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Modeling the Urban Continuum in an Integrated Framework

INTRODUCTION

SIMTRAVEL is envisioned to be a comprehensive integrated lamdrassport model system capable

of offering pdicy sensitive forecasts to a wide range of modal and sectmomic scenarios in a variety

of geographic contexts. It is envisioned to be multimodal with the ability to accommodate highway and
transit modes in the accounting of personal travel. Thus,dherarching goal of this mulgear project

is to develop a comprehensive multimodal model system of personal activity, travel, and location
choices. There are inevitably going to be aspects of travel that are not modeled, particularly in the initial
prototypes of the model system, includiggfor exampleg bicycle and walk travel, freight travel, visitor

and tourist travel, longlistance travel, and travel of goods and services.

This project will culminate in the development of SIMTRAVEL, ansipete modular software system

that includes a series of tightly integrated model components and databases that collectively represent
relationships in time and space that define the urban continuum of travel and land use. The intent of
the project team is tobreak down the development effort into a series of milestones, wherein
components or initial prototypes are released on a periodic basis to the user community. This will
facilitate user experimentation, testing across a wide variety of contexts (thisalraady been
experienced in the context of the release of the Population Synthesizer, PopGen), and regular feedback
and input from the modeling community.The overall project effort is a thregear undertaking with

each year constituting a significaniepe of the model development effort:

e Year 1: Background research, identification of issues and challenges, review of models in
practice and research domains, identification of model components, overall approach to model
design

e Year 2: Detailed model dgs and layout, development of database structures, identification of
test site, estimation and testing of individual model components usingsgigéeific datasets,
programming of opersource modules of various model components

e Year 3: Continue programmingf opensource model modules, integration of model
components, extensive testing and scenario analysis, reporting and documentation

This document constitutes a report on Year 1 activities and accomplishments of the project team. The
report constitutes dollow-up documentation to the report submitted in December 2008 in conjunction
with the peer review panel meeting hedt that time. The report in December 2008 focused heavily on
providing background information about the issues and challenges assbeidte the development of
integrated model systems, the various design options that have been developed in practice and research
arenas, the different model components that will be developed as part of this project, and the overall
approach towards the dégn of an integrated model system in this proje€ollowing that meeting,he
acronym for the integrated model systemas changed to SImTRAVEL to more accurately reflect the
nature of the effort. Thsreport focuses heavily on the following aspectsha# project effort:

¢ Model DesignThe design of the model system is presented in great detail in this report. The
design of the model system was influenced by many of the behavioral aspects, and modeling
issues and challenges, discussed in the first repod during the first peer review panel
meeting. The model design is presented in a digstep manner so that the inner workings of
the model system are clear to the reader. The idea is to ensure that SImTRAVEL is not a
LINE @S ND % 12 fE ¢ & oandgdbent lentity With the user fully aware of all relationships and
interactions incorporated (and not incorporated) in the model system.
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Modeling the Urban Continuum in an Integrated Framework

e Model Operation In addition to the detail model design, it is important to consider the
operational implementatiorof the model system. There are many operational issues associated
with testing and implementing a model system of this magnitude. These operational aspects
include a detailed description of the interface across model components, the feedback loops
that are incorporated, convergence criteria, number of simulation runs for achieving stable
results, ensuring consistency across models in terms of behavioral paradigms and parameters,
and model logic and estimation methods.

e Model Development and Testing Prese The development of a large integrated model system
is a major effort that requires careful planning and the clear identification of a series of
milestones and interim deliverables that keep the development effort on track with the ability
to obtain peiodic feedback from the user community as well as the peer review panel. This
report will offer a detailed plan for the model development process and model testing and
validation procedures. All key milestones will be identified, interim deliverablébevdpecified,
and model testing and validation procedures will be laid out in detail. Within this component of
the report, the project team will identify the test site options that are under consitien and
the key factors that will influence the uttiate selection of test sites for prototype deployment
and testing.

e Specification of Model Validation and Acceptance CriterModel calibration and validation
procedures are critical to the acceptance of any model system. As such, it was considered
prudent to incorporate detailed discussions on the model validation and acceptance criteria that
will be used in the model development effort of this project. While model validation will
consider more traditional procedures such as comparing model outpgéinst known real
world conditions in terms of spatial distribution of residences and employment, census
tabulations, trip length distributions by purpose, time of day distributions of travel by purpose,
modal splits by market segment, transit ridershipaftic counts, and screenline and cordon
O2dzytilaz (GKS&aS GNIRAGAZ2YL Gt ARFGAZ2Y LINRE OSRdz
integrated microsimulation model system such as SINTRAVEL. The project team envisions
undertaking extensive sensitivity angly to test and truly validate the reasonableness of
SIMTRAVEL and all of its parts. Model validation and acceptance criteria need to be established
for each model entity that comprises the integrated model system, as well as the model system
as a whole.

e Software Architecture and Data Structure$he project team will be developing a set of open
source modules that will collectively comprise SImTRAVEL. At this time, the project team has an
Open Platform for Urban Systems (OPUS) infrastructure in phatean beeffectively utilized
for the deployment of SiImTRAVEL in an epenrce environment. In addition, the project team
has been developing efficient data structures and data handling procedures to ensure
computational performance is not compromisede to the need to handle databases that are
inevitably very large when one is dealing with fine tispace resolution.This report will not go
into detail on these aspects of the project, but will provide some initial indications of the
directions and ptions under consideration by the project team. It is envisioned that an interim
report explicitly focusing on software architecture and database structures will be prepared and
submitted for review by May 2010.

SIMTRAVEL Model Design and Prototype Development and Testing Plan Page2



Modeling the Urban Continuum in an Integrated Framework

SIMTRAVEL MODEL SYSTEM DESIGN

This gction presents a detailed description of the design of SImTRAVEL. The section begins with a recap
of some of the key behavioral considerations and paradigms that were outlined in the first report
presented in December 2008. The objective of the projeam was to develop a model design that
constitutes a truly integrated land usgtravel demand; dynamic network assignment model system as
opposed to a loose coupling with rather simplistic interfaces. Following this brief recap of the
behavioral considrations and paradigms, this sections offers a detailed description of the overall model
design. This is followed by detailed descriptions of the key model components that are tightly woven
together ¢ the activitybased model system and the dynamic trafissignment model system. The
section then presents a detailed discussion on accessibility measures and other network level of service
attributes that influence location choices in the land use microsimulation model system. Finally, a
detailed discussioon the treatment of transit modes is presented. This discussion is aiasprigress

as the transit modeling methodology will inevitably have to be revised and tweaked during prototype
development and testing stage. The project team is adopting asitraathedule and routebased
approach that explicitly ensures that only feasible transit trips take place and internal consistency is
maintained in a robust manner through appropriate heuristics, checks, and balances.

PHILOSOPHY UNDERLYING DESIGAVEHRAL PARADIGMS AND OPERATIONAL CONSIDERATIONS

The development and application of dynamic microsimulation approaches to land use and travel
analysis has been largely spurred by the valuable insights into travel behavior and location choice
behavior thathave been acquired over the past few decades of behavioral research. During this period,
aggregate demand models gave way to more disaggregate models that are largely estimated at the level
of the individual household or traveler, but applied to largeatial blocks such as traffic analysis zones.
Due to the increasing need for firggained application of models to address policy issues and questions
of relevance to planning contexts of today and tomorrow, the profession has gradually but surely moved
into the domain of microsimulation modeling where movements and choices of individual travelers and
vehicles are simulated in time and space with varying degrees of granularity. In developing such a
model system, what are the key behavioral paradigms thefting the model structure, relationships
among choice dimensions that need to be explicitly incorporated into the model system, and
operational design elements that guide the model implementation strategy? In the previous report, a
detailed account of succonsiderations was presented with detailed discussions and alternative options
that may be considered in developing a model design. In this subsection, a recap obktmee
considerations is provided to highlight the issues addressed by the pteputt

The project team strives to represent behavior al@ogtinuous time It is possible to represent time as
discrete periods or chunks of time, and determine the scheduling of activities and trips using discrete
choice models that place trips (orucs) into time of day blocks or periods. While this is computationally
convenient, particularly when available networks are not necessarily -¢ianging, such a coarse
treatment of time leaves much to be desired. Time is a continuous entity, activigtioins and travel

times are continuous variables, and the figeined treatment of time offers the ability to handle fine

tune adjustments and changes to activity schedules and trip departure and arrival times. The ability to
model activitytravel pattems along the continuous time axis, particularly in response to policies that
aim to shift travel along the time axis, motivates the treatment of time as a continuous entity in the
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model system proposed here. Such a treatment of time is also necessargoaststent with the
paradigms and approaches embedded in dynamic traffic assignment models; in other words, the
discrete period treatment of time is really possible only when it is limited to the demand model
component and one is going to use static assignt procedures with aggregated origilestination
matrices.

The project team recognizes that there are myr@mhstraints and interactionthat influence activity

travel patterns and land use location dbes. There are interactions amonhoice procseses, such as
those between residential location choice and work/school location choices. There are interactions
among individuals, both within households and across households (particularly amevgylars, for
example). There are dependencies that s accommodated such as that involving children, whose
travel needs can only be met through certain travel arrangements (e.g., public transport, bicycle or walk,
chauffeuring by an adult}c thus imposing constraints. Similarly, there are interactions en
dependencies across activities and trips, particularly those that belong to the same trip chain or tour.
There are timespace prism constraints that, under most circumstances, cannot be violated as people
are limited to a certain action space, the siewhich is usually determined by the speed of travel,
network characteristics, and mandatory activity requirements in the daily schedule. There are modal
constraints such as those associated with the availability (or lack thereof) of a personal vaittes

more rigid nature of transit schedules, routes, and hours of operation.

When one is considering the design of an integrated landqusansport model system, the need to
recognize the presence ééedback processas further amplified by thdact that feedback loops may
exist both within and across model components. The incorporation of feedback processes tends to add
complexity to the modeling process, and it is sometimes difficult to interpret the behavioral
phenomenon that is representely the presence of a feedback loop. However, feedback loops play a
vital role in representing the learning process that travelers use to modify and adjust their schedules,
particularly over time based on past experience. Feedback loops also playa opiticin bringing a
model to an equilibrium point or sta, for example, to a state where travel times obtained from the
network model no longer change from one iteration to the nekt.designing SImTRAVEL, the research
project team has attempted to axpt fewer feedback loops, only those that are critically required to
represent behavioral processes and bring about a stable state. In this context, the project team is
examining convergence criteria typically used in model components and the extentith whch
convergence criteria can be easily transferred to an integrated model development context.

