interdependence of land-use amdp@tation policies, the importance of
accurate transit forecasts, and the need to ineraasrole of economic decisions.

The authors frame their argument for the develogragland-use transportation models
in terms of the relationship between transit amdilase. They list seven “urban form” factors
that affect travel activity: residential densitsgrisit supply, automobile ownership,
socioeconomics, employment density, accessibditgl neighborhood design. The authors feel
that the effects of transit supply, automobile oxghe, socioeconomics, and employment
density are all underestimated within current modgbractice and that these factors should be
incorporated into land-use transportation modeks goeater extent. Conversely, they argue that
neighborhood design is overestimated to some eatahthat peoples’ trip-making activities are
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far to complex and varied to be explained compydiglneighborhood design. To complete
their discussion of the land use-transit relatigmstine authors list four attributes of transit’s
effect on urban form:

Fixed, permanent transit systems have the mosifisemt effect.

Transit’s effects are measurable only in the lcamgat

Transit’s effects on land and development markats land values) must be considered.
Transportation facilitates development but doescaotse development.

PowpbpPE

The ideal integrated urban model should be basesbond theory and data; flexible
enough to tailor to the needs and inputs of thevziddal MPO using it; and practical both to
operate and present. The authors envision anratezhmodel that is sensitive to a wide range of
land use and transportation policies and will ble &b trace the direct and indirect effects of any
of these policies through time and space. Moredtel feel that this type of model is within
reach of our current and emerging technologies.

The authors then begin an evaluation of existingraedge integrated models currently
in use throughout the world. They list three vkelbwn models in the U.S. (ITLUP or
DRAM/EMPAL, MEPLAN, and TRANUS), which are commeatly available and established.
Three others (MUSSA, NYMTCLUM, and UrbanSim) ardeatst practically operational and
contain a significant market representation. Aaidled comparison of the models revealed that
all fall short of the ideal to varying extents besa of excessive spatial aggregation and reliance
on static equilibrium assumptions, overly aggredigsehold representation instead of
individuals as trip-makers, and a lack of endogsrmemographic and automobile ownership
processes. Also, the authors specifically poinet@nce on the four-stage model method as a
shortcoming and suggest a new generation of inedjraodels will need to be developed to
achieve the ideal model.

The first recommendation is a classification systérsix various modeling capabilities
(with the sixth representing the ideal model), vilhicould allow MPOs to identify their current
state and outline an appropriate plan for futuneettoment. The authors include a table of
relatively specific benchmark capabilities, but thest accessible representation of this system
is a classification table with the land use modgdability levels along the Y-axis and levels of
travel demand modeling along the X-axis, as shogloviz
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Figure 3: A taxonomy of transportation-land use siiog) capabilities; TCRP Report 48age 16.

The authors explain the appropriate state for dividual MPO depends on its size and
needs, however they state that MPOs should sengibige along the major diagonal (upper left
to lower right). They believe that MPOs with adeed travel demand models but little or no
capability in land-use modeling cannot adequatetgdast travel. The arrows designate
recommended paths for improvement.

The authors recognize the financial and technigastraints many planning
organizations face. They suggest that MPOs shanligdattempt to improve long-term modeling
state in realistic, incremental steps. To improvaels in the short term, the authors suggest
taking the following steps:

1. GIS links are required, with the ability to disaggate inputs.

2. Given the lack of a standard algorithm for modeli@chnique, acquisition of
comparative descriptions and evaluations of otkistiag models is important.

3. Improved validation of modeling results, as wellvaidation of modeling results over
time to compare new models to older versions,asmenended.

4. Improving the availability and quality of employmniatata is considered an extremely
high priority by many forecasting professionals.

5. Improved feedback between land-use, transportadiath,environmental models is
required to allow modelers to scenario-test andnially, isolate individual feedback
effects.

Importantly, the authors stress that the long-tgaal of developing the ideal model will
require specific dedication to a research and dgveént program for model improvement,
outside of the commitment to daily operation of thedel. Practically, most MPOs should
develop a solid travel demand model before attergpb develop any land-use model and
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generally travel demand modeling capabilities stidnd upgraded before land use modeling
capabilities. They extol the virtues of GIS asuting edge technology for future modeling and
include an expansive list of other general recondatans for model improvement. The
recommended state-of-the-practice mechanism insladmse study approach with “modeler-
MPO partnerships” used to evaluate model caseslza@ feedback.

The National Cooperative Highway Research Progiamfacused on problems
associated with one particular aspect of the mnggdrocess in its reporedicting Air Quality
Effects of Traffic-Flow Improvements: Final Repand User’'s Guid€7). In part, the report is
concerned with the need to predict vehicle emisstue to capacity changes—both increases
and decreases—in the transportation network, ogam dlustrating the key role that the need to
forecast emissions has played in spurring effarigprove transportation models. The ability to
accurately predict the change a transportatiotitisonprovement or management policy will
have on vehicle emissions depends on incorporatinh changes into a travel demand model.
The challenge comes in incorporating these chaimg@she trip generation forecast. In the
conventional four-step modeling process, trip gatien is unaffected by price of travel, leaving
the prediction unchanged as transportation capawtgases or decreases. The report presents
examples of more advanced travel demand modelswitgetand tour-based models—that
incorporate transportation system changes intetfavecasts. These types of models can
predict vehicle activity changes that result fronmon changes to the built transportation
network.

The report then presents a general overview o$tie-of-the-practice as well as
criticisms of prevailing travel demand and emissi@orecasting procedures used by MPOs to
evaluate changes in demand due to traffic-flow mapments. Although the report deals
primarily with the incorporation of capacity chasgeto a model capable of predicting
emissions, its review of the state-of-the-practaregeneral transportation modeling is still
useful.

The report details the current demand-modelinggatoces employed by seven leading
MPOs. These MPOs use a range of practices clas&ifien intermediate to relatively advanced.
Although the report makes no judgment which traleshand modeling procedures are best, the
list indicates the resources that might be avasléi an advanced methodology in forecasting
travel. Each of these MPOs uses a travel demaneInttvat is based on the four-step modeling
procedure.

The report goes on to provide an overview of sdweiécisms that have been levied
against conventional practice. While the critigoéfravel demand modeling are not specific to
the seven MPOs, they provide an overview of theegdrconcerns and suggestions for
improvement that other authors have raised regaulinrent practice. Citing the work of Deakin
and Harvey, the report describes the shortcomihgaroent practice they identified: omission of
key variables; lack of enough trip generation Malga; inadequate representation of trip
attractions; omission of transit and walking acd®bty in trip distribution; lack of peaking
information by trip type and market segment; sistitirepresentation of socioeconomic
variables; and, simplistic characterization of meork travel. Stopher points out further
problems with the conventional travel demand mqde&uding their inability to reflect changes
in trip making per household; their lack of feedlabeir failure to use land-use models; their
aggregation errors with large zones; and, thebilita to accurately predict real-world travel
speeds. Feedback, or equilibration of travel timgls the assumed travel times, is also identified
as a major issue for travel models.
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The report also includes the recommendations skeaetlaors made for improving
current practice. Stopher and Fu identified sev&nalt-term improvements that they assert
could improve the accuracy of conventional traveshdnd models. These improvements include
factoring of daily trips to time of day immediatedjter the trip generation step; more precise
capacities computed on a link-specific basis ratian on general capacity values, more realistic
speed-flow curves that reflect a steeper drop @edp when demand exceeds capacity and
providing feedback on congested travel times tdripedistribution step. No studies or
comparative data are included to support thesetasse Furthermore, Repogle recommends
additional data collection, such as panel surveegffjc counts, time and delay studies, supply
inventories, pricing data, goods movement datagiapgenerator data, and land development
inventories among others. The report does notndjsish between these recommendations or
suggest a priority in addressing the identifiedopems.

