NEW APPROACHESTO TRAVEL FORECASTING MODELS. A SYNTHESISOF
FOUR RESEARCH PROPOSALS

FINAL REPORT
JANUARY 1994

Prepared by
Bruce D. Spear
John A. Volpe Nationd Transportation Systems Center (DTS-49)
Kendal Square
Cambridge, MA 02142

Prepared for
U.S. Department of Transportation Federd Highway Administration
Federd Transt Adminigtration Office of the Secretary
U.S. Environmenta Protection Agency

Digtributed in Cooperation with
Technology Sharing Program
U.S. Department of Transportation
Washington, D.C. 20590

DOT-T-94-15
Sponsored by U.S. Department of Transportation, Federal Highway Adminigtration, Federd Transit
Adminigration, Office of the Secretary, Environmenta Protection Agency, Department of Energy,
Travel Mode Improvement Program

ABSTRACT

In July 1992, the Federd Highway Adminigration (FHWA) issued a solicitation for proposasto
redesign the travel demand forecasting process. The purpose of the solicitation was to enable travel
behavior researchersto explain how transportation planning models should and could be improved to
meet the new forecasting requirements brought on by recent legidation, to address the impacts of new
transportation technology, and to exploit the travel behavior theory and methodology that has developed
over the past two decades.

This paper presents asummary and synthesis of the ideas presented in the four research reports. Its
purpose is not to evauate the merits or deficiencies of individua approaches, nor to recommend an
overdl "winner" among the four proposals. Rather, it is to identify common themes suggested by severd
of the research reports, to point out what gppear to be critica dements missing from some approaches,
and to combine the best aspects of the four gpproachesinto a research plan for improving the current
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generation of travel demand models. The remainder of this report is divided into three mgjor sections.
Section 2 presents brief summaries of each of the four research reports, including underlying behaviora
theories, methodologica enhancements, and data requirements. Section 3 extracts and discusses the
common themes from the four research reports, and identifies certain gaps or areas where further
elaboration seems necessary. In Section 4, a preliminary research plan is proposed for activities for
which there seems to be general support among the research reports, or for an activity oriented toward
a specific gpproach that seems particularly promising, but requires further el@boration before its potentiad
can be properly evaluated.
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The Department of Trangportation, in cooperation with the Environmenta Protection Agency and the
Department of Energy, has embarked on aresearch program to respond to the requirements of the
Clean Air Act Amendments of 1990 and the Intermoda Surface Transportation Efficiency Act of 1991.

This program addresses the linkage of transportation to air quality, energy, economic growth, land use

and the overdl qudlity of life. The program addresses both anaytic tools and the integration of these

toolsinto the planning process to better support decison makers. The program has the following
objectives.

1. Toincreasethe ability of existing travel forecasting procedures to respond to emerging issues
including; environmenta concerns, growth management, and lifestyle dong with traditiona
transportation issues,

2.  Toredesignthetrave forecasting processto reflect changesin behavior, to respond to greater
information needs placed on the forecasting process and to take advantage of changesin data
collection technology, and

3. Tointegrate the forecasting techniques into the decision making process, providing better
understanding of the effects of trangportation improvements and dlowing decisonmakersin sate
governments, local governments, trangit operators, metropolitan planning organizations and
environmental agencies the cgpability of making improved transportation decisons.



This program was funded through the Travel Modd Improvement Program.
Further information about the Travel Modd Improvement Program may be obtained by writing to:

Panning Support Branch (HEP-22)
Federd Highway Adminigration
U.S. Department of Transportation
400 Seventh Street, SW
Washington, D.C. 20590

1. INTRODUCTION

In July 1992, the Federd Highway Adminigtration (FHWA) issued a solicitation for proposasto
redesign the travel demand forecasting process. The purpose of the solicitation was to enable travel
behavior researchers to explain how trangportation planning models should and could be improved to
meet the new forecasting requirements brought on by recent legidation, to address the impacts of new
transportation technology, and to exploit the travel behavior theory and methodology that has developed
over the past two decades.

A total of four awards were made to: (1) Resource Decison Consultants, Inc. (RDC); (2) Caliper
Corporation (Caliper); (3) the Massachusetts Ingtitute of Technology (MIT); and (4) the Louisana
Transportation Research Center (LTRC). The awards enabled each team to expand their proposas
into astudy design for additional research needed to develop their approaches into operationa
transportation planning tools.

This paper presents a summary and synthes's of the idess presented in the four research reports. Its
purpose is not to evauate the merits or deficiencies of individua approaches, nor to recommend an
overdl "winner" among the four proposals. Rather, it is to identify common themes suggested by severd
of the research reports, to point out what gppear to be critica e ements missing from some approaches,
and to combine the best aspects of the four approachesinto a research plan for improving the current
generation of travel demand models.

The remainder of this report is divided into three mgjor sections. Section 2 presents brief summaries of
each of the four research reports, including underlying behaviora theories, methodologica
enhancements, and data requirements.  Section 3 extracts and discusses the common themes from the
four research reports, and identifies certain gaps or areas where further elaboration seems necessary. In
Section 4,a preliminary research plan is proposed for activities for which there seems to be genera
support among the research reports, or for an activity oriented toward a specific approach that seems
particularly promising, but requires further elaboration before its potential can be properly evauated.



2. SUMMARY OF RESEARCH REPORTS
This section presents a brief summary of each of the four reports commissoned by FHWA.
2.1 Resource Decision Consultants, Inc. (RDC)

The submission by Resource Decision Consultants, Inc. (RDC) proposes a new generation of
transportation forecasting models based on three paradigm shifts from the current generation of models.
These paradigm shifts are described below.

1. Activity-based vs. trip-based

Current transportation forecasting models use trips as the unit of andysis. The next generation of
forecagting models should focus on activities, with travel being one of severa options for satisfying the
activity. This shift will enable the models to address issues related to the subgtitution of non-travel
dternatives, the use of non-motorized travel modes, and trip chaining.

Focusing on activitieswill dso permit the incorporation of such congraints as interpersona
dependencies among household members, time congtraints related to hours of operation of activity Sites,
work schedules, expected activity duration, and multi-day scheduling of activities.