One of the major challenges associated with the development and implementation of an integrated
model system is that oftomputational burden and efficieg Microsimulation model systems
essentially purport to simulate the behaviors of individual agents and deaisaking units in a fine
grained timespace representation. These model systems include numerous components, must run
through a series of comytations for the entire population of a region, and do this a number of times
through feedback loopantil convergence is achieved. Moreover, simulation models must often be run
dozens of times as each simulation run is merely one stochastic realizdtitve ®dehavioral process
depicted by the model systenDatabases used in largeale finegrained integrated model systems are
inevitably extremely large and the handling of these databases imposes significant computational
burden.

While great stridek | S 06SSy YIRS Ay GKS YAONRBAAYdZ | GA2Y
there has been relatively less progress in the microsimulation of multimodal travel involving transit
modes. Although the demand component of the model system may incorporatsitrmodes in the

SIMTRAVEL Model Design and Prototype Development and Testing Plan Page4
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mode choice component, the dynamic traffic assignment is often limited to routing private automobile
trips only. The transit assignment process often defaults back to a static assignment praitess
aggregated transit orighdestination tables serving as input to the transit assignment step. In simulating
transit travel, it is necessary to ensure that several key constraints and aspects are adequately captured.
These include:
e The representation of transit access and egress legsrgf a t
e The limits placed on a destination choice set to include only those destinations that can be
reached by transit
e Consideration of constraints associated with transit schedules and hours of operation
¢ Inter-relationships between transit networks and higaynetworks (buses run mostly on
roadway networks; when a roadway network gets congested, speeds reduce for both auto
and bus modes)

Finally, a key consideration in the model design was the desire of the project team to develop a
integratedmodel sptem, one in which activitfravellocation choice behavior is captured in a coherent
behavioral framework that seamlessly brings model components together. Integrated model system
development often reduces to a loose stitching of multiple model systamh as a land use model,
travel demand model, and network assignment model. Data and outputs flows from one model to the
next in a sequential fashion, and although feedback loops across model systems are present, the overall
framework constitutes a looseoupling of model components. Such a loose stitching of disparate model
components limits the ability to represent behavioral phenomena that cut across multiple model
systems, bring about efficiencies in data handling and access, and may induce belhasonisstencies

that cannot be effectively reconciled. The project team strived to develop a truly integrated model
system, one that would appear to represent behavior in its entirety across thedpraee continuum.

OVERALL MODEL FRAMEWORK AND DESIGN

This section presents a detailed description of the proposed integrated model design, with heavy
emphasis on the linkage between the activitgvel demand model and the dynamic traffic assignment
model. The land use microsimulation model, although gri@ to the overall model system, is not linked

to the extent that the demand and network supply models are integrated. This is because the land use
model deals primarily with longer term location choices, and employment and residential land use
phenomenathat serve as inputs to the travel model system. The activityel demand model and the
dynamic traffic assignment model, on the other hand, deal with short term travel choices that are
inextricably linked together.

Two basic approaches were congielg to undertake the model integration. One approach, which is
essentially ssequentialprocess, involves a loose coupling of model systems. Each model system is run
virtually independently without any crodimkage across the model systems. In this @urtion, the
activity-travel demand model would be run through its series of steps and feedback loops with a certain
set of network level of service attributes until complete actititgvel patterns are simulated for all
individuals in the population.These activitytravel patterns would then be fed to the dynamic traffic
assignment model that would then proceed through its series of steps and feedback loops until a stable
set of travel times is obtained. This stable set of travel times would theedbdck up to the activity

travel model; the activitytravel model would be run using this new set of network level of service
attributes, and a new set of activityavel patterns will emerge. This new set of actitrgvel patterns

would be fed into tle dynamic assignment model, which would (in turn) produce yet another new set of

SIMTRAVEL Model Design and Prototype Development and Testing Plan Pageb5



Modeling the Urban Continuum in an Integrated Framework

travel times for the activibased travel demand model. This sequential process of running each
individual model system independent of the other with simple inputput data flows connecting the

two entities constitutes a sequential process in which model systems are loosely stitched or coupled
together. This design is not keeping with the spirit of this project.

The project team has designed an integrated model systemwvhich the demand model and the
network supply model constantly communicate with another. In this design, activities and trips
generated along the continuous time axis are routed and simulated on the network as they happen. In
other words, this desigradopts more of an everbased paradigm in which every activity, trip
RSLI NIIdzZNB>X GNRALI FNNAGIES yR OK2A0S AyaidlyOoS Aa
overalldesign framework is shown in Figure 1.

In the activitybased model systa (described in the first interim report and in some detail again later in
this report), mode and destination choices for various activities are determined using joint
mode/destination choice modeling approach. The mode choice set includes only thasates that

are feasible at any given point in time while the destination choice set includes only those alternatives
that can indeed be reached by the fastest mode possible in the mode choice set, while adhering to time
space prism constraints. Therjbimodedestination choice model component uses network level of
service attributes (primarily travel times) to simulate these choices. Therefore, the attaxigt
demand model needs an initial set of network travel times to get started. These triti@l times

could be derived from the existing validated featep travel demand model. However, as these travel
times are likely to be very different from those obtained from a dynamic traffic assignment based
algorithm, the project team will employ dnitial bootstrapping procedure to obtain a more consistent
initial set of travel timeg; i.e., more consistent with travel times that are likely to be obtained from a
dynamic traffic assignment modeling methodology. This initial bootstrapping procedilrebe
described in detail later.

For now, assume that an initial setmdde-to-nodetravel timesand origindestination shortest path&a
shortest path sebbtained through the bootstrapping procedure) is availabldwen, Figure 1 shows how
the acivity-travel demand model and the dynamic traffic assignment model will be linked together in a
truly integrated framework. The timeesolution in the activittravel demand model is one minute.
Essentially, activities can begin and end, and trips cginkend end, on the minute. A 2¥ur day may

be broken up into 1440 onminute periods because there are 1440 minutes in a dstyeach minute, a
number of trips, with associated origaestinationrmode-vehicle information, occur. These trips come
from the activitytravel demand model which populates each trip with these essential four ingredients
of information. In addition, the activityravel demand model also provides information on number of
occupants, relationship among occupants in a vehicléjcke type and identifier, and trip purpose.
Armed with the origirdestinationmode-vehicle information for all trips that occur at a minute, the
activity-travel demand model passes all of this information to the dynamic traffic assignment model.
The setof trips passed from the activiliyavel demand model to the dynamic traffic assignment model
in each one minute tm& f A OS Aa NRdzi SR® 2 NRNR LJIQ& LINARYOALX S
are allocated to different routes in the shortest patkt (between an orighdlestination pair) such that
travel times across all used paths are equal.

The dynamic traffic assignment model is capable of simulating the movements of individual vehicles in
intervals of 6 seconds. Every six seconds, the paositica vehicle (on its path to the destionation) is
updated. Each minute has 10-siecond intervals, thus allowing one to monitor the position of each
vehicle on the network every six seconds. In order to avoid lumpy loading of vehicles onto theknetwor
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at each minute, vehicles will be loaded onto the network every six seconds. Thus, there will be 10
instances of vehicle loadings in each minute within the dynamic traffic assignment model. All trips
passed from the activity model to the dynamic trafssignment model at each minute will be
uniformly distributed across the ssecond time slices.

After the vehicles are loaded, the trips are actually simulated on the network in terms of their
movements. As mentioned earlier, positions of vehicleslmmonitored every six seconddVhile it is
theoretically possible to update node-node travel times at the same resolution of six seconds, this is
probably unwarranted and computationally very burdensome. Therefore, the project team felt that a
resoltion consistent with that of the activitravel demand model can be used for updating link travel
times. Thus, the dynamic traffic assignment model updates #odwde or link travel times every one
minute based on network conditions. Using wedtablshed macroscopic spedbtbw relationships, the
speeds and travel times on every link are updated on a mibytminute basis. Vehicle trips are now
executed on the network using these travel time updates until vehicles reach the assigned destination.
Thearrival time is obtained from the dynamic traffic assignment. The dynamic traffic assignment model
feeds back to the activithased travel demand, in every one minute time slice, the set of trips (with all
necessary identifiers and attributes) that haneached their destination. The activibased model then
allows these individuals to pursue their activities. The time allocation to an activity is computed using a
duration model, while ensuring that timgpace prism constraints are not violated. Whaenactivity is
completed, an individual reaches the next decision point on undertaking an activity. The- mode
destinationvehicle combination for the next activity is determined in the actibtged travel model

and the set of trips generated in each onmenute time slice is fed to the dynamic traffic assignment
model.

In each one minute timslice, there will be a set of trips that are fed from the actilised travel
model to the dynamic traffic assignment model, and a set of trips that are fed thendynamic traffic
assignment model to the activilyased travel demand modelThe timedependent shortest paths are
obtained at the end of one 2Bour simulation or iteration. At the end of a -hbur simulation, one
obtains a set of link travel timas nodeto-node travel times for every minute of the day. For example,
if there are20000linksin a network, then one will hav20000x 1440 link travel times. Using these link
travel times, thek time-dependent shortest paths between all origilestingion pairs can be computed
for every minute of the day. Just for simplicity, if one assumed the valligoobe constant across all
origindestination pairs, then the number of tirependent shortest paths defined for each ene
minute time slice would ba x n x k where n is the number of origins or destinations. Considering that
there are 1440 minutes in a day, the total number of tidependent shortest paths that are generated
and carried from one iteration to the nextmsxn xkx 1440.

Thus, tle integrated model system developed for this project incorporates some very appealing
features. It actually accounts for the fact that arrival times are determined by conditions on the
network, not based on some preconceived and predetermined travel tim€bus, arrival times are
aAYdz F GSR YR RSGSNWAWSER HIA2)YSINT 6 K& Oy (6ANSdz2 dza
simulations of vehicle movements and updated vehicle speeds (every minute) within an iteration. On
the other hand, thek time-dependernt shortest paths are defined in such a way that-d@yday learning
processes are mimicked. The overall feedback loop may be considered representative €baalpy

i 7

learning process whereby KS a S 2F akK2NISad LI GKa F&d &0 @R 2SR

traveler experiences. This updating process is captured by the larger feedback loop shown in the figure.
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Consistent with the niioon of dynamic traffic assignment, shortest paths computed in this algoraham
time-dependent shortest paths. Tirdependent shortest paths recognize the fact that time elapses
when one moves from one link to the next along a route/path. Say, a rbateeen an origin
destination pair is composed of five links. The travel time for the route is not equal to the sum of the
link travel times at an instantaneous moment in time. Instead, the travel time for a route is computed
by aggregating travel timeacross links in a timdependent manner. For example, suppose it takes 5
minutes to traverse the first link. Then, the travel time on the second link that is added to the first link
travel time is that which is experienced five minutes later (i.e., fizvneutes after the start of travel at

the beginning of the first link). This process continues until the travel time for a route is computed. The
k time-dependent shortest paths are identified in this way for each osiistination pair. The value of

k will be determined as part of the model development and testing phase, although it is expected that
the value ok will be at least two and no more than five. The algorithm will accommodate varying values
of k across origirdestination pairs.