The report also addresses the limits most modeésifaforecasting non-motorized and
truck travel demand. It gives an overview of twagmtial methods for modeling both non-
motorized and truck travel. Only discrete choicd eegional travel models for forecasting non-
motorized travel are reviewed because these twmapbes reflect the most advanced
estimation techniques. For truck travel, the redmtusses vehicle-based and commodity-based
models. Examples of each of these models are pdylslt no evaluation is made as to which is
best.

Finally, the National Cooperative Highway ResedPcbgram recommendations for a
new modeling framework that is capable of evaluygtire influence of transportation control
measures (TCM) on travel demand are presentedlié)first recommendation is to focus on the
individual, the household, the vehicle, and the, trather than the aggregate group. This can be
accomplished through the use of emerging activatyeld modeling approaches. It is also
recommended that instead of aggregating housebgltgffic analysis zone to predict the mean
trip patterns for a group, forecasts should bedaserandom selection of individual persons or
households and prediction of their individual tigvatterns. Additionally, the use of incremental
analysis that can compare the changes producepeayfis strategies and better predict travel
behavior rather than the absolute magnitude ottriawrecommended. The use of traffic
microsimulation can help obtain accurate modelihgomgestion effects and to output vehicle
operating mode predictions. Finally, the use ofdatwld travel survey data with stated
preference data to support policy analyses.

The final article addressing the general stateasfdportation modeling was written by
D.B. Hess.Reconciling Incompatible Zone Systems in MetrogolRlanningalso pinpoints a
problem with one particular component of travel dachmodeling (8). The author conducted a
survey of 346 MPOs in the United States to deteerhiow the organizations typically convert
spatial data between census zones and transporéatadysis zones (TAZ), which are defined by
incompatible boundaries. Based on feedback frodnMBOs, the survey revealed that 60
percent of MPOs perform the procedure approximaiete per year using highly error-prone
methods. The author cites the lagging applicadiomewer, advanced GIS technology and
techniques within the planning organizations asaalihg cause for the use of antiquated and
inaccurate methods. The survey’s results sugbasniore advanced GIS training for planners
and improved sophistication among the travel denmadeling community will be required to
rectify this problem. Over the relatively shorhé since Hess’s study, only three years, GIS
techniques have become more widely adopted. A¢th@ophisticated GIS software and
experienced staff may not be resident in every Mé@Gncreasing number of agencies have
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some GIS capability and almost all graduating pdaisor engineers have some GIS expertise.
GIS methods are being rapidly adopted for tranggiort planning, modeling and other
applications.

Peer Comparison Literature

The articles discussed above deal most broadlytvélstate-of-the-practice, addressing
both what is considered the state-of-the-practicevell as recommendations for improving it.
This literature can provide general guidance foM&0O looking to evaluate or improve its
transportation model. The remaining articles alldvith the evaluation of a specific travel
demand model in comparison to what is defined asthate-of-the-practice. These studies also
provide insight into what different MPOs and tradeimand modeling professionals have
considered state-of-the-practice. Furthermoreseheports serve to identify the detailed
operational problems that that practitioners ofierceive in the, typically, four-step models as
opposed to the more basic structural problemsatteaidentified by researchers.

In these studies, the MPO under evaluation firgtldishes a group of peer MPOs. The
modeling practices of this peer group are compheah attempt to establish modeling norms for
MPOs with similar characteristics. With this infoation, an MPO can compare its own
modeling procedures to the procedures used byéssgo determine if its travel demand model
is acceptable. This type of study also enabled?®Nb learn about alternative and advanced
modeling practices in use, which it can use to owprits model. Although such articles focus
on particular models and small groups of peerg; #ulelress the state-of-the-practice, modeling
issues and problems facing particular MPOs, andestgns for improving models.

The Southeastern Wisconsin Regional Planning CosiomgSEWRPC) conducted a
comparison of its third-generation travel simulatianodels to the state-of-the-practice of travel
simulation models of 10 peer MPOs throughout théddnStates (9). For the purpose of the
study, a state-of-the-practice travel demand modetiethod is defined as a procedure in
widespread use in travel modeling. Ten MPOs welected. The commission evaluated the
structure and components of each MPQO'’s travel ddmaodels to assess its own models in
relation to the state-of-the-practice.

The study focused on six components of a travelashehmodel. A review of the peer
group found the following regarding travel modelgctices:

1. Model Structure- The travel demand models for all 10 MPOs as agthe
Commission’s third-generation model use a four-stigpbased model structure, which is
the most widely used model structure and is thesotistate-of-the-practice.

2. Classification of Travet All 10 MPOs and SEWRPC classify trips to deterwnihe
relative proportion a type of trip represents. Témgbles an MPO to focus its travel
simulation modeling resources on modeling the tygddps that represent larger
portions of travel. SEWRPC and the 10 MPOs allsifgsravel in three components—
resident personal travel, commercial truck traaal] external travel—with a modeling
procedure for each component.

3. Trip Generation-To forecast trip productions, 9 of the 10 MPOs te cross-
classification method either on its own or in conation with another method. The
Commission’s model uses a combination of crosssiflaation and growth factoring for
its trip production model.
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There is greater diversity in how the 10 MPOs fastdrip attractions. Four of the 10
MPOs use trip rates, one uses trip rates for amtyestrips and does not model the remaining
trips, one uses a combination of trip rates andesesgon, three use regression methods, and one
uses cross-classification. The Commission usesdtgs and growth factoring in its trip
attraction model.

Travel simulation modeling is based on trip purpoddie 10 MPOs all use the following
similar trip purposes with some variations: homedahwork (HBW), hone-base shopping
(HBS), home-based other (HBO), home-based schdd&jHand nonhome-based (NHB). The
Commission’s models are based on these same tppges with the addition of nonhome-based
school (NHBS) trips.

The study found that in comparison to the 10 peBQd, the Commission’s third-
generation models are consistent with the statbefpractice for modeling trip productions,
attractions, and trip purpose.

1. Trip Distribution— Eight of the 10 MPOs as well as SEWRPC use dome of the
gravity model when modeling trip distribution.

2. Mode Split- Half of the MPOs use a single logit model tcefmast the division between
auto and transit trips, while the others use twale®applied sequentially. The
Commission’s models use the latter approach, applist a logit model to forecast the
division between auto and transit trips and thepleging a cross-classification model to
forecast vehicle occupancy of auto trips.

3. Traffic Assignment All 10 of the MPOs use a capacity-restrainedildagium
assignment method to assign routes on the highweayank over several periods of the
day. The Commission uses the same procedure &R0 to conduct the assignment
for nine periods.

Seven of the MPOs conduct the transit assignmetitri®yof day, two MPOs perform a
single daily assignment, and one does not assagsitririps. Six of the nine MPOs use a
multipath assignment method while the other thieeaishortest path method. The
Commission’s transit assignment model is a timeaf-assignment for four time periods and
uses the shortest path method.