2. Stochagtic microamulation vs. deterministic aggregate extrapolation

Current trangportation forecasting models use statistical correlations of variables aggregated to some
gpatia unit (e.g. traffic analys's zones) to develop stable

Parameters which are used for forecasting future travel demand. Simulation techniques should be used
on the specific trips made by individua household members to develop stable parameters, and combine
them with sample enumeration procedures to produce area-wide traffic patterns. The use of
microsimulation will enable the models to retain grester sengtivity to trangportation attributes such as
congestion by time period, localized parking costs and availability, availability and timeliness of traffic
information, etc.

3. Dynamic longitudina andydsvs. cross-sectiond anaysis

Current transportation forecasting model s rely on cross-sectional survey datato represent the travel
demand response to variations in transportation attributes. There should be more extensive use of
longitudinal pand surveysto more accurately reflect travelers responses to specific changesin the
trangportation syssem. The andysis of longitudina datawill enable the models to examine the effects of
adaptation, including the perception of change and asymmetric responses to the magnitude and direction
of change.



These paradigm shifts are seen as necessary in order for the models to respond to new andytica
requirements brought about by the Clean Air Act Amendments (CAAA) to assess emissions reductions
and the impacts of specific transportation control measures (TCM).

These new anayticad requirements include:

e sengtivity to trave by time of day;

e  vaiability intravel patternsfor non-work days,

*  vaiadility in vehicde fleet compaostion;

*  consgstency between socio-demographic forecasts, vehicle ownership, and travel behavior;

e sengtivity to factors which effect mobile emissions -- number of trips, trip speed, time between
trips,

*  sengtivity to travel behavior options -- time of departure, destination choice, trip chaining,
subgtitution of non-travel options;

e asymmetric responses to the direction and timing of a TCM drategy;

. better socio-demographic and spatia-tempora resolution;

* incdusion of both passenger and goods movements;

. incorporation of macro-level impacts of demographic and economic trends,

*  better understanding of vehicle ownership decisons;

. better understanding of the relationship between trangportation infrastructure and land use.

The new transportation moded framework proposed by RDC is caled the Sequenced Activity-Mobility
System (SAMS). The key features of SAMS are summarized below:

1. Activity

The modd framework is based on the premise thet travel is derived from the need to pursue various
persond or household activities. Under this premise, an individud's daily pattern of activitiesis modeled
in its entirety, as afunction of higher role in the household, and influenced by various congraints
including time availability, access to dternative travel modes, coordination with other household
members, etc. In some instances, activities requiring travel may even be replaced by non-travel options
(e.g.,work a home). Theinteraction of activities and congtraints aso leads to a multi-criteria gpproach
for modeling choice of activities, activity locations, and benefits, beside value-of-time.

2. Incorporation of behaviora dynamics.

The modd framework explicitly treats travel behavior as a process of adaptation. Adaptation implies
that changesin travel behavior occur only when there is sufficient change in the benefits or costs of
engaging in a particular activity to overcome the inertia associated with continuing present behavior.
Adaptation dso dlows for changes in the asence of complete information, whereby the individua may
engage in atrail-and-error learning process. Response may aso be asymmetric to both the direction
and magnitude of change. Thisimpliesthe need for longitudind data to examine and develop reasonable
models of adaptive travel behavior.



3. Microsmulation Of sysem dynamics.

The various urban processes that influence travel behavior are treated as endogenous rather than
exogenous variables. For example, decisions of land development, employment site and commercid
location, and residentiad location are dl explicitly modeled, based on factors that include the results of
other decision models and the transportation system.

4. Andyss performed on aGIS platform.

Trave issmulated a the leve of the individud tripmaker going from specific origins to destinations,
rather than from aggregate zone centroid to zone centroid. GIS technology is proposed as a platform
for the Storage, integration, andys's, and presentation of model results, and the urban transportation
network is derived from existing street centerline digital spatial databases, rather than created as an
abstract representation of key routes.

5. Dynamic network modd!.

Trips are loaded incrementally on the transportation network as a function of origin and time of
departure, and are removed from the network when they reach their destination. The location of each
trip on the network is computed a specified time intervals based on its previous location, current route,
and speed. Volume to capacity ratios are recomputed for each link based on current loads, and new
link speeds are computed for the next time period. Trips are then rerouted based on the revised link
Speeds to provide a more dynamic representation of traffic congestion over time.

SAMS consgts of severd interconnected modules as shown in Figure 1. Each module represents some
aspect of the urban travel decision process. The modules are described briefly below:
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Resource Decision Consultants, Inc.

1. Activity-Mohbility Simulator (AMOS)

Thismodule isthe heart of SAMS. It conssts of an activity-based modd of travel behavior that
generates adaily trave itinerary for an individua including departure times, travel modes, destinations,
chained trips, initid routes, and travel partners. The model receives input in the form of identified
activity options, household and mode congtraints, and decision parameters from other modules.



2. Dynamic Network Simulator (NET)

This module loads trips from AMOS onto the trangportation network based on departure times and
continually updates the link speeds and volumes based on link loads. The module provides vehicle
gpeeds and VMT for use in emissons models, detailed system performance measures for usein
AMOS, and aggregate performance measures for feedback to the urban system microsimulator.

3. Vehicle Transactions Smulator (VTS)

This module smulates the vehicle acquisition process, including decisons to purchase, dispose, and
replace avehicle, aswdl as vehicle choice decisons. The mode uses input data on household
demographics, the trangportation network, urban land use, and vehicle marketing policies to generate
the number and type of vehicles available to the household. This, in turn, serves as atravel resourcein
AMOS.

4. Socio-Demographic Smulator (SEDS)

This module smulates the evolution of households and firms in the urban area as functions of genera

demographic and economic trends, locd land use palicies, and the urban transportation system. The
module generates various parameters and congtraints used in AMOS, VTS, and the Urban Systems

Smulator.

5. Urban Systems Simulator (USS)

This module smulates urban development, including patterns of land use and price for indudtrid,
commercia and resdentia sectors, as functions of genera economic trends, local land use policies, and
the regiond trangportation system. The module generates parameters for both SEDS and VTS.