How does or get the process started? As can be seen from the figure, it is necessary to have la set of
time-dependent shortest paths to get the integrated model system started. One way to do this is to use
the link travel times from an existing validated fesiep travel demand model. The link travel times
from the model can be used to compute origlastination route travel times and identify the shortest
paths. However, there is a problem with this approach. Because the travel piroeisled by the four

step travel demand model are obtained based on coarse aggregations of time periods (several hours at a
time with just 45 time periods in a day) and obtained using orgé@stination matrices derived from
trip-based estimates of demand, these travel times arelikely to offer a robust means of computikg
time-dependent shortest paths.In order to obtain a more robust set of travel times and time
dependent shortest path set at the beginning, the project team plans to implement adi@ayping
procedurethat is depicted in Figure 2.

In this bootstrapping procedure, the travel times from the validated fetep travel demand model are
used to do a complete run of the activibased travel demand model. Arrival times are determined
based on the travel timeprovided by the foustep travel model. After a complete 2¥ur simulation

of activitytravel demand is completed, the trips are aggregated inten80ute origindestination
matrices. These 3Min origindestination matrices are fed into the dynamiaffic assignment model.
Dynamic traffic assignment models are fully capable of reading in atigtination matrices and
uniformly distribute the traffic demand of a 3@inute period across the time span to facilitateute
assignmentand vehicle simutdon. The dynamic traffic assignment model will run through a complete
24-hour simulation and output nodé&-node or link travel timeat one-minute resolution.

Essentially, the bootstrapping procedure mimics the more traditional sequential proc€sgyin
destination travel times are used in the activiigsed travel model to generate complete activitgvel
schedules for all individuals in the population. These schedules are then aggregated into a set-of origin
destination matrices and assignedngs dynamic traffic assignment models. In the first run, the dynamic
traffic assignment model will also use the travel times from the f&tep travel model and identify a set

of shortest paths for each time period based on these travel times. Howevese ghaths are not likely

to be timedependent shortest pathbecause of the aggregate treatment of time in most, if not all,
four-step travel models. The trips are assigned and vehicular movements simulated with the result that
link travel times can be diated on a minuteby-minute basis (because vehicular positions can be tracked
at a six second resolution). The link travel times are then used to compute a new set of origin
destination travel times and identify a new set of tirdependent shortest pathsA new iteration of the
bootstrapping procedure then commences. This process is continued until the-deigfimation travel
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times do not change appreciably from one iteration to the neXte set of timedependent shortest
paths and link travel timeshtained at the end of the bootstrapping procedure are used to initiate the
dynamic integrated model system presented in Figure 1.

Initial travel times from ¢
four-step travel model

Ie
<

L Activity-Based Model J

v

Trip Tables at a 30 mint
temporal resolutiol

v

[ Dynamic Traffic Assignment Moc}
v

[ Travel Times at a 1 min ]

Travel Time S ——

Temporal Resolution

Is
convergence
achieved?

Na

¥ Ye:!

Proceed to the Dynarr
Integrated Model System with
new set of estimate Travel Time

and timedependent shortest paths

Figure 2. Initial Bootstrapping Procedure for Estimating Travel Times

The two procedures desibed thus far constitute the integration of the demand and supply models for
modeling travel along the continuous time axis. The connection and integration with the land use
model completes the SIMTRAVEL framew¢ekentually, the goal is to integrat¢hese model
components with MOVES for emissions modeling, but such an integration effort is beyond the scope of
this project). The land use microsimulation model system aims to simulate the residential and work
location choices of residents in a regiomsiness and employment location choices, and other longer
term processes that capture household and business evolution. The land use microsimulation model
system was presented in detail in the first report submitted in December 2008.
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The location choe models embedded in the land use microsimulation model system are sensitive to
network level of service attributes and accessibility measures. These measures generally constitute
travel times, although cost components may also be included in accegsibifitputations. Accessibility
measures generally take the form of a weighted travel time measure that captures the quantity of
opportunities of a certain activity type within different travel time ranges of a location. Alternatively,
accessibility meases can take the form of a travel timeeighted quantification of the number of
destination opportunities that can be visited from a certain location to pursue a certain activity type
with the exponent on the travel time variable serving to discount thosstidations that are farther

away. The land use microsimulation model system employs a range of such travel time and activity
intensity based accessibility measures to reflect the impacts of such measures on land use choices
exercised by residents and bossses.

Recognizing that land use choices tend to be longer term choices, while atrtviey choices
embedded in the frameworks depicted in Figures 1 and 2 are shtatar travel choices, there is no
instantaneous feedback process between the tlameodel components and the land use model
component. Instead, the relationship between land use location choices and attaxisi choices is
assumed to have a time lag associated with it. The accessibility indicators that people experience in one
year affect their longer term location choice decisions in the subsequent year. The time resolution of
SIMTRAVEL is one year when it comes to land use location choice modeling. The travel times obtained
at the end of the process (in Figure 2) for yeare used to compute a series of accessibility measures.
These yeat accessibility measures are then fed into the land use microsimulation model system to
simulate location choices and land use patterns in year The yeat+1 land use configuration then
seaves as input to the integrated demand and supply model system (depicted in Figure 2) forlear

At the end of the process, travel times for yeafl are obtained and these are used to calculate
accessibility measures for yedrl. These accessibilityneasures are fed into the land use
microsimulation model to obtain land use configuration and location choices for ty€arand the
process continues in an evolutionary process until the horizon forecast year is reached.

In the first report submittedri December 2008, there was discussion about the potential to simulate the
activity-travel patterns of only those individuals who actually experience a change in household/person
characteristics from one year to the next. For those households that experiem change (other than

a simple aging of one year) in location choices or household/person demographics, perhaps the activity
travel patterns remain largely unchangedy limiting the simulation to those households and persons

that actually experience &ransition of some kind, the computational burden associated with annual
simulation of activitytravel demand and location choices can be substantially reduced. While this
concept remains certainly appealing, the project team is not proceeding withrthkementation of this
approach at the outset. The implementation of such an approach requires considerable thought and the
development of a methodology that can keep track of actitigwel patterns of households and
individuals that undergo a change ges those that do undergo a change. It is also difficult to set criteria
F2N) gKIFIG O2yadAddziSa || aOKIFy3aSeé Ay OANDdzyail yosS
a 10 percent increase in income (with absolutely no other changes in the holddsérson

OKI N OGSNRaGAOan O2yailAldzi Stravel patteiisn i SirBudatios oK &8 2 T
would this constitute a nomvent that does not bring about any changes to actitiwvel patterns

Given the complexity of householdtavity-travel patterns, route choice behavior, and location choices,

it may be prudent to initially proceed with modeling behavior for the entire population in a traditional
sense. If considered feasible, this approach may be considered on a trisgafb@stee complete model

system is in place and fully tested.
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The final piece of this puzzle is to determine stopping criteria for the integrated demqampply model
depicted in Figure 2 (and the bootstrapping procedure depicted in Figure 1). #e #ne iterative
processes with feedback loops, appropriate convergence or stopping criteria must be defined. The
project team envisages that the exact quantitative criteria for stopping the process will be established as
part of the model development angksting process. The setting of convergence criteria must carefully
weigh considerations of computational burden against those of accuracy and precision in the model
estimates.

For the bootstrapping procedure, it goposed that the process be runrtbugh to convergence. The

are essentially twomeasures that will be used to determine convergence in the bootstrapping
procedure. They are 3fin aggregate orighadestination tables and origidestination travel times. It

has been reported in the litetare that the use of averaging helps bring iterative processes to
convergence in a computationally feasible and efficient manner (as opposed to more naive methods
wherein such averaging techniques are not employed). The project team will implement Yamat)tr
appropriate averaging techniques including those that weight outputs from more recent iterations more
heavily than those from previous iterations. These methods of weighted successive averaging should
help bring the process to closure efficienthCriteria will be established in terms of the maximum
allowable difference (absolute difference) between results of one iteration and the immediately
preceding iteration for each origidestination pair, as well as the overall average absolute difference
across all origirdestination pairs. Once all criteria are met (i.e., all differences between two successive
iterations are below the convergence criteria threshold values), the process is stopped and the resultant
travel times are used to start the dynaniitegrated model system process (shown in Figure 2).

Very similar logic will be applied to bring the process depicted in Figure 2 to a stegdlag he origin
destination travel times will be averaged over successive iterations and compared between tw
successive iterations. When no origiastination travel time difference (between two iterations)
exceeds a certain threshold value, and the overall average absolute difference is within a set criterion,
the process may be stopped. In addition to udirayel times, the project team will also compute-30
minute origindestination trip tables during each iteration and compare the results across iterations.
Averaging techniques will be applied to bring the process to closure in a computationally efficient
manner and prevent random oscillations of large magnitude. While it is potentially feasible to compare
link volumes or path volumes from one iteration to the next, it appears that might be prohibitive from a
computational standpoint and the nemaniguenes of the flow solution may present a potential problem

for using volume comparisons as convergence criteria. As such, it was considered more practically
feasible to compute 3@ninute origindestination trip tables from the dynamic integrated model system
and compare differences across iterations to determine if convergence criteria are met.

Thus, the project team plans to use origiastination travel times and origidestination flows
(aggregated into 30nin blocks), suitably averaged ovarcsessive itations, to bring theprocess to
convergence. The project team recognizes that this may be extremely difficult considering that there
are literally 1440 orighdestination travel times and millions of cells in the oridastination matrices.

How is it mssible to compare these millions of values and ensure that all of them are within a certain
threshold value between two successive iterations? The project team is considering allowing a certain
small percentage of values to deviate beyond the establistie@shold criterion. The exact
convergence criteria, allowable exceptions, and other exact stopping parameters will be determined as
part of the model development and testing process.
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Finally, with respect to stopping criteria and convergence, theaesh team is also toying with the idea

that perhaps convergence (in terms of two successive iterations being virtually identical to one another)
does not necessarily have to be achieved. Given that the transportation system is constantly in a state
of flux, day to day variations in travel and volumes abound, and actraitel behavior is characterized

by high degrees of randomness, perhaps the network and demand never reach a stable equilibrium
point. Under this paradigm, it may be sufficient to simgy a maximum number of iterations that the
process will be run and then accept a weighted average of the results at the end of the set humber of
iterations. If the maximum number of iterations is set to a value that is large enough,thieen
differencesbetween the last two successive iterations should not be large anyway. So, the project team
is considering a balanced approach between setting convergence criteria and controlling the process
through the deployment of a maximum number of iterations sattthe process does not continue for
eternity in case convergence criteria are not met rapidly. This balanced approach would provide for
nearconvergence, while providing computational efficiency and accommodation of the notion that true
equilibrium is n&er truly achieved in the real world.