The study found that after a review of 10 peer MRfasel simulation models, the
Commission’s third-generation models are consiststfit the current travel demand modeling
state-of-the-practice. The study of other travelidation models did reveal a number of
potential refinements the Commission should comdmtats future models. Although the
Commission’s model structure is consistent withgtage-of-the-practice, the Commission
should explore developing a tour- or activity-bassatiel over the next 10 years. Additionally,
the following refinements were recommended forttlpegeneration, distribution, and mode
choice components of the model: stratification @h4home-based trips into work and non-work
related trips; consider alternative destinationichonodels for trip distribution; and, incorporate
choice of mode of transit access, consider inctusiowvalking and bicycle trips, and consider
nested or multinomial logit models for mode choice.

Although primarily a committee review, the Letteggorts of the Committee for Review
of Travel Demand Modeling by the Metropolitan Wagjton Council of Governments
(MWCOG) also use a peer comparison to provide aergtanding of the state-of-the-practice.
As a committee review, this report is similar te final category of articles, panel reviews of
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specific models. The letter reports relay a stoglyhe Transportation Research Board
committee convened to review MWCOG and the Nati@sgitol Region Transportation
Planning Board’s (TPB) travel demand model, anddésponses to the committee’s findings by
TPB. The exchanges between the committee and Bf@ povide an example not just of what
was considered state-of-the-practice, but also whamnges an MPO made to its model in
response to an evaluation. It is also benefi@ablise the dialogue delves into the criticism and
justification of several specific components of M&/COG/TPB model. The TRB panel based
its recommendations, in part, on review of validatmaterials produced by MWCOG. The
recommendations address not only the broad modeitstes but also details of model
application. This latter point is important agliistrates that the application of any model
includes a host of detailed practices that oftennat well documented.

The first letter report was written by Dr. Davidrkenbrock (TRB) to Peter Shapiro
(TPB) on September 8, 2003 (10.a). The TRB’s Camesifor Review of Travel Demand
Modeling by MWCOG issued this first letter repostaperformance review of the state-of-the-
practice of travel demand modeling by the TPB efMiWWCOG region. The report states that
there are no widely accepted guidelines explid#ilineating the “best” practices or setting
standards for the practice for travel demand madelHowever, the report cited eight primary
findings regarding TPB’s current travel demand ntode

1. The TPB travel model is based on the widely acdefoigr-step system and is typical in
comparison to other MPO modeiccording to the TRB committee, TPB’s current
model set, designated as the “COG/TPB Travel Feste@pModel, Version 2.1/TP+,
Release C” and referred to as the Version 2.1/TBdahis “a translation of the
MINUTP-based Version 2 model.”16 Release C of\tbesion 2.1/TP+ model is
considered representative of models used by otim#ias MPOs.

2. Asis common practice among many MPOs, TPB collectd household survey data for
trip rates and lengths, which is preferable to gsirational data or travel survey$he
1994 Household Travel Survey was the primary soafd¢gp information for TPB. TRB
acknowledges that local survey data is the besteduor accurate trip information, but
suggest that national travel survey data coulddeel tio cross-check the local information
for accuracy.

3. Base-year link volumes do not match observed ¢raffunts as closely as expected.
Validation of the model compared to observed data @onducted using RMSE
statistics. TPB’s model showed a year 2000 RMS&ldacility types of about 51
percent and TRB considered RMSE values for many {ff&Bc volume classes to be
only marginally acceptable. Similarly, the TRB aoittee found that the TPB model
underestimated transit trips in the range of 5+#@¢@a& and suggested a broader
comparison of transit results than system-wideayes and cordon crossings.

4. MWCOG's consensus-based method for projecting adipal and employment is
consistent with other MPOBespite the availability of computer-based landueelels,
the TRB committee recognized the widely acceptedtpre for predicting future
distributions of employment and households is aseasus-based approach among the
constituent jurisdictions.
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5. TPB’s inclusion of the home-based shopping trip $HB commendable, but combining

commercial and business trips is not advisali®B estimates person trips in four
categories: home-based work (HBW) home-based shgpiBS), home-based other
(HBO), and non-home based (NHB). The TRB commitlieagrees with the
combination of business and commercial light-dutigks based on information from
other MPOs suggesting that explicit modeling of cwercial trips can correct
underestimation of travel in models based on hortezview survey data.

The use of fixed bus speeds in TPB networks mayateighe influence of transit in
estimates of future trip distribution and mode deoiThe TRB committee preferred a
method for deriving transit (bus) link speeds bamea@lgorithms connected to highway
link speeds, as used by other larger MPOs.

TPB’s extensive use of adjustment factors in teipegation, trip distribution, and mode
choice to enhance the match between simulated laseleed base-year data undermines
the fundamental behavioral logic of the four-stepdeding process.TPB uses factors
ranging from 0.5 to 2.0 to account for productiol attraction mismatches presumably
resulting from minimal household data for some sdigtricts. Additionally, the
widespread use of K-factors in the trip distribatmortion of the model appears
unjustified given the limited number of factorsgeiver crossings) that would justify
their use. Finally, factors are used to adjustditarips that could shift projected transit
usage by five to ten percent. The TRB committeesictamns all of these factors to be
unusual and presumes they are used simply to inrBt@tistical fit between base-year
data and simulations. The TRB committee feelseli@stors are subject to criticism in
light of possible demographic, land-use, and trartsgion system changes.

TPB'’s feedback of highway and transit times to digtribution bypasses mode choice
and is not typical of good modeling practice inioggs with significant transit services.
The TRB committee states that current conformitguneements state that mode choice
should be included in the feedback process whesitress considered to be a significant
factor in satisfying travel demand.

Additionally, the TRB committee issued findings aeding the post-processing procedures used
by TPB. These findings addressed the disaggregafitYMT, the estimation of hourly traffic
for emissions estimates, and development of wethéibeissions rates.

Ronald F. Kirby (TPB) provided an advance respdaoshe TRB committee’s first letter

report on travel demand modeling in the Washingégion (10.b). TPB lists a number of
practices that it considers well established eléamehthe state-of-the-practice for travel demand
models:

1.

2.

TPB’s model is based on the “four-step represeraif travel demand that is widely
adopted in current U.S. practice.

TPB uses locally gathered household survey dagatimate trip rates and trip lengths,
rather than using national data.
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3. MWCOG uses a consensus-based method for projeetgignal distributions of
population.

4. TPB disaggregated VMT into detailed vehicle classes

5. TPB uses weighted emission rates reflecting colewgt travel patterns.

TPB also outlines the areas which it feels TRB wnaed to investigate further. They
suggest that RMSE values should be improved andredqul based on information from larger
and more complex metropolitan areas. TPB notedlitfieulty in modeling transit usage for an
area as large and complex as the Washington re@iBB recognizes that development of a
specific model for light commercial travel is impanmt and suggests that more light commercial
travel data is required. However, in light of Searcity of data regarding light commercial
travel, they consider including these trips as pathe non-home based trip category to be
acceptable. .

TPB advocates for the use of adjustment factotsprgeneration, trip distribution, and
mode choice to enhance the match between simwatdbserved base-year data. They use a
variety of adjustment factors, including K-factéos different trip types and matching estimated
trip productions and attractions. They justify tlee of these adjustment factors by citing the
complexity of the model, especially regarding tieeahto account for the effects of the multiple
state and city jurisdictions in the Washington area

TPB uses a different speed feedback procedureiitaiides mode choice. According to
TPB, feeding speed data directly through mode @émsults in unrealistic reductions in
estimated levels for transit and HOV on prioritpéa because overall person trip levels decrease
significantly. TPB also uses a method for establig time-of-day volumes by assigning 24-
hour volumes to the links and then redistributimg dlaily volumes to hourly volumes using
observed Washington region distributions.