The data requirements for developing and validating SAMS are extensve. Since AMOS is based on
the premise that travel is derived from the need to satisfy household activities, data from household
activity diaries are required. RDC recommends that, to effectively modd intra-household activity
tradeoffs and multi-.day activity scheduling, diaries should be collected from al household members
over severa days. In order to model adaption behavior and longer term purchasing decisions such as
vehicle transactions and residentia choice, there is dso aneed to conduct longitudina pand surveys.
Pand information can be approximated in the early years of mode development using retrogpective
guestions. Stated preference data are also needed to estimate behaviora responses to system changes
and new technology that have not yet been implemented. RDC points out that tested survey
methodologies exist for al required data, and that the SAMS framework can accommodate
evolutionary improvements in the models as more data become available,

RDC aso discusses athree stage modd vaidation gpproach, beginning with avdidation of the stated
preference approach and models, followed by vaidation of the individua model components, and finaly
the entire modd system.



2.2 Caliper Corporation (Caliper)

The submission by Caliper proposes areformulation of the current travel demand modeling process by
focusing on four fundamenta improvements to traffic assgnment models.

1. Modding joint choices as supernetworks

Many of the travel choicesthat are currently modeled as sequentid decisions (e.g., destination, access
and line-haul mode choice) can be more effectively modeled as joint choice decisions using treffic
assgnment models. Based on the research of Sheffi, et.al., these choices can be represented by
pseudo-links in an expanded trangportation network and therefore solved in the same way as one would
solve for actua routes in a conventiond traffic assgnment model. By consolidating multiple choicesin
one moded, many of the deficiencies of current sequential models, such as independence of irrdevant
dternative (11A) bias, aggregation issues, and joint versus conditiona choice assumptions can be
reduced or avoided.

2. Dynamic, stochadtic network equilibrium modds

Static, one-period traffic assgnment modd s represent a gross smplification in demand modeling that
cannot address many of the current issues associated with the build-up and disspation of highway traffic
during pesk periods, or mode Strategies amed a modifying peaking phenomena. Current traffic
assignment models should be replaced by a dynamic assgnment process which alows differentiation of
network level of service by discrete time periods, and computes flows on downstream links as functions
of flows on connecting links in prior time periods.

Dynamic network models should aso be linked with a stochastic user equilibrium (SUE) assignment
procedure. Unlike more deterministic approaches, SUE does not select asingle best path, but assigns
flows to dternative paths as afunction of their relative generdized cogs. SUE dlowsfor varigionsin
user-defined criteria such as route biases, incomplete information or behaviora inertia, and produces a
more redigtic disperson of flows on the network. Combining dynamic assgnment with SUE isseen asa
magor methodologica chalenge, but one that should be feasible given current computer technology.

3. Integration of traffic engineering models

Another deficiency in current assignment models is their reliance on average link speeds as the primary
cogt criterion when, in fact, intersection delays present a far more significant impact on overdl network
travel times. More redligtic representations of intersection effects can be obtained by integrating traffic
gmulation modds and assgnment modds

4. GIStechnology for database management and modd integration



The above modd framework requires much more detailed network data than conventiond travel
demand modds and therefore needs an efficient patia database management system to manipulate
large volumes of spatid data, to integrate data with traffic assgnment modes, and to present the model
resultsin visudly understandable and comparable displays. GIS provides an excellent platform for such
data manipulation, modd gpplication, and display.

In order to effect the above mentioned improvements, Caliper proposes alist of specific research
projects that should be carried out. These projects and specific issues which need to be -addressed are
summarized below.

4.  Formulaion and Implementation of Unified Supernetwork Models.

1. Determinewhat leve of aggregation is gppropriate in representing supernetworks,
recognizing that there is atradeoff between the redlism of more detailed networks and the
practical limitations of computer processing speed and data requirements.

2. Deveop practical methods for estimating link disutilitiesin supernetworks, especialy for

currently non-exigting options (e.g., new modes).

Develop more efficient solution techniques for sochastic user equilibrium.,

4. Deveop practicd cdlibration techniques for traffic assgnment modelsin generd, and for
unified, joint choice assgnment modelsin particular.

w

5. Research on Dynamic Assgnment Models.
1. Invedtigate dternative formulations of the dynamic assgnment problem and dterndive
solution dgorithms for specific formulations.
2.  Examine the tradeoffs between results and computationa effort for such parameters as
network detall, time granularity, and flow precedence condraints.
3. Ted dynamic assgnment models usng empirica data and real-world networks.
4. Invedigate the extensgon of stochastic user equilibrium to dynamic assgnmen.

6. Traffic and Pollution Modd Integration Research.
1. Determine appropriate network representations for intersectionsin traffic assgnment models.
2. Modify assgnment agorithmsto dlow congderation of link interactions at intersections and
traffic movement under saturated flow conditions.
3. Devdop egtimates of speed profiles and vehicle fleet mix by link for usein emissons modes.

7.  Computational Support for Research.

1. Edablish acomputationa laboratory and/or set of software toolsto facilitate travel demand
research. The laboratory should be portable across operating systems and hardware
platforms and accessible to al researchers and potentiad users. The laboratory should also
include alibrary of both synthetic and empirica datafor testing new modes and agorithms.

2. Enhance GIS technology to better support travel demand modeing. Potentia enhancements
include the incorporation of atempora dimension, development of object-oriented methods,
and support for more extensve manipulation of networks.
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8.

Data Requirements.

1.

Travel demand surveys to support research and loca planning should be conducted as soon
as possible to maximize compatibility with the journey-to-work data available from the 1990
Census.

Much of the data to support the above research could be obtained using typica home
interview surveys, but with grester emphasis on route choice and trip timing.  Surveys should
also make greater use of ated preference questions.

FHWA should support the collection of severa research datasets from different urban
environments. Data collected in conjunction with naturaly occurring system changes and
demondtrations projects should be documented and made available to researchers for
developing and vaidating travel demand modes.

New methods for collecting and expanding travel demand data should be explored.

2.3 Massachusetts I nstitute of Technology (MIT)

The submisson by MIT proposes a comprehensive travel demand modeling framework based on the
current "best practice’ of disaggregate travel demand models. In reviewing the current state-of-the-art
intravel demand modding, MIT concludes that most of the activity-based and trip chaining models
developed to date are descriptive and not sufficiently developed to be useful forecasting tools.
Similarly, research in the fild of information technology (IT) and itsimpact on travel choices has not yet
progressed to the point where empiricaly vaidated models have been devel oped.