MODEL CAPABILITIES: TREATMENT OF TRANSTHEDUIBASED APPROACH

The model design presented above is appealing in that it accommodates several concepts that have
hitherto been difficult to accommodate in effr to develop integrated demand supply model
systems. The difficulty in accommodating these concepts largely stems from the fact that, in many
integrated model development efforts, the demand and supply models are only loosely stitched
together with sone simple interfaces, and not integrated along the continuous time axis. Wheatafyll
activity schedules are generated without integrating network performance and conditions into the
activity scheduling process, then one encounters situations where iibleaactivity schedules are
generated. In particular, a loosely coupled model system has limited capability to adequately model
transit operationsn a consistent manner arttandle the impact of network disruptions and unexpected
eventson activity schedling. Among others, these are two critically important capabilities that the
project team plans to incorporate in SImTRAVEL.

The treatment of transit has generally been a challenge in the context of microsimulation modeling due
to the need to adhere taransit schedules, stops, and routes in the modeling of activityel patterns.

In the case of SIMTRAVEL, these challenges are largely overcome because of the nature in which activity
travel patterns emergean the modelover the course of a 2hour perbd. SImMTRAVEL will utilize
complete information contained in detailed transit networks, transit schedule tables, and stop and route
information. The activitpased model system in SIMTRAVEL essentially uses this information, together
with activity/trip attributes, to determine whether a transit mode is a feasible alternative. If the transit
alternative is feasible, then transit is included in the choice set; otherwise, transit is not included in the
choice set and the mode cannot be chosen. As theictravel pattern emerges over the course of a
24-hour period, the inclusion or exclusion of transit can be determined on an adbysactivity or trip-

by-trip basis without any inconsistency creeping into the transit modeling process. In addititre as
activity-based model system utilizes a joint medestination model specification, only those
destinations that can indeed be reached by transit would be coupled with the transit mode to constitute
the joint choices.

The activitybased travel modelincludes numerous checks to ensure that transit is treated in a
consistent and robust manner. For example, consider the following:
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e If a trip (activity) is taking place at a time during which transit does not operate, then transit is
not included in the éasible mode choice set.

e |If a mandatory activity (such as work or school) takes place at a location that is not served by
transit, then transit is not included in the feasible choice set for the journey that includes this
mandatory activity.

e If a persm vehicle has been used for any leg of a journey, then the personal vehicle has to be
used for other legs of the journey unless the vehicle can be parked at a-tomkeschool
location. At the beginning and end of the-Bdur simulation period, all persah vehicles must
be at home base. However, an individual who drives to work may park the vehicle at work, and
use transit (or other alternative modes such as bicycle and walk) fodaydvorkbased tours
(e.g., going to lunch).

¢ Only feasible modélestimation combinations are included in the choice set for modeling mode
and destination choices. If a destination is not reachable by transit, then that particular gnode
destination combination will not appear in the feasible choice set.

Even with this cosistent treatment of transit choice behavior, there will be issues related to transit
access and egress that will need to be addressdthe project team will obtain existing model networks
from the selected prototype case study sites; such networkisgeiherally include coded transit access
links with travel time attributes for both autaccess and walk/bicycle acces#n addition, model
networks include transit schedules with stop locations and headway information that can be used to
determine boardng and alighting locations and waiting times. In the microsimulation modeling context,
where the movements of individual travelers are being simulated along the continuous time axis, it is
possible to accommodate the notion that individuals follow thensia schedule in situations where
transit headways are very large. On the other hand, if transit headways are rather short (say, 10
minutes or less), then it may be assumed that travelers do not consult the schedule, but just come to
the transit stop at andom. Where an individual consults a transit schedule (because the headways are
large and the individual would not want to wait for an extended period to catch the transit service), the
activity-based model includes a module dedicated to adjusting agtirations to accommodate the
need for an individual to arrive at a transit stop location just prior to the transit vehicle arrival. For
example, say the activity duration model predicts that an individual would spend 45 minutes at a
discretionary actiity that begins at 4:20 PM. If the transit service is operating on the hour with one
hour headways, then it would appear that the individual would have to wait for a long period. The
earliest that the person can arrive at the transit stop is 5:05 PMlyiimg that the individual has missed

the 5 PM transit vehicle and must wait at least 55 minutes for the next transit vehicle. In this instance,
transit servicewould be associated with a large negative utility relative to other modes in the mode
choice sé because of the extremely large wait time (which tends to be considered quite onerous by
travelers). If a personal vehicle option (as a driver or passenger) is available to the person, then this
personal vehicle option would always be chosen. Evermpérsonal vehicle is not available, the model
may erroneously predict that people would choose to bicycle or walk because transit would have a large
negative utility stemming from the large wait time.

In order to address this situation, the activitasedmodel system has an adjustment module whereby

the activity duration of the immediate preceding activity is adjusted down by a small random number to
reflect the notion that individuals may try to adjust their activity durations to be more consistent with
the transit schedule. The activihbased model system does this for all individuals for whom a personal
vehicle (whether as a driver or as a passenger) is not available in the-aglegtieation choice set,
including those that have used the bicycle modeday previous leg of the trip chain (to recognize that
many transit agencies now allow bikes on buses). For those individuals who have the option to choose a
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personal vehicle, it may be a little more tricky. As these individuals have the option topessamal
vehicle, they may not bother to adjust their activity durations to be consistent with transit schedules.
On the other hand, some individuals who would like to use personal transit (say, for-daynibur

while at work) may time their activitywtations to be consistent with transitThe project team plans to
analyze travel survey data in depth to explore the extent to which transit users (who have a personal
automobile option in the choice set) time their activity end times to be consistdhttwansit schedules.
Based on this data exploration effort, and results from the ensuing model estimat@ngise,it should

be possible to develop model specifications that generally reflect individual behavior with respect to
transit schedule adhererec In general, at this time, the project team is leaning towards not adjusting
activity durations for those who have the option to use a personal vehicle. This is because there will be
some individuals for whom activities will naturally end at a tithat is conducive to using transit, and
there will be others for whom activities end at times such that transit is not competitive. While the
former may end up using transit, those in the latter group are more likely to use the automobile. Such a
simulationis likely to mirror what often takes place in the real world.

Thus, from a pure activithased model perspective, the project team believes that maintaining
consistency with transit in the generation and execution of activity schedules can be handieg i
framework and design adopted in this study. The challenge then is to ensure that transit is handled
effectively in the dynamic assignment procedure. In the SImMTRAVEL model desigh,times are
determined based on travel times from the dynartraffic assignment model. Thus, transit trip arrival
times also need to be accurately determined from the dynamic transit assignment component of the
network model. The transit travel time needs to fully reflect conditions on the highway network
becausetransit vehicles are often (but not always) operating in mixed traffic. Where dedicated transit
lanes or fixed guideway transit modes exist, then transit travel times may be more independent of the
traffic conditions on the highway network. Thus, theidigfon of and the interaction between highway
network and transit network attributes is critical to ensuring that travel times are estimated accurately
in the assignment process. The SIMTRAVEL software architecture embeds GIS functionality and
capabilites that allow relationships between highway netwakd transit network attributes to be
reflected in real time. This relational network connectivity will be fully implemented and tested as part
of the SIMTRAVEL development process.

Attention is now tured to the treatment of transit in the assignment process. Dynamic traffic
assignment models have generally been limited to a simulation of automobile traffic on highway
systems. Little work, if any, has focused on dynamically simulating transit netaralassigning transit

trips. The project team has been working on the development of a dynamic transit assignment model
that would work effectively in the overall dynamic traffic assignment modeling framework (MALTA). To
capture the transit assignment @cess and improve computational efficiency, the transit passenger
loading and assignment is separated into two parta simulation component and arassignment
component. This configuration takes advantage of the fact that the simulation component isdglrea
embedded in the dynamic traffic assignment model called MALTA (described in the December 2008
report). The assignment component, called the Transit Assignment Module (TrAM), is a new model
developed specifically in the context of this project and ismplementary to the simulation model
embedded within MALTA. MALTA has been developed for efficient vehicle and passenger travel
simulation, and therefore adequately fulfills the role of simulating transit passenger movements in an
integrating modeling enwonment. TrAM serves as the dynamic traffic assignment model, from which
passengers can be loaded on to the transit network through MALTA.
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her destiration. This may include a single route, a single path with multiple transit routes, or some
combination of routes that allows the passenger to travel through the transit network. Each of these
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destination, including the possible routes that the passenger may consider for his or her trip. Such a
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route choices in the transit network. However, when the passenger actually travels in the network, only
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experienced path.
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of Speiss and Florian (1989), the objective was to minimize travel time. The framework proposed by
Nguyen and Pallottino (1988) is morengral, allowing a number of possible objectives or choice
contexts. The critical element, however, is that at each major node (transfer point) in the transit
network, the model should be able to generate a probability that the passenger will take auterti

route from that point forward. In the proposed TrAM model, a utility function representative of the
generalized cost of traveling from an origin to a destination is used. In other words, the basic function
that serves to help identify a hyperpath the utility of traveling between an origindestination pair.

The utility function may include such variables as travel time, transfer time, number of transfers, walking
time, waiting time, and other transit level of service indicators that represesmtecplized cost
components.

Two possible alternatives are being considered for the model architecture that integrates MALTA and
TrAM. The two possible alternatives are shown in Figures 3 and 4. The first architecture, shown in
Figure 3, assigns moragks to MALTA (depicted on left hand side of figure). Initially, TrAM (depicted on
NAIKG KIFIYyR &ARS 2F FAIAINBO aSINDOKSa F2NI Ly a2LIGAY
over the entire day. This set of hyperpaths is fed into MALTAgaldth the transit schedule. MALTA

then loads the pasengers on the transit network and simulates their movements between origins and
destinations for the entire 24hour simulation period. During the loading process, a capacity constraint

may be appliedfor situations where transit vehicles are subject to eceaswding. Based on this
O2yaiuNXAydz al![¢! A& OFLIOES 2F AyuSNyrtfte 3ISySNI
they are denied boarding due to capacity constraints. After MALTAdrapleted a full simulation, the

information on passenger paths and experienced travel times are returned to TrAM, and a new
assignment is performed. Then, MALTA is run once again with the new assignment.