An additional response to the TRB committee’s fiegiort was provided by TPB (10.c).
This letter addressed the descriptions of propose# elements for the TPB models
development program to address the concerns rhisdte TRB committee report, and advance
the state of modeling practice in the metropoliféashington region. TPB outlines steps that it
is taking to improve their travel demand model’'sfgenance and correlation to observed data.
Numerous detailed appendices address specificisgswkeconcerns raised in the committee’s
report.

Short-term improvements include development ofgdsting transit sum-models,
linking highway and transit speeds, and reviewmgand out-of-vehicle weighting in transit
paths. Explained in detail in the Appendices efri#port, the basic improvements to the model
including expanded transit validation, explicitdkumodels based on classification counts,
working with the local transit agency on methodsliftking bus speeds to highway speeds,
minimizing the use of adjustment factors, incluscdmode choice in the speed feedback
iterations, and improving the post-processing piaces.

As the current model ages, TPB is looking to the step in development of their travel
demand model. In the long-term, TPB will focusdmveloping and nested logit model for the
region, and expanding model capability. Amongfésures being considered are continuous
development of an airport ground access model; tmuactivity-based surveys and trip
generation techniques, and expanded detail irrélveltanalysis zones.

Reported in an appendix to the letter, TPB conaliateurvey regarding current
modeling practices at 11 MPOs for cities of simfee to Washington D.C.: Atlanta, Boston,
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Chicago, Dallas/Fort Worth, Detroit, Houston, Miamhiladelphia, Phoenix, San Francisco, and
Seattle.

Of the responding MPOs, it was determined that rhage modeled an area similar in
size to their air quality non-attainment areasectiy linking the models to the air quality
analyses. The TPB model is bigger than the Washringon-attainment area, which TPB feels
improves the traffic assignment for the non-attantrarea. However, this method relies on
some outer non-TPB member jurisdictions which aoeendifficult to obtain and maintain data
from and are often larger, which worsens goodnésg-ealidation.

While TPB’s model uses four passenger vehiclegugposes, most other MPOs use six
or seven. Some use up to 11 passenger trip pwpaskip generation, but collapse the
purposes to three to six categories for trip disitiion and mode choice. Nearly all of the other
MPOs use similar categories for commercial traffithe TPB model, however a number of the
other MPOs explicitly model light trucks in additieo medium and heavy trucks, the TPB
standard.

TPB accounts for special generators by using afssdjustment factors called p-mods
and a-mods, which ensure estimated and observedgirons and attractions match. Other
MPO models also account for special generatorsaafehst two of the other MPOs use p-mod
and a-mod factors.

TPB, like nearly every other MPO, uses a gravistrthution model. Seven of the nine
MPOs who responded use K-factors or similar adjaestsito account for the various socio-
economic forces at work in their model area. Tha Brancisco MPO applies a large number of
K-factors to as many as 50 percent of their intengfes, as opposed to 9 to 20 percent for TPB.

TPB employs a sequential multinomial logit modethveeparate models for each trip
purpose. They also use jurisdictional level adnesit factors. By comparison, the Philadelphia
MPO uses a binary probit model with inter-area-tgpaalties and factors to adjust auto
occupancy. The TRB committee was unable to olateiailed information from any other
MPOs regarding mode choice factors.

TPB’s model does not adjust bus speeds, but instesels them on the most current bus
schedule information, which they believe inhereimlyorporates link congestion. A majority of
the peer MPOs change bus speeds based on linkstanmge

TPB’s validation of transit trips from their 1994cd2000 models showed only three to
five percent difference between observed and estiaansit trips. These results are consistent
or better than the validation results achieved logtof the peer MPOs.

TPB uses a speed feedback method for the trigllittsn and traffic assignment steps,
but excluded the mode choice step except for tee liaration. Information from most other
MPOs is unclear; however it appears at least ftherdViPOs include mode choice in their speed
feedback processes.

TPB'’s use of the RMSE goodness-of-fit method fdidading link volume results is
shared by only three of the peer MPOs. Some obtiher MPOs list RMSE values for separate
portions of the network but do not compare regidnghway link volumes assignments.

Another appendix detailed the procedure used bB#lemore Metropolitan Council
(BMC) to model commercial vehicle and truck trav&@he BMC issued two reports outlining
their procedures for creating separate commerelailcle and truck models for the trip
generation component of their travel demand moBelcause of the difficulty in defining
commercial vehicle travel or obtaining accuratekrdata from surveys, a consultant hired by
BMC developed a method for calculating trip tabitescommercial vehicles and truck traffic
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from available count data. The consultant theretigped a model to calculate link-level
volumes for commercial vehicles, medium trucks, beadvy trucks. Selected manual counts
were conducted and a procedure dubbed “adaptadignasent” was used to verify the accuracy
of the model.

Responding to criticism from the first TRB letteyport, TPB offered a more detailed
explanation of their use of adjustment factors ulgfmut their model in an appendix. TPB cites
the following causes of concern regarding the misdgdproximation of the model area travel
network and uses these concerns to justify thaeegijun of their adjustment factors:

1. Underreporting from surveys which affect non-wogtgon trip rates;

2. Aggregation error within the trip distribution antbde choice modules;

3. Limitation of explanatory variables with respectie socio-economic and geographical
variations of the Washington area and the preseharother nearby major metropolitan
area (Baltimore);

4. Limited geographic scope of the Household Travel&yu

According to TPB, modeling “noise” increases néar ¢dges of a model network, prompting
them to expand their network to include outlyingn+ildPB jurisdictions to improve the model's
accuracy within the air quality non-attainment ar@ajustments, calibrated with data from the
TPB-member jurisdictions, are required to bettemsate network conditions. The following
specific adjustments were applied:

1. Use of p-mod and a-mod factors in application ipf gleneration rates;

2. Use of time penalties to model income bias in thedistribution;

3. Use of K-factors to account for historical pattersgecial generators, and Baltimore
influence;

4. Transit percent and car occupancy adjustmentsdorerproper matching in the results of
the disaggregate mode choice models.

In another appendix, TPB describes their feedbas&gss, which involves four iterations
known as pump-prime, base, first, and second iterat The pump-prime iteration runs the
entire model to create an initial set of traffisigement-based highway “skims.” These skims
are re-run through the trip distribution and motieice models for the base iteration. Finally,
using the skims from each previous iteration, ttet &nd second iterations re-run the trip
distribution and trip assignment steps, while haddconstant the transit and priority
facility/HOV trips produced by the mode choice mioidem the base iteration.

TPB tested its model results by running three aalthd iterations of the mode choice
model to assess whether any changes resulted g final highway speeds, as opposed to
pump-prime speeds. Based on the test, TPB corttlide the number of estimated transit trips
was lowered in the 2025 forecast. They considergossible adjustments to their model based
on this result: 1) the pump-prime trip distributigpeed table could be updated for forecast years
or 2) the model could be re-run with the three tholdal iterations to ensure speeds in the mode
choice step are close to the final assignment speed

This response letter also includes an appendixemrthty Mark Moran, describing the
methodology of modeling one specific category afcspl generator trips in the Washington-area
travel demand model: airport trips. The compleritground-based airport trips in the
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Washington area arises from the presence of tle@srate commercial airports: Washington
National Airport, Dulles International Airport, afghltimore-Washington International Airport
(BWI).