MIT identifies the following set of functiona requirements for the next generation of travel demand
modds. The models must:

be sengtive to changes in trangportation and information technology;

incorporate new travel and no travel options to capture the effects of changes in household and
individud activity patterns

reflect the effects of changesin family structures, demographics, and activity opportunities,
accurately evauate environmentd, energy, and economic impacts of governmenta policies,
capture the effects of behaviord adaptation of individuals and households to changing urban and
transportation environments,

incorporate tempora and spatid variationsin dally travel patterns as required for dynamic network
andyses and air quality modedls.

The overdl model framework proposed by MIT isahierarchica set of disaggregate choice models
basad roughly on the tempora duration of the choice decision, with the choice sets for more dynamic
choices (e.g., mode or route choice for a specific trip) constrained by prior choice decisons (eg.,
resdentia location or auto ownership). A mgor enhancement to this "best practice’ modd framework
isthe explicit incluson of IT choicesin each of the modds.

MIT aso identifies two methodological advances that require further research and testing. These arel
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9. Dynamic discrete choice models with evolving choice sets.
The choice set consdered by individuas, and the attributes and perceptions of individuasto
different aternatives are dynamic, particularly in the presence of IT. Research is needed to:
1. incorporate individua attitudes and perceptionsin the choice process, both in choice set
generation and dternative sdection;
2. modd the effects of first-hand experience and new information on the attitudes and
perceptions of individuals as they affect subsequent choice Situations.
10. Fuzzy st theory and gpproximate reasoning methods to model perceptions and information
processng.
Fuzzy set theory was developed as atool to dea with problemsthat are characterized by
uncertainty and vagueness. Research is recommended to explore the gpplication of fuzzy set
theory to:
1. modd system attributes as perceived by users (e.g., trip duration), and to relate to abstract
concepts rather than to exact numerical measures,
2. modd overdl decision processes based on fuzzy perceptions or incomplete information.

MIT proposes a multi-year model development program implemented in three stages, with parallel tasks
undertaken to develop operational models and to conduct necessary research to support model
development effort in subsequent stages. The specific tasks undertaken in each stage include:

11. Stagel

1. Sdect an exiging trangportation planning mode system and enhance it with current state-of-
the-art modeling approaches, including the incorporation of activity-based decisons,
amplified trip chaining, within-day travel choice dynamics, and interfacesto air quality and
trangportation control measures prediction modules.

2. ldentify main factors and congtraints on household and individua activity decisons. Develop
modes to andyze: (1) employment decisons, (2) resdentid location decisions, (3) vehicle
ownership; (4) IT equipment ownership; (5) activity time and resource dlocetion; (6) tele-
sarvices subscription; (7) tele-commuting adoption; (8) activity/travel scheduling; and (9) en-
route travel choices. Develop analytica tools to capture dynamic and adaptive behavior.

12. Stage?

1.  Augment the Stage 1 modd system to include tele-commuting and other shiftsin activity
petterns. Incorporate the effects of IVHS (e.g., traveer information systems) on dynamic
travel choices; use both reveded preference and stated preference data to estimate activity
shifts.

2. Deveop candidate models to anayze the decisons of commercia/industria developers,
firms, and residential developers. Incorporate data collected from IVHS and IT
implementation to enhance existing data. Cdibrate and test enhanced modd system to
andyze accuracy of predictions and sengtivity to policy options.

13. Stage 3
1. Vdidae and test aprdiminary verson of the overdl modd system, including urban activity
models and activity shifts.

2.  Makefurther refinementsin urban development decison modes.
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2.4 Louisana Transportation Research Center (LTRC)

The submission by LTRC proposes to replace the traditional Urban Transportation Planning System
(UTPS) modding system by an activity-based modd of travel named SVIART (for Smulation Modd
for Activities, Resources, and Travel) that integrates household activities, land use patterns, traffic flows,
and regiona demographics. The core of the proposed model system is a household activity smulator
that operatesin a GIS environment and determines the locations and travel patterns of household
members daily activitiesin three categories: mandatory, flexible, and optiondl.

SMART is basad on the following assumptions about travel behavior.

The household is the primary decisionmaking unit. Household members carry out household
decisons by engaging in various activities.

Decisonsto participate in activities (as well as who participates) are the result of negotiation and
role alocation within households.

Trave decisons are derived from the pursuit of activities to satisfy household needs.

Mog travel is habitud; travel patterns do not commonly shift from day to day.

Activities, not travel, should be the focus for understanding travel behavior.

Households adapt to sufficiently large stimuli by changing activity patterns and consequently, travel
within time and money congdraints.

Land use and transportation systems aso adapt, over amuch longer time frame, to serve changing
household activity patterns. Congestion and accessibility represent one, but not the only influence
on land use and activity Site selection.

SMART conggts of severa interconnected sub-lements, as shown in Figure 2:

Land use, defined by the amount of activity participation in sub-areas of the study region.
Trangportation system access, defined by intra-regiona separation. System access is influenced
by speeds output from the household activity Smulator.

Household characteristics, resources and constraints.

Household needs, defined as a set of activities that must be performed by one or more household
members.

A household activity smulator which generates a set of activity patterns for a household that meets
household needs within household congtraints and minimize generdized travel costs.

A trip routing procedure that assigns trips to routes stochasticaly, by location.

Feedbacks between traffic congestion by time of day, and activity specification.

Macrolevel to microleve interfaces that permit the smulation of regiond effects on household
activities and the summation of household activities on regiona growth.

In the household activity smulator, individua travel patterns are defined by first assgning mandatory
activities (i.e., work, school, and some pre-arranged appointments) to fixed locations in space and time,
and then adding flexible and optiona activities around them, based on remaining time availability, activity
location, and travel times to and from the activity. Mode choice is conditiona on the household vehicle
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dlocation decison; it is assumed that trangt useis limited to household members without accessto a
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Cdibration of the household activity Smulator is based on a closure rule that minimizes the variations
between actud (observed) and estimated activity patterns for mandatory activities. For flexible and
optiond activities, aminimum generdized cogt criterion is used which minimizes the disruption to
mandatory activity patterns subject to time and household cost condtraints.

SMART uses a"random sample enumeration” method of forecasting. Under this procedure, the model
operates sequentialy on each household record and expands the resulting household trip pattern by
factoring it up to the projected regiona tota households. Theimpacts of trangportation system changes
are forecast by smulating household activity patterns under the changed transportation system,
identifying those househol ds whose patterns change and then factoring up those households residing in
the affected target areas. Theimpacts of demographic changes are forecast by changing the expansion
factors for household categories to reflected the projected population shifts (e.g., more single parent
households).