If there is no capacity constraint in effecKk 6y ¢ Nl a Attt SEAG 6AGK | adza$s
users have a hyperpath (or path choice strategy) that results in the maximum utility (or minimum
generalized cost). On the other hand, if the capacity constraint is in effect, the informatimnefroh
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unable to board a vehicle in their desired strategy. In this case, the assignment continues through a
series of iterations, until a user equilibm condition is reached. In other words, the utility of each
passenger is maximizediventhe capacity constraints that exist. In each iteration, an assignment is
performed in TrAM using updated (experienced) travel times, followed by a run of MALSiKAu@mte

the movements of transit passengers from their origins to their destinations along the chosen
hyperpaths.
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The advantage of this model architecture and configuration is that the simulation (MALTA) can be run
quickly and efficiently, without anyimct connection with the assignment procedure (TrAM). From a
computational perspective, this may be a more efficient way of handling the combined simulation and
assignment.
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Figure 3. MALTA TrAM Integrated ArchitectureAlternative 1

An alternative model structure is shown in Figure 4. In this architecthere is a direct interface
between MALTA and TrANuringthe simulation of a single day. MALTA takes a slightly diminished role
in this architecture, serving onip a simulation capacity. TrAM, on the other hand, has an enhanced
role as it is now responsible for determining optimal strategies both prior to and during the running of
MALTA. Essentially, in this architecture, MALTA and TrAM run in parallel.
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which MALTA will be run for that same interval. MALTA would then feedback these choices and the
current travel time information to TrAM. In this way, d®tMALTA simulation moves forward by a

specific time step, TrAM is updated with new travel time information. In the next time step, optimal
hyperpaths are generated by TrAM for passengers leaving their origins at that time. Over time, as all
passengersra assigned to the network, MALTA keeps track of their experienced travel times and their
experienced utilities (generalized costs). At the end of a simulation day, the experienced paths and

travel times are fed back into TrAM.

If no capacity constrains in effect, only one iteration is necessary to achieve user equilibrium (similar
to the first architecture). However, if the capacity constraint is in effect, then both TrAM and MALTA are
iterated, until the assignment reaches a user equilibrium stafthis approach may be advantageous in
that there is greater control of the assignment process through TrAM, and more opportunities to
explore the effects of redime information on passenger path choices. In addition, this type of
architecture may be mme in keeping with the existing MALTA traffic assignment framework. The
potential disadvantage with this approach is that the MALTA simulation may run much faster than
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TrAM, in which case theeansit assignment process may come in the way of realizingdhgputational
benefits and advantages associated with MALTA.
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Figure 4. MALTATrAM Integrated Architecture: Alternative 2

The fundamental interactions between MALTA and TrAM are facilitated by setting basic objects and
their attributes as shown in Table 1.

Table 1. Objects and Attributes in the MAL-TTAAM Integrated Architecture
Object Attributes

Passenger | ID

Origindestination (by zone)

Desired arrival time (DAT)

Departure time

Experienced path information: bus r@y bus schedule, # of transfers, waiting time,
vehicle travel time, transfer time, etc.

Transit ID

Vehicle Route information: Node and arc set

Schedule: departure time and/or arrival time at each stop

Capacity / residual capacity (including loaded antbaded passengers)
Dwell time at each stop

Stop ID

Routes served

# of passengers waiting, by passenger strategy
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The passengembject is an essential element of the transit assignment process. Every passenger is
assumed to have a desired destinatiamival time, and that the optimal hyperpath is specified to reflect

this desired arrival time. Every experienced path should be recorded, allowing possible updating of
passenger path choices. This will allow one to reflect possible changes in the&dh Q a4St SOG
departure times and/or mode within the activilyased model system. However, it should be noted

that, within TrAM, passengers may search for a better hyperpath before changing their departure time.

Another key object of the model is theansit vehicle on the supply side. Each transit vehicle should
follow its predefined route and schedule, including scheduled arrival times, departure times, and dwell
times. In the passenger loading process, passengers will be affected by the residaecity of each
transit vehicle. If there is limited capacity-bnard the vehicle, boarding is conducted in a firsfirst-

out manner. In addition, there will be an object for eacdnsit stopcontaining the route information

for all routes servinghat stop, along with associated queues of passengers waiting at any specific time
interval.

MODEL CAPABILITIES: TREATMENT OF NETWORK DISRURHAGNEE ACTIVITY RESCHEDULING

One of the major motivations fodevelopingan integratedmicrosimuldion model system of activity
travel demand and network supply is to be able to represent the impacts of network disruptions on
activity patterns and network performance. Network disruptions may happen due to incidents or
events that do not recur on a dgibasis and generally lead to noecurring congestion conditions.
Recurring congestion conditions, on the other hand, are generally due to temporal variations in traffic
demand that lead to periods of congestion during the day when saturated orsaterated traffic flow
conditions may exist. While recurring congestion conditions are well represented in the integrated
model design presented earlier because of the feedback loops that represeriodlay learning
processes, it would be prudent to dissuthe way in which the model design accommodates-non
recurring network disruptions due to extreme events.

The discussion dhe representation of the impacts of network disruptions has to begin with a debate

on the modeling approach adopted in the adiivibased model system of this project and the extent to

which people preplan their daily activities. In the activibased model system adopted in this project,

an implicit assumption is made that individuals only-ptan their mandatory activities angre-plan the
A0KSRdzf Ayad 2F GKSANI RSLISYRSydaQ YI yRI( plEthekr OG0 A @A
g2N] YR a0OK22ftf | OGAGAGASAE YR 201 Ay GKS &aO0OKSR«
depends on an adult in the heahold to meet his or her mobility needs. Given this mandatory activity
schedule skeleton, and associated tisgace prisms that result, individuals are then assumed to choose

to engage in nommandatory activities and determine the attributes of the nomandatory activities

along the course of a day. In other words, aonandatory activities are assumed to be NOT-pre

planned. This is the behavioral paradigm embedded in the achbeaisgd model system adopted in this

project.

An alternative approach i® consider a paradigm wherein individuals come up with an activity plan or
agenda at the outset. Under this behavioral paradigm, it is assumed that individuals have an activity
agenda formed at the beginning of the day and then go about executing thermpkhe form of various

tours. Destination, mode, and time of day choices are predicted for the various tours and stops within
tours. This approach generally has the complete-alayvity agenda defined up front in the form of
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tours and activity agendasind the various activity model components attach attributes and sequences
to the various activities included in the agenda.

In the first approach, where discretionary activities are not assumed to beplprened, but rather
planned along the course @f day, it is easy to incorporate the effects of network disruptions. In fact,
this is one of the key reasons why the project team has adopted this model design. The arrival time of a
trip is dependent on network conditions. This arrival time can be peed by the introduction of a
non-recurring event. Depending on the arrival time at a destination, the actifsed model will
simulate activity durations, activity type choice, and other activity attributes depending on remaining
time available in theime-space prisms. An activityavel choice at any point in time of the day is
affected by the current state of the traveler and the history of actittiwel engagement up to that
point. Thus, the effects of network disruptions can be effectivelyasgmted in this paradigm. If a
network disruption causes an individual to arrive late to an activity, then the person can shorten the
activity (the activity duration model is sensitive to time remaining in the prism), the individual may
choose not to purge a noamandatory activity due to limited time available in the tirapace prism, or

the individual may choose to visit closer destinations to undertake a subsequent activity (as the mode
destination choice set is defined by the tirapace prism).The dyamic traffic assignment model can
accommodate any routéevel changes that may take place in response to extreme network conditions.
The bottomline is that the dynamic traffic assignment model feeds an actual arrival time to the activity
based model to dtermine all subsequent activity engagement in the course of a day.

In the second approach, where a complete day activity schedule is defined at the beginning, the activity
based model is not truly sensitive to a sudden and unexpected network disrupiidimen a network
disruption occurs, the dynamic traffic assignment model would have to not only take caregamitieg
individuals, but also incorporate the ability to execute withisly schedule adjustment for the current

and all subsequent activitiesdluded in the original daily activity agenda.

It is recognized that the real world probably lies in between these two approaches. In the real world, it is
possible that people prplan some discretionary activities at the beginning of the day, at leasbme
degree in terms of timing, sequence, and location. It is also possible that some discretionary activities
are simply not preplanned at all, but undertaken on the fly depending on time availability and network
conditions at the instant that the ddésion is made. In recognition of this duality in the wealld, it is
considered prudent by the project team to have rtiale activity rescheduling capabilities embedded

in the dynamic traffic assignment model that can be turned on or off as neefled.example, in the

case of this specific model design where the actibdged model system takes care of the activity
schedule development in the course of a day, the withay activity rescheduling component of the
dynamic traffic assignment model mag switched off. On the other hand, this project is intended to
provide a suite of modular tools that can be drawn upon by the user community for their use. In
situations where one may be interested in marrying the dynamic traffic assignment modesd profect

with a daily activity schedule based model system (where the complete daily activity agenda is identified
in the beginning), the withiaay activity rescheduling component of the dynamic traffic assignment
model can be switched on to accommodagffects of network disruptions. Another consideration is
that, it is possible that the continuous time integrated model design presented in this report may prove
to be computationally prohibitive for large metropolitan areas. In that case, the fall dyatodn is to

adopt a more sequential integration scheme akin to the bootstrapping procedure. In this fall back
option, the activity model is run continuously without any interactive communication with the dynamic
traffic assignment model. The completeilglaactivity agenda is developed based on expected travel
times (defined by the travel times obtained from the dynamic traffic assignment model in the previous
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iteration). After several iterations of sequentially running the activity based model andythanmdc

traffic assignment model, one would obtain a complete daily activity schedule for each individual in the
population based on expected travel timesiter these daily activity agendas are obtained, the analyst
can then assess the impact of a severetwork disruption on activity schedules and network
performance. The daily activity schedules may be fed to the dynamic traffic assignment modadgthbut

a network disruption introducedn the network. In this contexteaktime activity rescheduling wuld

have to be undertaken. As there is no interaction with the activitged model at this point (in such a
model design), the dynamic traffic assignment model must be able to handle the actigitheduling
process. The modified activity agenda lieri obtained in response to a network disruptiols a
network disruption is likely to yield neaquilibrium conditions, it is unlikely that an iterative process
needs to be implemented. The results from a single application of the dynamic trafficrassigmodel

with a network disruption and withialay activity rescheduling provides one stochastic realization of the
modified activity agendas and network performance under such an event. The model may be run
several times to explore alternative stochastealizations, if desired. However, the need to iterate to
some equilibrium state under network disruptions does not exist.

This section presents an overview of the withizly activity rescheduling capability of the dynamic
traffic assignment model.The opportunity or need to undertake withithay activity rescheduling may

arise for various reasons, for example, the Jambute cancellation of a scheduled meeting or the
occurrence of a network incident that dramatically changes travel time to a déistnaThe schedule
adjustment decision process is shown in Figure 5. The model accepts the existing daily activity schedule
as an input. At decision tinte a check is performed to determine if there are activity attribute changes

or network condition banges that may warrant a rescheduling process. If the rescheduling process is to
be undertaken, then two separate modules are initiated or called to account for two separate decision
contexts¢ change in network condition and change in activity attritauteAfter the activity schedule is
updated for timet, the decision time instance is advanced frota t+1.