The author conducts case studies to discern h@araitravel is handled at seven
different planning agencies, including Atlanta, Bes Chicago, Los Angles, New York,
Portland, and San Francisco. To model airporsim@l of these planning agencies utilize air
passenger surveys for base data and then appdg@ei choice logit model with varying
degrees of complexity, except for Chicago whichstloet specifically model any airport trips.
The report contains extremely detailed case studrabe airport modeling procedures used in
Atlanta, Los Angeles, Portland, and San Franciddwe authors recommend that TPB should
emulate the airport models used by the Atlantatl&#ad, and San Francisco MPOs. All three of
these MPOs rely heavily on passenger survey datdave developed complex airport choice,
ground choice, and calibration-estimation data. sets

Finally, TPB requests guidance from TRB on its glaconduct a new household travel
survey with a sample size of 10,000 to 15,000 hoalsks, more than twice the size of the
original 1994 survey. TPB justifies its plan basedarge survey conducted in Seattle and New
York. TPB prefers one-day trip-based surveys,mmosed to multiple-day activity-based
surveys, because they believe the response rdteeniletter, but they request input from TRB.
TPB is also considering conducting an add-on sammgliewould track vehicles from 200
households using GPS equipment. This activityaiseld on a California survey technique and
allows modelers to account for likely underrepaytin the normal survey.

The TRB committee provided a response to the TPBiposed elements of
improvement for their travel demand model in aglettom Dr. David Forkenbrock (TRB) to
Christopher Zimmerman (TPB) in May 2004 (10.d).e@ll, the committee agrees with TPB’s
internal recommendation for improvement of theird@lan six primary areas: model validation,
travel estimation for trucks and commercial vehicleus network representation, uses of
adjustment factors, applications of feedback thhoagde choice in reaching final travel
estimates, and procedures in post-processing.

Beyond these proposals, the TRB committee recomsnad vehicle classification
counts including truck and commercial vehicle repragation be collected immediately and
model development begin without waiting for couompletion. The committee still considers
TPB'’s use of adjustment factors to be excessiveacammends that TPB “aggressively”
document the basis for their use of all adjustnfi@ectbrs. The committee notes that accepted
feedback algorithms for obtaining convergence aedlable. TPB should develop post-
processing procedures that maintain consistendytiéir four-step travel demand modeling
procedures to improve the correlation between tfrday link volumes within the modules.

Regarding the elements of the TPB report that relgdeT RB guidance, the committee
offered a number of suggestions. They advocateegarthat incorporate selective sampling of
stratified populations rather than simply sampknigrger population at greater financial cost.
TRB recommends researching numerous discrete maaeecmodels to find the most flexible
model based on the quality of the available in@iad TPB should also monitor progress of
“early adopters” of tour- and activity-based modelsnaintain current standards and good
practice. The TRB committee could only offer gahguidelines regarding zone sizes,
recommending that the zones should be small entmugbcurately model travel behavior but not
too small to significantly increase data requiretserkinally, regarding expansion of the
surveying effort, the TRB committee makes no fiesnammendation regarding multiple day
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surveys, except to evaluate costs in relation terg@lly helpful data, and they do not generally
recommend the use of GPS devices to track vehicles.

Ronald F. Kirby (TPB) responded to Dr. David Forieack (TRB) regarding the TRB
committee’s second letter report on travel demandeting in the Washington region in May
2004 (10.e). Kirby provided a list of planning impements or justifications for TPB’s current
modeling methodology:

1. TPB maintains that it validates its model to eduilim based on the needs of the data
set, but concurs with TRB that additional modeldation research could be helpful.

2. TPB has initiated new data collection to improveresentation of light trucks in their
model; however, TPB is doubtful that the TRB comeats recommended firm survey
will provide sufficient response to justify its ¢os

3. TPB is working with regional and local transit phamg staff to improve their policy and
planning focus in guiding the technical represeotadf future bus service.

4. TPB agrees with the TRB committee’s recommendatibasuse of adjustments factors
should be fully documented, continually re-examiratd minimized as much as
possible. Coincidentally, TPB states that it im@&lating nine K-factors and dampened a
number of other K-factors. TPB also explains tla#tter than use K-factors to
approximate the effects of physical barriers, saglthe Potomac River, time penalties
stratified by trip purpose and income level wer@lemented using an iterative gamma
trip distribution fitting technique.

5. TPB feels that allowing major variations in feedbapeeds leads to unrealistic
reductions in final transit and HOV speeds, but EgBees to investigate improved
equilibrium algorithms to incorporate into the mbde

6. TPB staff plans to increase their usage of obsetiveetof-day data in the model’s post-
processor, but the Washington-area time-of-dayetrpatterns are complex and may
make this difficult to implement.

Regarding the questions or requests for guidammee TfRB, TPB was reassured by the
TRB committee’s acknowledgement that travel foréngselies heavily on the professional
experience and judgment of its practitioners. BaBsses that it plans to improve the quality of
its model inputs, particularly more specific capyaaind free-flow speeds, refined volume-delay
functions, additional zone centroid connectionsl mmproved estimates of employment by
traffic analysis zones.

This extensive exchange between a review comnatidean MPO illustrates that there is
little consensus on what constitutes acceptabletipeain travel forecasting and, more
specifically, what constitutes acceptable perforogan model validation. Lacking independent
data against which the performance of individuahetnts of the model set may be judged, the
assessment relies on review of the end produdtsedbrecasting models (transit ridership and
highway link assignments) and the professional jueigts of the participants to assert the
acceptability of aspects of widely used practices.

Peer Review Literature

Both the SEWRPC study and TRB committee report @GOG and TPB use
comparisons to peer MPOs to establish their stgndimelation to the state-of-the-practice.
Since the two studies used a different set of péleey each turn up unique information on how
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they interpret the state-of-the-practice in thamdges. These studies of small peer groups also
turn up several similarities in modeling procedur&sch focuses on slightly different
information in its evaluation of the state-of-thegtice and what aspects of the specific model
need improving. These articles give a better wstdading of not only the general state-of-the-
practice, but also of how specific MPOs use thidrmation to make model improvements. The
final group of articles further demonstrates how®4&Fhave understood their models in relation
to the state-of-the-practice. Similar to the leteports about the Washington region, these
studies are based on expert and peer panel reviespecific models.

While many of these articles do not attempt to iexp} establish the state-of-the-
practice in their studies, they all make criticisam&l recommendations based on their
interpretation of the state-of-the-practice. Theme their evaluations of specific models reveal
additional information on the state-of-the practi@nce these articles all focus on a specific
model, they also provide the opportunity to examiméepth the issues and problems facing
models in use. These specific examples offer geihessons about acceptable modeling
procedures and common modeling problems.

As part of an MPO evaluation from 1992 to 1994, \loépe National Transportation
Systems Center (Volpe) reviewed the travel demandets for several MPOs. During this time,
Volpe headed a multi-agency panel tasked with aivaythe operation of travel models around
the country and making recommendations for impraamn The panel reviewed the model of
each MPO studied separately. The panel’s findimgsine MPO travel models provide a broad
overview of what the panel considered state-ofgttagtice as of the early 90s, the shortcomings
of various models, and the improvements requiraddke modeling procedures acceptable. By
2005 many of the findings are not longer relevanih@ state of technology has changed and
many of the recommendations of the Volpe panel theen implemented; others are still
frequent recommendations in model reviews.