LTRC proposes a two phased research and development program to implement SMART asan
operationa transportation planning tool. The first phase isto validate certain key assumptions on which
SMART isbased. The second phase isto develop operationa procedures for implementing SMART
in an urban area.

Three key assumptions underlying SMART are: (1) that dl household activities can be dratified into
three categories -- mandatory, flexible, and optiond -- based on ther criticaity in fulfilling the
household's needs; (2) that the activities in which a household engages are determined by ardatively
small set of forecastable household characterigtics; and (3) that differences in the sdlection, location, and
frequency of flexible activities can be estimated from knowledge about the locations where these
activities can be performed and about the generdized costs of trave to the activity locations. These
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assumptions need to be vaidated through a behaviora research project involving atime-use survey of a
st of households having diverse demographic characteristics and different activity and transportation
options. The survey would result in anew travel behavior research database that could be used not
only to vaidate the assumptions of SMART, but aso to develop some prototype models. The survey
would be preceded by focus group interviews of households representing specific demographic
categories, and by in depth analyses of some exigting travel diary databases.

In the second phase of the implementation plan, SMART would be developed and cdlibrated for a
particular urban area. This phase could be implemented prior to completion of the time-use survey by
using data collected from a conventiona urban household travel survey. The modd would be
implemented using a GISto link household trips with activity locations and the locd transportation
network and to fit each household activity pattern, beginning with mandatory activities, and then
alocating flexible and optiond activities based on avallable time and travel options.

3. COMPARISON AND SYNTHESISOF APPROACHES

Although each of the four reports commissioned by the FHWA was prepared independently, with little
or no collaboration among the authors, the recommended gpproaches exhibit alarge number of
common themes. Table | summarizes the mgor themes identified in the reports, showing, for each
theme, which reportsincluded it as a mgor component of their recommended mode framework and
which reports omitted it entirely. In this section, themes common to two or more reports are discussed.

3.1 Common Research Themes

For clarity in discussing the common research themes described in the reports, we have Stratified the
themes into three categories: behaviord assumptions, model methodology, and data requirements.

3.1.1 Behavioral Assumptions

The themes described in this section dl relate to the theoretical assumptions of travel demand behavior
which underlie the recommended models, and which, in many ways, direct the structure, methodol ogy,
and data requirements of the model.

3.1.1.1 Demand for travel isderived from the demand to engage in various activities.

Current trangportation forecasting modds use the "trip” (usudly avehicular trip) as the basic unit of
andysis and prediction. However, most travel behavior research concludes that the decision to make a
trip isredly derived from acomplex series of decisonsincluding: (1) what activities to engage in; (2)
whether the activity can be accomplished without vehicular travel; and (3) whether the activity can be
combined with other activities. Consequently, by starting with the trip, current trangportation forecasting
models are unable to explicitly address issues reated to: (1) the subtitution of non-travel options (e.g.,
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tele-commuting and tele-shopping), (2) the subdtitution of non-vehicular trips (e.g., wak trips); (3) trip
chaining behavior; and (4) induced demand for travel.

Three of the four reports (RDC, MIT, & LTRC) explicitly recommend that the current "trip-based”
model framework be replaced by an "activity-based" framework in which the demand for trave is
derived from a more basic demand to engage in various activities. Activities represent various "god-
satisfying behaviors engaged in by household members'® Activities can be grouped into various
categories (e.g., work, shop, recreation, mandatory, flexible, optiona), and can be described in terms of
where, when, and how long the activity takes place. However, an activity does not necessarily result in
atrip. By modding activities rather than trips, it should be possible to forecast a number which
represents arealistic upper bound on the total number of trips that could be generated under a particular
scenario.

Behavioral Assumptions RDC|Caliper|MIT|LTRC

Travel Behavior is Derived from Activity Needs X X X

Travel Behavior is Stochadtic X X X

Travel Behavior is Conditional on Longer Term Choices X X X

Travelers Adapt to Changes in Transportation Service Methodology X X

Use GIS as Plaform for Data Management, Modd Integration, and X X X

Digplay

Use Dynamic Networks with Tirrie-Sengtive Loading X X X

Expand Use of Disaggregate Choice Models X X X

Use Microsmulation Techniques X X

Link Travel Demand Modds with Emissons Models X X

Modd Joint Choice Decisons Using Supernetworks X

Link Travel Demand Modds with Traffic Smuletion X

Use SUE for Traffic Assgnment X

Use Fuzzy Set Theory to Modd User Perceptions X

Data Requirements RDC|Caliper|MIT|LTRC
! See Section 2.4 (LTRC)
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Household Activity Diaries

Stated Preference Surveys (for New Alternatives)

Longitudina Pands

X | X | X [ X
X

Collect Before-After Data from Demondtrations

Establish a Transportation Research Data Library

X [ X | X | X | X [X

Detailed Network Data

Household Travel Choice Surveys

X | X | X | X | X

Extensve Use of Census Data

Use Choice-Basaed Samples X

Simulate Choice Situations Using Computer Smulation and Virtua X
Redity

Use Focus Groups to Better Understand Household Decisonmaking X

The decisgon to engage in an activity represents a complex interaction of household and individua roles
and responghilities; time congraints on both the individua and the activity; options on activity type,
location, and duration; trangportation options, and the perceived benefits versus codts of the activity.
Many of the decision parameters are either known (i.e., fixed store hours), or can be grouped into a
manageable number of categories for forecasting (e.g., household types). While each of the reports
suggest adightly different approach to modding activity behavior, dl of them rely heavily on the use of
congtraint parameters to reduce the number of choice options to a managesble Sze.

3.1.1.2 Travel behavior is stochastic rather than deterministic.

All four reports acknowledge that travel demand should be viewed as stochastic rather than
determinigtic behavior. This means that two tripmakers, faced with the same set of travel conditions and
dternatives, may display different behaviors, and these behaviors will occur with some measurable level
of probability. Stochastic models are based on the assumption that differencesin individua biases or
preferences, unidentified or unmeasured choice parameters, or different levels of information can result
inaleve of uncertainty in a predicted outcome. This uncertainty is assumed to be digtributed according
to some known probability function. Thus, while it isimpossble to predict with certainty how one
spexific tripmaker will behave, it is possble to predict how the behavior of a group of tripmakerswill be
distributed.