Preplanned Schedule

t=t+1 i Activities attribute changes
Initial Decision Making Process [ Network condition change

Final Executed Schedule

Rescheduling Module

Change in Change in
activity attributes |Network condition

Schedule for time t

Figure 5. Framework of WithiDay Activity Schedule Modification
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As can be seen in the framework, there isi@itial decision making processThe existing schedule that
remains at timet is provided to the rescheduling module as initial information. At each time
determination will be made as to whether an individual will modifg planned activity scheduleTo
represent this initial decision making process, a+hdsed approach is utilized with different decision
rules for the two cases of network condition changes and activity attribute changes. A sample decision
rule setup is shown in Figure 6.

A preplanned schedule

!

Initial decision making process

A The change in the attributes of pre-planned activities

-Generating the probability of change in pre-planned activity attributes

- addition, deletion, switch planned sequence, start time and duration changes
-Selecting events having the highest occurrence

-Updating the set of activities which will be examined

= {activities which are not executed yet, activites generated as new actzvmes}

1 = {activities which are not executed yer without canceled activities}

[/ The change in network condition

-Updating any changes in network condition, if it will affect travel time in traffic network.
-Evaluating whether there is any delay caused by traffic condition changes.
Delay (1) = expected traveltime(t)— experienced traveltime(r)

-Generating an updated activity set

A' = {activities which are not executed yer)

Rescheduling?

Figure 6. Sample Initial Rescheduling Decision Rules

There are two decision contexts in the proposed rescheduling framework. One context pertains to a
change in network conditiowhile the second context pertains tochange in preplanned activities As
shown in Figure 7, the existing schedule imp&imized to obtain the new optimal schedule (start time,
duration, addition/elimination, and sequence for the existing and all remaining planning activities). A
check is performed to examine whether changesetwork conditions will force the existing schedule

to become infeasible. If the existing schedule becomes infeasible, then a discretionary activity is
removed from the remaining activity schedule. The remainder activity schedule-aptireized
recognizing that one discretionary activity has been eliminated from the schedule. The activity deletion
and reoptimization process continues until a feasible and optimal solution is found. This constitutes a
new revised schedule.
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In the situation wherethe rescheduling is driven by the change of activity attributes, two possible
scenarios are likely to occur. In one scenario, for example, the cancellation of a meeting or the
elimination of an activity from the prplanned schedule may open up free timecreate a time surplus.

In this case, one or more additional activities can be inserted into the remaining schedule or existing
activities may be extended in their duration. EXxisting activities may be pursued at farther away (and
presumably more desikde) destinations or shifted in time to fill up the surplus time. An individual may
be able to complete activities more quickly and simply return home. Any combination of these
adjustments may take place. If a desired discretionary activity is addsdgttlone using a probabilistic
activity type choice model), the expanded activity set ippémized to see if a feasible and optimal
solution can be obtained. If so, the new and revised schedule is obtained; otherwise, this activity is
removed and theoriginal activities are radjusted accounting for the time surplus in an optimal way.

Network
Conditior
Chang

v

Optimize existin
schedul

Delete ont Activity
discretionan [« N Feasible
activity

Yes

v

Net start time

duration anc

sequence ol
activities

Figure 7. Rescheduling Decision Process for Network Condition Change

In the second scenario, enmay encounter a time shortage, sonigat similar to the case where a
network incident increases experienced travel time to such a degree that individuals become time
pressured. If a time shortage situation occurs, say due to the insertion of a new activity or the extension
in duration of exsting activities, the existing schedule isagtimized according to the new constraints.

If maintaining the existing schedule becomes impossible, a discretionary activity is removed. The
remainder of the schedule is 1@ptimized to check for feasibilitgnd optimality. The entire process
shown in Figure 8s repeated until an optimal schedule is obtained
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Activity
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start time chang
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schedule [©
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Feasible activity
vy
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" schedule [ v
Net start time
durationanc
sequence ¢
Delete adde N Activity activities
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durationanc
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Figure 8. Rescheduling Decision Process for Activity Attribute Change

The mathematical formulation of the resatheling model is based on the utility maximization principle.
The schedule reptimization problem involves decisions to be made about start time, activity duration,
and the sequence of existing or remaining activities in the schedule. The overallvabjedtt maximize

the total deterministic utility associated with an activity agenda. The objective function includes
consideration of the utility obtained from time spent at an activity and the disutility due to travel time.
Including the disutility tam in the objective function represents the notion that the start time of a
discretionary activity is elastic, and a higher utility may be obtained by reducing travel time to the
destination.
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It is assumed that the marginal utility function follows a dradic form, and the magnitude of utility
depends onthe duration of an activity. Parameter valus in the marginal utility equation will be
estimated using travel survey data. Three decision variables are considered, as follows:

ts : start of activityb, Vb , Vbe A'(i)
d, : duration of activityb, Vb , Vbe A(i)

Yon: S€quence indewhere Y, , = 1 if &tivity b precedes activith

The objective function may then be written as follows:

ts+d,
Max Z = > { [MU,@)dt+ > >0, W -Y,,}
B.dbYgn  pa®) 5 geA(i) be A(i)

It is assumed that thenarginal utility functiortakes the form of a quadratic as

wherea, b, andc are parameters thati@ estimated using travel survey data.

Then, he operational objective function associated witte marginal utility equatiormay be written as:

Max Z{a-db-(t§)2+{a-(db)2+b-db}-t§+%-a-(db)3+%-b-(db)2+c-db}
beA)
+ D D05 Wy Yool
geA'(i) be A'(i)

The maximization of this utility function is done subject to scheduling constraints. minimum, two
sets of constraints are considered in the initial prototype. They are as follows:

A. Activity sequence decision constraints
ty -ty +My,, +d, <M —-w,, Vb,h,vbeA(i),heA(),b=h

Yo + Yoo =1 ,Vbe A(i),he A(i),b=h vb,h

B. Start time/end timeburation flexibility constraints
t-""< <t > Vb, Vbe A (i)
t-""<t2 4+ d, <t Vb, Vbe A(i)

The project team is currently delping aprototype of this model using simple numerical examples to
the test the reasonableness of the model formulation and the practical operational capability of the
model. The results of this prototype development and testing process will be docucheante Year 2
report.
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MODEL CAPABILITIES: QUANTIFYINGSRMEE PRISM ACCESSIBILITY MEASURES

The design of SIMTRAVEL calls for accessibility measures from the dynamic traffic assignment model
component to be fed into the land use microsimulation aseeb components to reflect the impacts of

0N @St GAYSa FYyR 20KSNJ I OOSaaAroAfAide YSIadiwNBa 2y
business location choices. The project team has spent considerable time over the past year refining and
examiningthe types of accessibility measures that can be defined and utilized in location choice models
of various types. This section offers a brief overview of the types of accessibility measurésethat
project team is considering, with emphasis at this tiorethe residential location choice component of

the model system. Similar discussions can be developed in the context of other location choice models
(e.g., work location choices and business location choices), but the description here is limited to the
residential location choice modeling context due to its primordial role in modeling aetisitgl
behavior.

The empirical research on accessibility and residential choice spans at |dfaat ¢entury (Hansen,
1959). Traditionalaccessibility measement approaches used can be broadly classified into four
categories: proximitypased, gravithased, isochrone, and utiltyased (Geurs and van &4, 2004).
This section offers a brief description of each approach and then presents a newpaue prisnbased
accessibility measurement approach that the project team will be attempting to implement in the
context of this integrated model development effort.

The simplest indicators of accessibilignd thus relatively easy to calculate and understande a
proximity-based measuresThis is an objective, platised approach that provides spatial information

on the closeness of a residential location, in terms of travel time, distance, or generalized cost, to other
activities (e.g., time to shops, distant® highway, cost to employment). The classic monocentric city
model is based on proximity to the central business district (Alonso, 1964; Muth, 1969). In the job
housing balance literature, proximitp-employment measures have been central to the assesy of

urban spatial structures and the evaluation of lamgk and transportation policies (Giuliano, 1991;
Levinson, 1998). Some researchers have observed commuting castiutence residential location
(Levinson, 1998; Weisbrod et al, 1980) but othemge found it to have morelimited role in this choice
(Giuliano and Small, 1993; Gordon and Richardson, 19845.simplicity of proximigpased measures,
however, may be inadequate for capturing the complexities of real urban environments and human
behaviors (Kwan and Weber, 2003).

Formalized in the groundbreaking work on accessibility and residential land use by Hansen (1959), the
gravity-based accessibility measurement approach derives measures of accessibilifyom the
denominator in the gravity mael for trip distribution (Handy and Niemeier, 1997). This is a zonal
approach that weights the potential of opportunities for interaction, quantifi@s the amount of an
activity weightedby a deterrence function representing travel time, distance, oregalized cost. A
generic formulation to calculatéy, the accessibility for residents in zohds

A Zzajf(ij:

where & represents the quatity of opportunities in zong (e.g., number of jobs) and(c) is a
deterrence function for taveling fromi to j.
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Gravitybased accessibility is an objective measure where only the 4evell of service is described. It

has been extensively used with some success to evaluate access to employment and people (Handy,
1993; Hansen, 1959; Lowry, 196W/addell, 1996). This is a generalized measure that provides an
average expected accessibility for peopleide®) in a particular zone. Similar faroximity-based
measures, it does not differentiate between the residents of a location in terms of thetific access

needs, such as the actualromutes to specific workplaces faimdividual workers. It is likely that the
measure undeestimates the individual effect of accessibility, by substituting an average value to all
possible destinations for the spific accessibility to particular destinations.

A special case of the gravibased measures is thisochrone approachwhere the @terrence function

f(c;), is one within a defined range of travel (e.g., witkidistance or time), and zero otherwiseo@ig,

1978). Also known as the cumulative opportunities approach, these measures estimate accessibility only
in terms of the quantity of opportunities available withdertain definedimits. Some success has been
shown in using these measures to captinath local (Waddell and Nourzad, 2002) and regional (Srour

et al, 2002) accessibilities in residential choice mqdals the predictive powers have been found to be
small. This measure also provides a generalized access potential, and maesintete he effects of
individuatspecific accessibilitthat one would desire to have in a microsimulation modeling
environment

Grounded in travel demand modeling and Random Utility Maximization (RUM) theorytilihebased
accessibility measuremeapproachexplicitly considers behaviakcharacteristics of the decision maker,
regardless of whether the decisianaking unit is considered to belmusehold or an indivisgal. RUM
theory assumes that an agent making a choice will select the alternative withghedtiutility relative
to all other available choices. The accessibififyat locationi for agentn can be defined as

An = |n|:z expvcni

whereV,, is a vector of observable attributes for choicen a specified choice s€}, available to agent
n. This formulation is known as the logsum and is equivalent to the denominator of the commonly used
multinomial logt (MNL) model.