Common themes of the reviews of the mid-1990s weszemmendation to:

Move from mainframe to desktop application systems
Do peak period, not just, 24-hour assignments

Collect new data, especially data on lesser usateso
Improve consistency among all aspects of the models
Use GIS techniques to manage data and conductsasaly
More feedback within the overall model chain

Develop methods to account for tolls

Develop land use models

ONOOAWNE

The Volpe panel did find several MPOs’ models toggally fall within the state-of-the-
practice. The Sacramento Area Council of GovernsEACOG) was one MPO the panel
found to use a travel demand model that represieatstate-of-the-practice (11). It is interesting
to note that although the Volpe review found theC&% models to be consistent with the state-
of-the-practice the agency has invested considerasburces in developing and applying more
advanced techniques.

In addition to the work conducted by Volpe in ravieg MPO travel demand models,
several other studies convened panels of travetsting professionals to assess the state of
specific models. Similar to the Volpe project,dbganels outlined the components of the
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models under review and made recommendationsrig bie model at least up to the state-of-
the-practice. Since these reviews were all cotaduafter 2000, they are more reflective of the
current state-of-the-practice and the recommendgfior improvement that are now considered
to be reasonable. One such panel review was atsgimpthe Ohio-Kentucky-Indiana Regional
Council of Governments (OKI). OKI was interestadassessing its model’s ability to address
important planning issues and consistency withstage-of-the-practice.

Some of the existing OKI model features describg®HKI staff are listed in the report
(12). Trip purposes include home-based work, hbased university, home-based other, home-
based school, non-home based, and external-inteim@¢pendent variables used in the model
steps include worker per household, person perdimmld, automobile per household, and
household area type. However, the model lacksuadtwld auto ownership model which
reflects household composition and does not fotecasme. The highway path finding
algorithm uses a weighted linear combination oktimd distance (rather than just travel time)
which, combined with multiple speed-volume funcipreduces the tendency to assign higher
freeway volumes than observed counts. Addition#dlg model converts truck volumes to
passenger car equivalents. Among other functitwesmodel is designed to evaluate potential
HOV lanes and public transit improvements.

Modifications to the model were made by a constlitathe previous two years.

Primary among the modifications was the combinatibthe OKI region with the Miami Valley
Regional Planning Council (MVRPC — Dayton, OH) mygbecause of significant vehicular
travel between the regions. As a result of thesiased complexity involved in this
conglomeration of regions, changes were made taltbeation of trips and trip production and
attraction factors were introduced. A new nesteptimode choice model was developed for the
combined regional model with transit mode choiceuning before access mode choice.
Separate sets of models were developed for peakf&péak periods.

The truck model is based on methods proposed iQthek Response Freight Manual
(13) which uses observed traffic counts to constausase year table for light and heavy trucks.
Discussion of truck model forecasts revealed a aggressive forecast using a Fratar technique
to estimate future trips and a productivity fadtmestimate the daily rate of truck trips per
employee.

The panel issues a number of findings regardingtite of the OKI travel demand
model. The panel praises the melding of the OKll lBiVRPC regions, but suggests new survey
data should be collected, especially for the MVRPB@ion which lacks significant recent
household data. Rather than relying on other agsnforecasts, OKI should develop
independent forecasts capabilities, including na@tail stratifications for employment forecasts.
The panel is concerned by a number of model atagu

Overestimation of trip lengths in the trip distrilzin model

Inconsistency in the utility functions for mode at®and trip distribution
Use of trip generation factors

Use of significant K-factors

Presence of transit system specific factors imbee choice utility functions

arwnE

The panel recommends further analysis of these messles and suggested that greater
market stratification may be necessary to impréngt. Other recommendations that address
very specific aspects of model application include:
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Use of passenger car equivalents in the trip assgh process
Allowing area type designations to change over time
Careful analysis how growth in work productivityreflected in employment forecasts

wN e

These later recommendations again illustrate tlwtahimprovements come in many
forms and that significant enhancement of convealionodel structures is still viewed as
reasonable.

Over the long-term, the panel recommends that @Ksitler tour-based models
generating person-trips by all modes. Some othggested improvements include incorporating
land-use factors and a density measure into tleeésting process; development of destination
choice and automobile ownership models; incomesbasatification in trip distribution and
mode choice; and greater detail in demographiceamployment data, and graphical
presentation.

A report by a peer review panel of the Baltimoretidpolitan Council (BMC) provides
another example of how transportation modelinggssibnals have assessed an actual model
(13). The panel’s report summarizes the expertiops given to the BMC regarding both short-
and long-term improvements to the Baltimore traleshand model. The existing Baltimore
model uses the four-step travel demand forecaptiogess and is based on home interview data
from 1993. Land use is forecasted at the TAZlleUde transportation network consists of
both the highway and transit networks and alsaunhe$ walk access. The model includes a
substantial truck and commercial vehicle model Baselinear regression from Lehigh, PA.

The trip generation model includes six trip pur@s®oss classifies household size,
vehicle availability, and density code; and triyaattions are identified only for motorized trips.
The trip distribution uses a double constrainedigyanodel, executed twice. BMC’s mode
choice uses a nested structure accounting for tefem Different coefficients for transit and
auto travel time are used to improve data fit.alyn trip assignment is an equilibrium procedure
for five different time periods. BMC faces chaligs in validating results because the Maryland
DOT conducts only a limited number of traffic cosimtithin the city of Baltimore. BMC
collaborates with the Maryland Department of th@iEomment to conduct post-process
emissions modeling.

The review panel suggests improvements to the BM@aih The panel feels that
establishment of an independent process to dewtd@wide and regional employment control
details is an important step for Baltimore and Wiagton, DC. Ideally, the panel suggests that
employment totals should be developed collecti@hthe BMC and Washington COG regions.

The panel also suggests a number of data improusm&ihey recommend an external
trip survey (or origin-destination survey) be coaidal for external-to-external trips, again
ideally encompassing both the Baltimore and Wagbmgegions. Additionally, the panel finds
a lack of information on external commercial tripghe Baltimore port and suggests conducting
a survey to improve this data specifically. Thegammend treating BWI airport trips as person
trips with transit options. Finally, the panele@aamends that improved traffic counts in the city
of Baltimore are required and suggests BMC may nedehd this effort if the State of Maryland
is unwilling to improve its data.

The panel states that BMC should reconsider itk pedaod length, suggesting they
consult temporal traffic and transit volume dataétermine if their 4-hour peak period is too
long. Additionally, the panel recommends that BM€lude all trip purposes in their feedback
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loops, develop convergence criteria, and run meedlfack from assignment to distribution
loops until convergence is achieved.

Finally, the panel lists a number of long-term imy@ment steps for BMC to consider.
The panel advises BMC to avoid development of madaane schemes because there is
currently a lack of consensus on implementatioméwer, they suggest that BMC should
analyze a few specific managed lane concepts sutaek-only and HOT lanes with varying
congestion. Pertaining specifically to improve mlogperation in the long-term, the panel
suggests implementation of consistent market setatien between all of the model steps.
They also believe improvement in the mode choicdehis necessary, and suggest that BMC
consult FTA guidance on use of IVTT and OVTT caaéints and less restrictive model
calibration approaches. Additional general suggestincluded improving BMC’s
understanding of the regional commuter market, awimg the nesting structure to produce
realistic results for major transit projects, amdgibly adding more recent National Household
Travel Survey data.