Stochastic modds are currently used extensively in mode choice, and to alesser degreein trip

digtribution. However, while stochastic assgnment models exist, they are used infrequently in practice,
and trip generation models are dmost exclusively determinigtic. One report (Cdliper) recommends the

17



use of sochagtic user equilibrium (SUE) in modding route choice as ameans of replicating actud travel
patterns without having to severdly distort observed link characterigtics.

3.1.1.3 Travel behavior is conditional upon longer term choices of residential and employment
location, vehicle ownership, and land use.

Three of the four reports (RDC, MIT, and LTRC) explicitly link daily activity and travel behavior with
longer term decisions, including those made by the household/individud (i.e., vehicle acquisition,
resdentia location) and those made by others (e.g., firm or store location, land development and use,
zoning palicies). These linkages are generadly structured as congraints on the travel demand decison
process. For example, vehicle availability for a specific trip depends on the number of vehicles owned
by the household and their dlocation among licensad driversin the household. In the short term the
number of vehiclesis congdered to be fixed. However, over the medium to long term, amodd of
household auto acquisition would be used to predict the number (and possibly type) of vehicles
available to the household. This mode would be driven by various socio-demographic variables
(number of drivers, household/persond income), as well as by some aggregate measure of household
dress related to the number of times a vehicle was desired but not available.

In each of the three reports, the longer term choices are handled as independent modules, with linkages
to the household activity module as described above. In most instances, these modules are less well
developed (in terms of identifying and quantifying key parameters) than the activity module. However,
the overdl structure of the activity model framework permits modules to be developed more or less
independently, usng default values as proxies for the products of uncompleted modules.

3.1.1.4 Travelersexhibit adaptive behavior in response to transportation system changes.

Current trangportation forecasting models assume that travelers make rational economic choicesin
response to the values of exigting trangportation system parameters under steedystate, equilibrium
conditions. These models cannot address issues related to adaptive behavior such as: (1) lagsin
response to a transportation price or service change; (2) differentia responses depending on the
direction of change; or (3) differentid responses depending on the magnitude of change.

Two of the four reports (RDC & MIT) explicitly recommend that the new transportation forecasting
models should have the ability to address adaptive behavior by andyzing data from longitudina pands
and before-after experiments to study the responses of specific individuas subjected to transportation
service changes.

3.1.2 Methodology
The themes described in this section dl relate to specific modes or analysis methods which the

researchers fed should be used to develop, cdibrate, or apply the next generation of transportation
forecasting models.
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3.1.2.1 Geographic information systems (GIS) should be used as the platform for data
management, model integration, and display.

GI S technology has advanced to the state where many of the difficult data management problems
associated with transportation forecasting modes (e.g., network building, cregting and extracting data
for trangportation analysis zones, spatid aggregation of data), can be performed quickly and eadily.
Moreover, GIS provides agraphica display capability that enables the results of atransportation
forecast to be communicated to policy makers and the generd public in easily understandable maps.

Three of the four reports (RDC, Cdiper, & LTRC) explicitly recommend that the next generation of
trangportation forecasting models utilize GIS technology as a platform for data management, mode
integration, and data display and presentation. Implicit in this recommendetion is that the current
practice of developing and coding separate, abstract transportation networks will be largdly eiminated.
Future transportation networks will be derived from existing geographically referenced digital databases
(eg., Census TIGER files), thereby minimizing much of the "artistic licensg" employed in sdlecting and
defining which physicd linksto include in the abstract network. GIS will dso permit greater geographic
resolution in tracking trips between specific origins and detinations instead of from zone centroid to
zone centroid.

3.1.2.2 Theroute choice/assignment model should be enhanced to incorporate time-sensitive
network loadings and departure time decisions.

Current traffic assgnment models assign trips to the network using asingle origin-destination matrix that
represents either an average daily traffic or average peak period traffic flow. While certain capacity
resrained assgnment agorithms may load trips incrementaly, these incrementa loadings bear no
relationship to the tempord build-up and dissipation of traffic over the pesk period. Consequently,
current models are unable to evaluate the impacts of strategies to spread the peak or to divert pesk
period trips to off-peak times. The models are aso unable to provide the necessary vehicle speed
profiles needed by air quality models to accurately measure CO emissions.

Three of the four reports (RDC, Cdiper, & LTRC) explicitly recommend research to develop an
operationdly efficient dynamic assgnment modd that incorporates time-sengtive loading of vehicles.
Such amodel would load trips onto the transportation network according to some user-specified time
interva (e.g., a3-hour peak might be divided into eighteen 10-minute intervas). After each loading,
new link speeds would be computed based on the link volume/capacity ratios attributed to the newly
loaded traffic and the progress made by traffic loaded in earlier intervals. New paths would be
developed based on these revised speeds, and traffic would be routed along the network to alocation
commensurate with their goeed and the assgnment dgorithm (e.g., al-or nothing, stochastic user
equilibrium) over the specified time interval. These new locations would provide the basis for
recomputing link volume/capacity ratios for the next time interval. The procedure requires sgnificantly
more computing capacity to keep track of flows over the time intervals, and requires more detailed
temporal data on flows for mode cdibration. However, both requirements are seen as feasible given
current computer technology and emerging automated data collection methods.
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3.1.2.3 Expand the use of disaggregate choice models.

Three of the four reports (Cdiper, MIT, & LTRC) suggest that disaggregate choice models still provide
atheoreticaly sound, methodologicaly practica structure for analyzing and forecasting travel behavior
involving choice decisons. The mgor issues associated with using; disaggregate choice models relate
to: (1) more accurately identifying those travelers who actualy have a choice, and (2) expanding the use
of disaggregate choice models in current trangportation planning practice,

3.1.2.4 Use microsimulation techniques to calibrate and forecast travel behavior.

Two of the four reports (RDC & LTRC) recommend the use of microsimulation techniques as amore
efficient way to expand travel decisions based on household activities in representative distributions of
urban areatravel. Neither report provides sufficient information about microsmulation techniquesto
address questions of data requirements, cdibration and verification, or forecasting, suggesting that this
may be an area where significant research and development is needed.