In recent residential choice models, the use of logsum accessibility as composite indicators of regional
accessibility ha prevailed and the results generally show a modest influeoiceaccessibility on
residential location choice behavi@®rour et al, 2002; Waddell and Nourzad, 2002; Zondag and Pieters,
2005). Despite the disaggregate nature of this approach, logsum valee®mmonly derived from trip

based travel demand models that can only consider broad categories of households. Further, there are
pragmatic problems arising from logsum calculations of many operational mode choice models
producing logsum values that apssitive and, therefore, at odds with the interpretation of travel as a
disutility. While this measure has the potential to be used as an indivshedific measure of
accessibility, it has not been previously applied as such with success in the aintesitlential locatia
choices and its applications. As a result, these ublityed measuresuffer from the same aggregation

bias ascribed to the previous measures.

In one approach to address some of these deficiencies;A@ra and Bowman (1998) signed a
residential choice mdel integrated with a toubased model system. Accessibility was estimated at the
household membetevel as the maximum utility among the daily activity schedules available to each

SIMTRAVEL Model Design and Prototype Development anth@édan Page27



Modeling the Urban Continuum in an Integrated Framework

individual given a residential location. Taepirical results from that model, however, did not provide a
superior fit to the datain comparison to model specifications that employed more aggregate uitility
based measures of accessibility derived from logsum values

In light of the limitations of elssic measures of accessibility reported in the literature, the project team
has been exploring the notion time-space prism based accessibility meastinas would be derived at

the individual level and reflect timgpace prism constraints associatedttwimandatory activity
engagement. Contrasted wth the preceding measures, a tingpace prism(TSP)based approach
significantly broadens the potential to evaluate individual accessibility within specific schedule
constraints.Such arapproach for measurgpaccessibilitand its influencen a residential choice model

has not been previously examined. Moreover, little prior research has explicitly explored the role of
accessibility to notwork activities in the residential location choipeocess The writeup that follows
explairs the fundamental concepts and then descritihe operational procedures developed fahis
researchproject. For more comprehensive examinations of this construct as accessibility measures,
readers could explore seminal works byllet (1991) and Kwan (1998).

Conceived in the timgeography framewde by Hagerstrand (1970), the tinspace prisnmodels the
ability of individuals to access and participate in activities at different locations over time and provides a
valuable tool tomeasure individual accessibility. It explicitly recognizes the basic temporal and spatial
constraints within which human interactions take place and, therefore, offers a powerful perspective to
analyze individual behaviors. As Hagerstrand (1970) noteé, ism finite resource which must be used

by individuals to travel and participate in spatially dispersed and temporally limited activities.

The timespace prismdelimits the locations in time and space that can be physically reached by an
individual dumga given time interval. Figureshows a threedimensonal schematic example of a time
space prismwith the xy plane representing geographic space and the verticalrapi®sentingtime.

The bold solid line traces the movement of an individual in t8pace, where a vertical segment
indicate no movement in space dugrhat time interval (e.gtots, tots). A diagonal segment (e.dit,)
represents travel through geographic space over time; the slope expréssasverse of velocity. The
time-space pism, shown in bold dashed lines as the volume contained by two oblique elliptical cones
with a common base, does not trace observed movements through-sipaee. Rather, it defines the
region of space possible for an individual ®ih at specified timesThe timespace prisms determined

by the time available t@anindividual, the extent andevel of service of the transportation network, and
temporakspatial constraints such as the need to be at particular locations at particular times. In the
exampledepicted in the figurean individual can leave the workplad#(x, y.), at t, and must return
home, H(x, Y1), byt,, yielding a time budget df-t; for travel and activity participation. The projection

of the threedimensional TSP onto the twdimensiamal geographic space, called the Potential Patba
(PPA) and shown in Figurex® the dotted elliptical shape, delimits solely the spatial extent within which
one can travel. Note that although lines are drawn straight and ellipses smooth in this siheheat
time-space prismand the potential path areacan be irregularly shaped depending on the availability
and quality of the transportation system.
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Figure 9. Schematic of Tirrf@pace Prism (TSP) and Potential Path Area (PPA)

Numerous accessiity measures derived fronthe time-space prism conceptave been proposed. A
recent review by Kim and Kwan (2003) summarizes six major approaches that have been used in various
simulation or empirical settings; more recent developments include thosettbynk and Timmermans

(2007), Miller and Bridwell (2009), and Neutens et al. (2007a; 2007b; 2008b). The operational procedure
used in thisproject is based on the Feasible Opportunity Set (FOS) approach, which focuses on
identifying potential opportunitieconstrained by the TSP. These procedures correspond closely to the
operations of the prismidentification component othe activitybased travel demand model system

The operational procedureadopted in this project to develop timgpace prism accessibjlimeasures

can be adapted t@ny spatial scale, including lower levels of geogragidbwn to the discrete building

level.

The operational procedure is as followkirst, the daily activity schedule of an individual, observed or
simulated, is assessed tdentify mandatory activities. These are commitments at predefined locations
during predefined times (e.gworking hours at a workplacdjt; at location W in Figure 9. These
intervals are called blocked periods and itheomplement are open periodg periods in which
discretionary activities may take place (e.g., froyto t4 in Figure 9. Second, given an open period and
a travel mode, determine for each TA@r spatial unit of interestwhether it can be visited with
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sufficient time remaining to pdicipate in an activity. For exampléhe desired activity duration time

Y& 0S5 &adz NI Ol S RvailbeRive budgetok gfoRekyghdpRidglafiework; in Figure
9, the revised time budget would lg¢ t3 ¢ 30. This determination is reded for all zones to identify

the set of feasible TAZsr locations in spacdpr a shoppingvisit, providing a maximum spatial extent
of opportunitiesakin to the PPA.

Finally, the cumulative opportunities approach is applied to the set of feasible TAZguantify the
opportunities that are available to an individual given the temporal and spatial constraints. For example,
the number of the opportunities for grocery shopping may be estimated by counting the total number
of grocery stores or summing thetal building area for that purpose. This is consistent with prior
research highlighting the uneven distribution of opportunities and the value that consumers place on
the range of opportunities for activity engagement (Kim and Kwan, 2003; Neutens 208a). By

using the timespace prisnframework, the impact of landise and transportation system changes on
activity-travel patterns would be evident in this accessibility measure. If the transportation network
performance or the density of opportunitedecreases, then the set of feasible TAZs or the measure
itself, respectively, decreas&imilarly, if travelimes improveor more opportunitiesbecome available

then increaes in this timespace prism accessibility measure would occur

The TSP accebsity measure described above was operationalibgdhe project teanfor the Seattle,
Washington metropolitan area using a 2006 household activétyel survey. The influence of
individuatspecific accessibilities to work and rark activities on reslential choices was examined
using the central Puget Sound region application of the household location model in the UrbanSim
model stem. The project team estimated multinomial logit models of household residential location
choice incorporating a ramgof accessibility measures to capture the influence of accessibility on
residential location behavior. Table 2 shows the variables and accessibility measures included in the
model specifications.

In keeping with the spirit of the development of misimulation models that offer the ability to
simulate behavior at the finest spatiemporal resolution, the project team used the individual
residential building as the unit of analysis for the choice set. It is recognized that housing units are the
elemental basis for residential choice, but the most detailed and complete datasets available are for
buildings and parcels. Since 91 percent of the 986,157 residential buildings in the 2005 housing stock for
the central Puget Sound Region are sirfglaily resdential (SFR) homes, there are vast overlaps
between the building and housiagnit representations. Further, buildidgvel analysis represents
housing options much more realistically than at higher geographies because it is possible to define the
residertial choice explicitly as a bundled decision for a particular building and a location on which it is
situated. Gridcells, TAZs, or other aggregate delineations can only describe important qualities such as
building type, tenure, age, price, and size imselty as averages or distributions. On the other hand,
specific measures of these building characteristics were included in this analysis. The universal choice
set was assumed to contain the total number of residential buildings and was therefore teoftarg
model estimation. A random sampling of alternatives from the full universe, which has been shown to
yield consistent parameter estimates (McFadden, 1978), was employed. In this case, each residential
building was weighted equally for sampling and timice set consisted of one chosen alternative and
twenty-nine randomly sampled nechosen ones.
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Table2. Residential Goice Model Explanatory Variables and Descriptions

Variables Descriptions
residential_units Log of number of residential units in kding
same_area_type Dummy of building in same area type as previous household (HH) location
same_area Dummy of building in same area as previous HH location
Kitsap Dummy of building in Kitsap County
population_density Log of zonal population density
inc_less_price Log of HH annual income (inc) less annual imputed rent per unit
high_inc x size Dummy of high HH inclog of average dwelling size (sq ft/unit)
mid_inc x size Dummy of mid HH inglog of average dwelling size (sq ft/unit)
low_inc x size Dummy of low HH ing log of average dwelling size (sq ft/unit)
inc x condo Log of HH ine dummy of condo residential building
inc x MFR Log of HH in& dummy of multifamily residential (MFR) building
one_pers x not_SFF Dummy of oneperson HHx dummyof not not SFR building
renter x MFR Dummy of renter H& dummy of MFR building
kids x SFR Dummy of HH with childrer dummy of singl€amily residential (SFR) building
kids x kids_HH Dummy of HH with childrer percent HH with children within 600m
young xyoung HH 5dzyYYe 2F &2dzy3 | | oO*pe&ré&hyaars HH Wtdii aDom:- 3 S
Accessibility
work_logsum Zonal average logsum, weighted by proportions of ztmeone trips, for AM home
basedwork (HBW) drive alone trips
neigh_shops Log of number of shoppintype jobs (retail, food, & other services) within 600m

work_travel_time Individual worker travel time for AM HBW drive alone trips to workplace location
(maximum value between up to 2 workers)

TSP_shops Log of number of shopping type jobs (retail, foédother services) in timepace prisr
for the workto-home leg of the HBW tour (maximum value between up to 2 work:

The variables considered for inclusion in the model include a host of land use, building type, and
household demographic characteitst including several interaction variableShe last four variables

listed in Table2 are accessibility measures designed to capture the quality of access to different
opportunities, at the localand regionalevel and in between. The work_logsum vat&ls a utility

based generalized measure of regional accessibility for employment. The neigh_shops variable uses a
cumulative opportunities approach to estimate the availability of shoppypg activities in the
immediate vicinity of a residential locati. Both of these are objective, plabased accessibility
measures while the next two are individesecific. The work_travel_time variable computes the heme
to-work network travel time by the drive alone mode, for each worker with a fixed-hmme
workplace, relative to each residential location. Similarly, the TSP_shops variable operationalizes the TSP
accessibility measure concept for each worker, with a focus on the-tednbme segment and shopping
opportunities (i.e., retail, food, and personal siees). Since these two measures are at the individual
level, various methods of aggregation, such as summing and averaging across all household members,
were examined so that they can be used in the housel®ldl residential choice model. Empirical tests
revealed that choosing the maximum value among the workers in woltker households can best fit

the data.