In addition to the other assessments present iMB® travel demand modeling
literature, a peer review panel advised the DeRegjional Council of Governments’ (DRCOG)
on strategies for employing an advanced model ebylos current state-of-the-practice (15).
The report outlines DRCOG's interest in updatirsgtiivel demand model to a version more
sensitive to the many development and transporntaiarket and policy initiatives in the Denver
region. To that end, DRCOG assembled a panelrpe®w in October 2003 to give
recommendations on how to further develop theictes.

DRCOG has a long-term ambition, dubbed the Visibade, to implement a cutting edge
travel demand model incorporating a land-use mditely using UrbanSim, and integrating
their land-use and travel model elements. Theghomiversify their depiction of household
characteristics, probably based on a “syntheticifation” method. They also want to create a
more realistic trip generation and distributionteys, possibly with tour-based generation and a
destination choice model. They plan to upgradeesied logit mode choice model from the
current multinomial logit model. Ultimately, DRCOMshes to run an extremely robust and
thorough model with strong capabilities for foraaagthe behaviors of all of the regions
transportation elements and their interaction witle another.

The panel assembled by DRCOG generated an expdissigéstate-of-the-practice
procedures and recommendations pertaining to thela@ment of an advanced DRCOG model.
The panel listed a number of “basic” findings, hBeemphasizing integrated model design.
They emphasized the importance of tailoring the ehtml policymakers’ needs and maintaining
focus on these needs to avoid getting too compephen The panel mentioned model
integration frequently, suggesting integrating matia with data from other organizations and
maintaining consistent data groups and assumptimaaghout the modeling process. They
specifically mention having a strong and diversewdend GIS system and using computers to
replace much of their handwork. They suggestistyila balance between aggregate and
disaggregate data usage. The panel also recoghizeitks in picking one modeling approach
or system given changes and advancement in teapydiowever they advised DRCOG to
confidently make a plan based on their best judgm8ome other broad recommendations for
future model development included:

1. Sensitivity to price and behavioral changes
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a. Generally speaking, special surveys are needddveshare alternatives, such as toll
roads.

b. Careful consideration of the various complicatespeal travel costs is necessary to
maintain a very robust and detailed model.

2. Modeling low-share modes

a. Eliminate sparse model networks; use detailed bapsrsuch as TIGER to estimate
trip distance, time for bikes, pedestrians

b. Include model consideration of land-use charadtesigffecting home location and
mode choice, rather than just using trip length cost.

c. Improve detail for teleworking to include both sethployed and “classic”
teleworkers.

3. Effects of development patterns on travel behavior

a. Conduct research, starting with the Robert Woodhdoh Foundation and the CDC
studies.

b. To actually model choices, new types of data beyerndaled data will be required.

c. Choose a direction for regional investments: cngglthnd-use alternatives or modal
choices.

d. Determine a feasible level of detail for urban gaesnclusion, especially the land use
model.

4. Effects of transportation system and system camliti

a. Thorough feedback of transportation conditionhland use model is important but
should be compared to policy-makers’ expectationsand development patterns.

b. System reliability is as important as average serigvel.

5. Ability to examine key policy choices

a. Test the extremes of both land-use and transpomntatlicy.

b. The POM allows discussion of overall strategies @egicts the effects of policy
choices.

c. Create benchmark points, with accessible and balodgputs, to generate
information and visual outcomes; avoid error-prone;the-spot” answers.

6. Improve validity and reliability

a. The model should interpret results for policy-make@nost importantly giving a
confidence level of the results (providing “err@mils”).

b. Show “back-casts” as well as forecasts, to impayvdidence in the model’s results.

c. Include traffic engineers and transportation sygpeofiessionals in the development
team.

d. Research improvements to better model route c{peetraffic path and
assignment).

7. Ability to show environmental effects

a. Tour-based models are more adept at showing emagatal effects.

b. Investigate the Edmonton model, which effectivatks$ travel and environmental
models, and the Portland model, which evaluategdiution near roadways using
recommended line-source modeling techniques.

c. Meeting these myriad recommendations will help DRECO fully meet and in many
cases surpass the state-of-the-practice.
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Another publication dealing in part with an advasho@odeling procedure was written by
Leslie Jones about the Metropolitan Transportaiommission’s (MTC) in the San Francisco
area (16). Although the document is concerned gmilgnwith the history and guidelines for
travel demand modeling by Caltrans, it containsief nlescription of MTC travel demand
model. MTC’s model, known as BAYCAST, is descrilzeda state of the art forecasting
system. BAYCAST was designed as an advanced aged model, expanding on the typical
four-step model by including three additional stepsrkers in household, auto ownership
choice, and time of day choice models. BAYCASThiended to operate primarily, but not
exclusively, with MINUTP, TRANPLAN, and EMME/2.

Each of these reviews of an MPQO's travel demandehloy experts and professionals
reveals the diversity as well as the similaritie®iow the state-of-the-practice is defined and how
specific models measure up to it. Even in thesexahere no state-of-the-practice standards
are explicitly stated, the assessments of modgesxthe procedures that are acceptable and
those that are not. Examining reviews of speaifarels also reveals common problems that
MPOs face in executing their models. The combamatif praise and criticism these models
receive provides further evidence on the statdiefgractice.

General Findings

Although there are numerous variations on travelaled models as well as on experts’
opinions about what are the best modeling procedltines literature review revealed several
findings common to many of the cited studies anvieres. These findings are the most
prevalent practices and frequent recommendatiomafoove procedures. It is also noteworthy
that while the literature stretches back to 199@¢imat the core of what is considered state-of-
the-practice has remained the unchanged. Whilevagiations of old techniques have
developed, many models still employ the same géterhniques that were used 15 years ago.

Boyce and Williams provide a thoughtful and praatieverview addressing both the
structural problems inherent in the standard faep-process and the practical difficulties of
shifting to models sets based on a stronger thieatgaradigm.

Much of what Harvey and Deakin documented in 1¥398ains true today. Models still
face some of the same common shortcomings. Famnios, many models have no trip
generation variables beyond auto ownership andnecarip distribution models frequently omit
consideration of transit and walking accessibilégd, models suffer from a lack of peaking
information on trips by type and market segmertte &xclusion of this type of information from
travel models makes it difficult to accurately poedravel demand. The authors also voice
several other concerns about model componentsdlodd influence a forecast’s accuracy. In
citing Stopher and Meyburg, they question the rfeedonstantsk;, in the gravity model, which
is the most prominent model used to predict trggrdbution. Furthermore, they note that of all of
the four steps in the travel forecasting proceaéfi¢ assignment has received the least critical
scrutiny.

Beyond just listing potential problems with modéley also advise MPOs to follow
certain approaches to achieve the best modelindfses/hich are also still relevant toady.
Harvey and Deakin suggest that models incorporapelation and employment allocations
based on firm data analysis, rather than basedaphnon the aspirations of localities, without
consideration to market or political realities. d\ibnally, they state that bus in-vehicle travel
times should be consistent with the travel tima$ @elay in the highway network. The authors
also caution that models are only as good as tteeatawhich they are based, and there is a need
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for urban areas to collect better data. Finalgyturge MPOs to incorporate advanced practices
into their models when possible acknowledging efcample that models of the choice of the
time of travel are not ready for mainstream regionadeling, but research has progressed far
enough that the use of such models in advancedlmggeactice would be desirable. Many of
these sentiments were mirrored by authors of atq@srts and studies

Each of Harvey and Deakin’s comments could have kedeen from the report of a peer
review of a model set conducted within the pastyears. In general, there appears to have
been increased adoption of the methodologies desthy the authors as “Best Practice” since
1993. While a few agencies have adopted or arerarpnting with techniques listed by Harvey
and Deaken as “Advanced Practice,” the categooraif those methods as “Advanced” is still,
for the most part, correct.