3.1.2.5 Link travel demand models more closely with air quality emissions models.

The current Sate-of-the-art emissons models (i.e.,, MOBILES) have been developed largdly
independent of travel demand forecasting tools. Consequently, as noted in most of the research reports,
the input requirements of the emissions models are not competible with the output of the travel demand
forecadts, either in terms of resolution or appropriate parameters. Idedly, emissons modes require, in
addition to vehicle miles of travel, vehicle speeds by link, trip length distributions, locations and durations
of traffic queues, cross-corrdated by time period and vehicle type. Much of this detailed, link specific
temporal flow data can only be derived from a dynamic traffic assgnment (see 3.1.2.2 above).

Two of the four reports (RDC & Cdiper) recommend that improved emissions modes be developed in
closer collaboration with the next generation of trangportation forecasting models to more fully take
advantage of improved data, and to recognize the limitations of the mode outputs. Caliper o
recommends that traffic assgnment models be more closdly linked to traffic Smulation models in order
to obtain more realistic representations of intersection delays and to be able to address issues related to
system-wide impacts of improved traffic management.

3.1.3 Data Requirements
Not surprisingly, most of the model enhancements described above require different or more detailed

data than is needed for the current generation of trangportation forecasting models. This section
describes the types of new data recommended by the reports to support the next generation of models.
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3.1.3.1 Household Activity Diaries.

In order to migrate from trip-based to activity-based travel demand forecasting models, it is necessary
to collect data on activities, both those that result in atrip (as currently defined) and those that don't.
Three of the four reports (RDC, MIT, & LTRC) recommend the collection of activity diaries to support
model research and development. The leve of effort proposed to collect the activity diaries varies,
however. Initidly, useful activity data can be obtained from severd diaries that have dready been
collected, including conventiond travel diaries and activity diaries collected in support of earlier research
activities. Eventudly, more extensve household, multi-day diaries will be required to capture
interactions and role dlocations among household members and consolidation or deferrds of activities
over severd days.

3.1.3.2 Sated Preference Surveys.

Three of the four reports (RDC, Cdiper, & MIT) identify the problem of forecasting use of a new
option (e.g., anew trangit mode or an electric vehicle) when no onein the study area population has any
persond experience with using it. Simple hypothetical questions related to expected use result in serious
overestimation; more sophigticated survey methods (e.g., conjoint andlyss) are not well understood by
trangportation planners. Each of the three reports recommends that efforts be devoted to developing
practica survey procedures that can be used to obtain valid estimates of market penetration for new
travel options.

MIT further recommends that additional research be devoted to the use of computer smulation and
emerging concepts in virtud redlity to provide survey respondents more redlistic representations of
choice stuations for new travel options.

3.1.3.3 Longitudinal Panels.

Current trangportation forecasting modds are typicdly calibrated using cross-sectiond data from an
arearwide travel survey. Implicit in this cdibration is the assumption that variations in traveler responses
to geographic differences in trangportation service levels at one point in time can be used to approximate
traveler responses to changes in transportation service levels over time. At least two of the reports
(LTRC & MIT) suggest that this assumption may not be vaid due to unresolved questions about
adaptation and response lags, and the effects, of macro-level economic and demographic changes that
may impact the entire udy area.

Three of the four reports (RDC, MIT, & LTRC) recommend that longitudina panel surveys be
conducted to explore changes in the behavior of specific travelers over time in response to changesin
demographics and life style, introduction of new transportation options, and changes in transportation
sarvice levels. Threereports (RDC, Cdiper, & MIT) recommend that before and after surveys should
be conducted in conjunction with various transportation service experiments or demongtration projects
to better monitor the impacts of the service change, and contribute to the growing knowledge, base on
traveler responses.
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3.1.3.4 Establish a Transportation Research Database Library.

Household activity diaries, stated preference surveys, and longitudina panels are mgjor data collection
efforts that are both time consuming and costly to conduct. Surveys conducted in support of local
transportation planning must often compromise on sample size, number of questions asked, or number
of call backs to keep within dlowable budgets. Consequently, the vaue of these data collection
activitiesto other travel behavior researchersis often limited.

Three of the four reports (RDC, Cdliper, & LTRC) recommend the establishment of atravel behavior
research database and/or data library, supported by Federa funds, to provide the requisite data needed
for development of transportation forecasting models. Current travel data collection efforts, such asthe
Sesttle longitudina pand, should be included, and possibly enhanced by the availability of Federd
grants or demondration funds. The survey datawould be available to dl researchers dong with
gppropriate documentation and background materidl.

3.1.3.5 Detailed network information.

Two of the four reports (RDC & Caliper) suggest that more detailed network information is needed to
obtain more precise measures of trangportation level of service parameters. Thisinformation is needed
to support more detalled emissons modes, and to andyze the impacts of various microscae traffic
management drategies. This network information can be derived and utilized through GIS technology
which will dlow modelsto be cdibrated usng point-to-point trip records.

3.2 Missing Elements

While each of the reports provides a reasonable overview of their proposed approach, none of themiis
complete in terms of fully addressing dl of the problems that would have to be overcome to produce an
operationa set of trangportation forecasting models. (Note: The FHWA did not require a complete

study design)

The Cdliper report focuses on the trip assgnment process, discussing in detail the merits of stochastic
user equilibrium, dynamic networks with time-sengtive loadings, and the integration of traffic Smulation
into the assgnment process. Extensions of the assgnment process to other travel decisions (e.g.,mode
choice) would be handled through the use of "supernetworks’, or the coding of pseudo network linksto
represent higher level travel decisons. Thereisno discussion of the interaction between travel and
higher level mobility discussons like resdentid choice, vehicle acquisition, or even trip generation.

The MIT report provides an overdl framework for trangportation forecasting models, relying extensively
on the use of disaggregate choice modes as the primary modeling methodology. The report focuses
heavily on the influence of information technology on both mobility and dynamic travel decisons, and
discusses how and where informetion technology variables should included into the various choice
modds. Thereisrdatively little discusson of issues other than information technology, such as
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transportation control measures to support air qudity attainment, or the introduction of new
trangportation options. It isnot clear from this report what modifications would need to be made to
disaggregate choice models to effectively address these other, equaly critical trangportation planning
iSSues.

The LTRC report proposes a basic change in methodology from disaggregate choice modelsto a
microsmulation of household activities under spatia and tempord congraints. There is some discussion
of how amicrosmulation gpproach would be cdibrated, but little discusson of how the methodology
would expand from individual samplesto an entire urban areatravel pattern. The proposed approach
aso relies on anumber of fundamenta assumptions about activities (e.g., classfication into mandatory,
flexible, and optiond activities) that requires some empiricd verification. Findly, the report focuses on
household/individua activities that lead to trave; it does not expand the approach to more long-term
mobility or urban development decisons.