Several common themes are found throughout thratiitee. In many cases professional
and expert views align with what studies of MPO eleddentify as the state-of-the-practice.
Most agree that the four-step models are flawedeM/kthere is disagreement is how these flaws
are to be resolved or even if they need to be vedol The researchers stress the need to adopt
procedures based on stronger theoretical constaadigrounded in traveler behavior and
discrete choice. Practitioners focus on incremaftanges to detailed features to enhance the
four-step models.

Based on this literature review, all or almostNROs use a gravity model to predict trip
distribution while many reviews, particularly inroplex areas, suggest that destination choice
models would yield better forecasts or, at leastijat account for a broader range of factors in
developing forecasts. Related to this componetti@modeling process, models using the
gravity model all rely on adjustment factors (Ktfas or others). Many reviewers of these
models have commented that too many adjustmerdrfaate generally used to predict travel
demand. For the trip assignment step of the feep-srodel, most agencies use the equilibrium
assignment technique. Unfortunately, no data osurk are reported in the literature. Few
commentators of the general practice of travel dehiarecasting address the detailed issued of
the volume-delay functions applied in capacity gemesassignment procedures, yet this is a
frequent topic in peer reviews.

Concerns commonly raised include questions abeutnéthods used to develop land-use
and demographic forecasts and the allocationsgidmal totals to small areas. The way these
forecasts are developed and allocated will infleeimow travel demand is ultimately predicted.
Many articles also recommend that better data@teated and maintained to provide the most
up-to-date information for use in models.

In addition to identifying common problems with t&eisting components of models,
many authors spotted the same gaps in travel demadéls. Most agencies have relatively
crude methods for forecasting commercial trucker#®ased either on old models or some type
of factoring. Furthermore, many models do notudel non-motorized travel in their forecasts.
Better incorporation of commercial truck and nontonzed transportation into travel demand
models will, it is argued, enhance a model’'s aptfit accurately predict travel demand. Another
frequent recommendation in the reports and studéssfor MPOs to move from trip-based to
tour-based models or, more recently activity-basedels. Although currently advanced
practices, models of these types appear to bautbheefstate-of-the-practice for its ability to more
accurately represent the way people travel.

These general findings present a broad overviemvasfy of the common travel demand
practices and problems. Many of the authors ifiesimilar practices that they find either
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acceptable or unacceptable. Although none of tadgdes on their own or in combination
offers a comprehensive definition of travel demaratieling state-of-the-practice, they do reveal
individual interpretations and common understanslioigthe state-of-the-practice.
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Appendix D: Analysis of Responding vs.
Non-Responding MPOs

Introduction

The web-based surveys were sent to 381 MPOs, 2288ioh responded. While the
response rate is high (over half of all MPOs an@\n greater proportion of the largest
MPOs responded), it is possible that in some wagsd agencies that did not respond
differ from those that did respond. Ideally, onewd like to be able to compare the
responses that would have been received from repeneling MPOs with those that
were received from those that did respond. THatporse, cannot be done. However,
some characteristics of all MPOs can be determiiroed other sources. Using these data
from the FHWA MPO database, four aspects of possitfferences between the
responding and non-responding MPOs have been athlyFhese differences relate only
to the MPOs and the areas which they serve; tsare information about the methods of
travel forecasting used by responding or non-redimgnagencies.

Objectives

The overall objective of this analysis was to datee whether the responding MPOs
were significantly different from the non-resporgliMPOs. The specific objectives of
this analysis were to observe the differences bydhHowing parameters:

Respondents vs. non-respondents by area (squas) mil
Respondents vs. non-respondents by population/sauise
Respondents vs. non-respondents by MPO founding yea
Respondents vs. non-respondents by region of tinetigo

PowpbdPE

Graphical and statistical tests by each parametee Wone to determine the differences
for each parameter.

Graphical Analysis

Figure 1 shows the number of responding and ngmereing MPOs by area (square
miles) category. There is significant differenceahe number of responses received from
MPOs with an area of greater than 2,000 squaresraite a moderate difference in
response by MPOs with an area of less than 400 asaquites. There seems to be equal
representation by MPOs with an area between 400-2Q0are miles.
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Figure 1: Number of Responding and Non-RespondiRs! by Area (Square Miles)
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Figure 2 shows there is a responding MPOs are ratelgimore represented than non-
responding MPOs, based on their population perrsqude. MPOs in areas of greater
population density were more likely to respond.
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Figure 2: Number of Respondents and Non-Respontigrepulation per Square Mile
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Figure 3 shows the MPOs of that have been in existéonger were most likely to have
responded to the web-based survey.
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Figure 3: Number of Respondents and Non-respondgm4PO Designation (Founding)
Year
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Table 1 summarizes the proportion of MPOs respandinregion of the county. By
inspection it is noted that the response ratethimMidwest, Northeast and South are
quite similar — between 56% and 59%. AgenciefiénWest responded at a higher rate
than the rest of the county. Figure 4 shows thaegions of the country were
represented by both responding and non-respondP@9n roughly equal proportions,
though the South and West may be slightly overasgmted in the dataset.

Table 1: Percent of MPOs Responding by Region

Percent Number of
Region Responding Agencies
Midwest 57.8% 90
Northeast 55.7% 61
South 58.6% 162
West 72.3% 162
Grand Total 60.3% 378
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Figure 4: Percent Respondents and Non-respondgii®edion of the Country
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Statistical Analysis

Assessing the degree to which the agencies thadmded to the survey differ from those
that did not can also be assessed by testing éostttistical significance of the difference
of the mean of the distributions of measures oftteegroups. Table 2presents the
results of this analysis. For each of the testedsures — years since designation of the
organization as an MPO, population density and [adjon — the data show that the
difference is significant at the 95% level. Thigo be expected since special efforts
were made to obtain data from the largest MPOselserving areas with populations of
one million or greater. These are the areas thnat khe greatest population and those
that were designed as MPOs shortly after the latiisi establishing the MPO process
was enacted. For population density, a measurgeabso closely to the absolute

magnitude of the population in an MPOs area, tHerénce is still significant but barely
So.
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Table 2: Statistical Tests of Difference between MPBs that Responded to the Survey and Those that Dot Repond

Years since designation as an MPO Population Density Population
Did Not Did Not Did Not
Measure Respond Responded Respond to Responded Respond to Responded
to Survey to Survey to Survey
to Survey Survey Survey
Mean L 26935 | 29010 | | 494.6897 | 606.6858 | | 292544 780893
Standard Deviation | 8.803 | 82471 | 355.1823 | | 6829221 | 367367 2192645
Number of observations(n) | 138 | 201 . 150 | .. 228 | 150 ... 228
Variance 77.485 68.020 244717.913 | 368067.686 1.3496E+11 4.80769E+12
Degrees of Freedom | 3y S B A 376
t-statistic (|t]>1.96
implies significant
difference between those -2.19 -1.97 -3.29

that responded and those
that did not)
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