The RDC report provides the most comprehensive framework for an integrated set of trangportation
forecasting models. Like LTRC, the RDC approach proposes to shift from disaggregate choice modds
to amicroamulation gpproach. This gpproach is incorporated throughout the moded framework, from
the activity-mobility decison process, to vehicle acquisition, socio-demographic trends, and urban
sysdems. All of the smulation modules are linked to provide a complete process tying travel decisons
back to mohility decisons, which in turn are constrained by urban development and transportation
policies, and by longer term demographic trends. The mgor dement missing from this discusson,
however, concerns the technica details of calibrating and then applying the microsmulation gpproach to
generate urban travel patterns.

4. RESEARCH STRATEGY
4.1 Overall Research Framework

While each of the four reports provides some useful ideas toward developing a new generation of
transportation forecasting models, none of them presents a comprehensive research plan to move from
current theories to operationa planning tools. Indeed, most of the recommended approaches require
additiona research smply to determine whether the theories can even be incorporated into a practica
model structure.

With no clear cut winners or losers among the research reports, the most fruitful srategy et thistime
would be to establish a research environment that (1) supports projects which support severd different
approaches; and (2) supports projects oriented toward a specific approach so long as they continue to
make satisfactory progress toward the development of operationa planning tools.

Based. on the recommendations of the research reports, there appear to be three principa approaches

for improving travel demand forecagting models. (1) the activity anaysis/microsimulaion model
recommended by RDC and LTRC; (2) enhancements to disaggregate choice models recommended by
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MIT and Cdliper; and (3) modeling of travel choices other than traffic assgnment using network modds
recommended by Caliper.

4.2 Specific Travel Model Projects

The first two projects represent important prerequisites to further activitiesin the activity
andyssmicrosmulation and network models. The other three projects are generd support activities
whose successful completion should benefit dl travel demand models.

4.2.1 Flesh out strategies on applying microsimulation to travel demand for ecasting.

Of the three modd gpproaches, the activity analyssmicrosmulation gpproach isin the earliest stages of
development toward an operationa planning tool, and therefore represents areatively high risk but high
potential payoff approach. The approach is gppeding in that it incorporates travel behavior theory that
has been developed over the past two decades and reflects a new methodologica approach that may
have certain advantages over both aggregate Satistical model's and disaggregate choice models.

However, one of the glaring omissions from both the RDC and L TRC reports was any technicd
discussion on how amicrosmulation of individua trip patterns can be expanded to produce aggregeate
patterns of travel demand for an entire study area. Such a discussion should address issues associated
with data requirements for validation and gpplication (e.g., what sample szes are required to get a
representative distribution of al relevant demographic profiles and trangportation characteristics?),
computer processing requirements (i.e., does microsmulation imply multiple runsto obtain a
representative digtribution asin amonte carlo smulation?), transferability implications (i.e.,, can
microsmulation be transferred from one study area to another without massive new data collection?).

These questions should be fleshed out more fully in afollow-on technica project. Project funding
should be sufficient to enable a thorough discussion of the issues and dternative implementation
methodologies as well as limited empirica testing of some of the mogt promising methodologies. Initid
efforts should focus on the smulation of household activities and travel behavior, with potentid follow-
on extengons to other, longer term mobility decisions as suggested in the RDC framework.

4.2.2 Develop a dynamic assgnment model, incor por ating time-sensitive networ k loadings.

A key deficiency in current travel demand modelsis their inability to address issues associated with
departure time choice and tempora distributions of vehicles on the network. The development of an
operationa dynamic, time-sengitive network mode represents a critical step in making transportation
forecasting models responsive to these problems.

A project to develop such amode should be initiated. This project should be oriented toward

development of efficient dgorithms for handling the multiple time period accounting of vehide loadings,
of link volume-to-capacity ratios and link speeds, and incrementa assignment of vehicles. Follow-on
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work would include an operationd test and validation of the dgorithms using data from a moderate sze
study area.

4.2.3 Conduct research on theuse of GISasa platform for developing and applying
transportation forecasting models.

GIS technology appears well suited to be a unifying platform for data management and integration,
modd calibration and application, and the presentation of trangportation mode forecasts. A research
element should be included in the overdl study design to: (1) increase the vishility of GIS among the
transportation planning community; (2) address the near term barriers to implementing transportation
planning models on a GIS platform; and (3) suggest operationd improvementsin spatid database
design, GIS andyticd functions, and forecasting models to facilitate the development of Gl S-based
trangportation forecasting tools.

4.2.4 Establish atransportation research datarepostory.

One of the mgor contributions that FHWA could make to support ongoing research in travel demand
research would be to establish arepository for databases developed from innovative surveys such as
the Sesttle longitudina pand, or the Boston household activity diary. These databases would be
augmented with clear and complete documentation and would be available for use by travel behavior
researchers in academia, in trangportation consulting, and in public agencies. The avallability of such
databases could significantly reduce the high front-end costs associated with new data collection for
transportation research. The repository could aso serve as a clearinghouse for information on current
transportation planning research, innovative trangportation experiments and demongtrations, and
proposed data collection activities that researchers with limited data collection budgets could piggyback
onto.

In conjunction with the transportation research data repository, FHWA could aso provide seed money
or incremental funding to innovative data collection efforts to help expand the sample size, support high
risk data collection techniques, or include supplementary questions that would increase the research
value of the effort at low incrementa cog.

4.25 Investigate the required linkages between travel demand and mobile emissions models.

A high priority research element, brought about by assumptions underlying the transportation control
measures of the Clean Air Act Amendments, is an investigation of the vaidity, accuracy and sengtivity
of the relationships between travel demand and mobile source emissions. As stated above, emissons
models have been developed largely independent of the travel demand models which are expected to
provide their input data. Thereis an immediate need to assess the reasonableness of the input data
requirements to emissions modelsin view of the type and accuracy of data forecast by current
trangportation planning models. The investigation should identify what deta is needed, whether or not
these data can be provided by current models, and what additiona model enhancements will be needed.
Conversdy, the investigation should provide feedback to emissons modders regarding what type of
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data they can reasonably expect from current and/or future trangportation forecasting models and at
what level of accuracy.
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