Model estimation results are furnished in Table Blodel specifications were developed using an
incremental approach with each accessibility @@ being entered into the model specifications in a
sequential way. The table presents model estimation results for five madelbase model with no
accessibility measures and four models with increasing levels of accessibility measures incorptrated i
the specifications.

SIMTRAVEL Model Design and Prototype Development anth@édan Page31



Modeling the Urban Continuum in an Integrated Framework

Table3. Results of RsidentialLocation Choice Model Estimation with Accessibility Measures

Accessibility
Models
Model 1: Model 2: Model 3: Model 4: Model 5:
Control Work Neighborhood Work Travel TSP Worko-
Variables Logsum Shops Time Home Shops
Variables Coeff. t-val. Coeff. t-val. Coeff. t-val. Coeff. t-val. Coeff. t-val.
residential_units 0.674 18.0 0.721 176 0.692 174 0.629 16.1 0.638 16.2
same_area_type 0.414 4.11 0.417 412 0303 287 0.349 3.40 0.380 3.80
same_aea 2.65 26.3 2.66 26.4 2.80 27.0 2.34 233 253 24.3
Kitsap 0.916 9.68 0.830 8.39 0.866 8.50 1.76 14.7 1.73 14.4
population_density 0.0165 0.661 -0.0495 -1.49 -0.101 -2.90 -0.199 -5.48 -0.247 -6.77
inc_less_price 0.0631 3.20 0.0492 2.44 0.0657 3.23 0.0672 3.16 0.0714 3.31
high_inc x size 0971 11.6 0.952 11.3 1.01 119 0.816 9.67 0.892 10.5
mid_inc x size -0.330 -8.85 -0.333 -8.24 -0.304 -7.55 -0.313 -7.86 -0.311 -7.30
low_inc x size -0.306 -5.37 -0.335 -6.46 -0.320 -5.50 -0.291 -4.67 -0.330 -5.49
inc x condo 0.0539 3.11 0.0405 2.17 0.0479 252 0.0524 2.81 0.0591 3.25
inc x MFR -0.117 -6.27 -0.126 -6.54 -0.127 -6.52 -0.136 -6.90 -0.134 -6.91
one_persxnot SFR 0.688 4.33 0575 340 0581 346 0.773 470 0.740 4.37
renter x is_ MFR 285 14.6 290 145 3.05 15.0 2.84 14.0 3.00 14.7
kids x SFR 0.565 2.80 0.647 3.21 0.743 353 0.518 246 0.610 2.93
kids x kids_HH 0.0139 2.85 0.0120 2.45 0.0186 3.73 0.0262 5.13 0.0212 4.20
young x young_HH 0.0211 5.18 0.0247 5.55 0.0206 4.82 0.0220 4.98 0.0235 5.38
Accessibility
work_logsum q q 0.635 3.06 0.573 288 0.711 3.61 0.808 3.84
neigh_shops C q q q 0.0715 3.88 0.0566 3.05 0.0507 2.70
work_travel_time C C C C q ¢ -0.0248 -21.1 -0.0227 -17.6
TSP_shops G C C C C C C C 0.0473 3.37
Observationsk) 1677 1677 1677 1677 1677
LogLikelihood ) -3954.9 -3934.0 -3898.2 -3697.5 -3642.0
Null LL -5703.8 -5703.8 -5703.8 -5703.8 -5703.8
LL ratio () 0.30662 0.31028 0.31657 0.35174 0.36147
Adjusted” (" )4 0.30381 0.30730 0.31341 0.34841 0.35797
.?likelihood Reference Reject (1) Reject (2) Reject (3) Reject (4)
ratio test model only at >0.999 at >0.999 at >0.999 at >0.999

significance  significance  significance  significance

In general, it is found that the models offer intuitively reasonable intergietes on model coefficients

for all of the variables retained in the final models. Focusing on the influence of utility measures, it can
be seen that all accessibility measures are statistically significant with the work travel time measure
showing the hghest level of statistical significance as indicated by the laggatistic. It is interesting to

note that, even in the presence of three other accessibility measures (previously developed and used in
the literature), the timespace prism based accdsity measure is significantly influencing residential
location choice behavior. The coefficient associated with this accessibility measure is positive and
statistically significant at the 0.05 level of significance.

These are the types of accessipilneasures that the project team will develop in the course of the
integrated model design and application. Travel times from the dynamic traffic assignment model will
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be combined with land use information (land use microsimulation model) and-djpaee prism
information (from the activitypased model system) to develop a set of accessibility measures similar to
those appearing in Table 3. These measures will be used to help inform residential and other location
choices (work location choices, businessation choices) for the subsequent time step for which
choices are modeled. Thus, the integrated model system is based on a comprehensive design that links
land use, activittravel demand, and dynamic traffic patteritsa coherent and robust framework.

SMTRAVEL PROTOTYPE DEVELOPMENT AND TESTING PLAN

This section presents a comprehensive work plan for the SImTRAVEL prototype development and testing
effort that will take up the remainder of Year 2 in the project schedule. The model development and
testing plan essentially includes several key steps. These steps are described in detail in this section. In
addition, model testing involves a careful validation and sensitivity analysis of the individual model
components and the integrated model syste® a whole. In this section, the model validation criteria,
model acceptance considerations, and the types of model sensitivity analyses that will be performed,
are described in detail. Finally, the section closed with some discussion about the saftalsitecture

and data structures that will be considered for the integrated model system.

The aim of the project team is to have a series of milestones that provide for periodic release of
documents and products, thus facilitating a review of processesthods, and results along the
development axis. The project peer review pawdl be engaged on a more periodic basis to obtain
expert feedback on model specifications and performance. Where appropriate, broader community
feedback will be sought andbtained through the dissemination of interim documents and products at
the project website athttp://urbanmodel.asu.edu This approach will also ensure that the model
systems are developed and tested in a way thasures compatibility across models, thus minimizing
the scope for errors, data incompatibility, and computational inefficiency.

The project team is currently consideribgo locations or siteso serve as test beds for SIMTRAVEL.
They are the model aas encompassed by the metropolitan planning organizations of the Maricopa
County region in Arizona and the Puget Sound region in Washington. These two locations are being
seriously considered as the test beds for various reasons. The Maricopa AseocfaBovernments
(MAG) is currently on the forefront of the development and implementation of new model systems for
transportation planning. The soeaonomic modeling group at MAG (land use forecasting group) is
currently implementing various UrbanStools and approaches for land use modeling. That same group
within MAG has also effectively implemented the new Population Synthesizer called PopGen that has
been developed by the project team in the context of this project. The travel modeling gravpGt

has embarked on the phased development of an activdged model system for the region. The
Principal Investigator of this project is on the project team tasked to develop the adibggd model
system. The travel modeling group at MAG is alser@sted in learning about and implementing the
PopGen population synthesizer for travel model development and applicatibhG has an extensive

set of traffic data, with detailed traffic counts and travel time and speed estimates through its extensive
network of detectors, intelligent transportation systems deployment efforts, and network reliability
studies. MAG is also on the cusp of receiving a 2008 NHT&haidvey data set that is comprehensive

and geecoded with spatial coordinates for all resid®n work, school, and origin/destination locations.
MAG is aggressively moving to test dynamic traffic assignment models for their potential application in
the valley, with one of the principal investigators of this project significantly involved inetifiat.
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Valley Metro has been conducting extensive-mard transit surveys (bus and light rail) and has a
wealth of data that will prove valuable to modeling transit in the integrated model sysifiém. Principal
Investigator is currently working with MA@nd Valley Metro to test TRANSIMS for the analysis of
multimodal transit corridors in the Greater Phoenix Metropolitan Area. Thilspfathe principal
investigators on this project enjoy a strong working relationship with MAG, ADOT, and Valley Metro (or
a subset thereof), thus making it practically feasible to obtain data and work in a collaborative
arrangement to deploy and test SImTRAVEL and its various components.

The Puget Sound Regional Council (PSRC)dagearty withwhich the principal invesgators have a
history of collaborative engagement. Many years ago, the principal investigator was significantly
involved in the analysis of the Puget Sound Transportation Panel (PSTP) data to understand socio
economic and activityravel dynamics overrmie. The Puget Sound Regional Council has made a major
investment in UrbanSim and now has a completely operational land use microsimulation model system
in place. Given that investment and the databases that have already been assembled in the context of
deploying UrbanSim in the Puget Sound region, it would make sense to naturally leverage that
infrastructure in the context of this project. The PSRC and WSDOT staff have also been providing
assistance for testing dynamic traffic assignment tools for ohéhe principal investigators on this
project. In addition to the panel survey data set, the PSRC has a recent household-lzaseiytravel

survey data set (2006) that can be used in the context of this project. Another interesting data set that
the PSRC has collected in the past couple of years is called a travel choices study data set. This data set
provides valuable insights into the behavior of travelers under road pricing schemes that charge drivers
based on the miles driven. The travel choisegly data set would offer valuable information against
which thed LINJpQligy§/sansitivity of the integrated model system can be evaluated. The PSRC has a
rich set of traffic data that would be very useful in the model calibration and validation sfdgePuget

Sound is a multimodal region with bus, light rail, and significant levels of bicycle and watkpseadlly,

in comparison to the Maricopa region).

Thus, the Maricopa region and the Puget Sound region appear to be ideal test beds flopdeye
deploying, and testing SIMTRAVEL. Many of the ingredients needed to ensure success in such a venture
are already in place in these two locations. Although these two regions are not necessarily the largest
regions in the country, they armeverthdesslarge metropolitan regions with existing travel models
including thousands of zones, nodes, and links. The sizes of these metropolitan areas are such that
model run times are likely to be very long and potentially prohibitively long in the contextnoddel

testing and development effort. If one is in a research and development mode, and needs to wait
several days for model results to surface, the development and testing process would be onerous, slow,
and inefficient. In addition, it mighte difficult to identify the source of an error that appears in the
output. In other words, model development and testing phases of the project demand must faster turn
around times with the ability to run a model, change a configuration, and so on within verytshe
intervals. In order to facilitate this, the model development team will adopt two possible strategies.
One strategy is to carve out smaller stgions or sukareas from these model systems. For example,
within the Maricopa county region, it mde possible to carve out only the City of Phoenix or the City of
Tempe (both of which are served by light rail) to do model testing. This will considerably reduce the size
of the network, the size of the problem, and the population size yielding fastararound times during

model testing. Similarly, the Puget Sound region encompasses -@danty area. One single county
(e.g., King or Kitsap) can be extracted for model development and testing purpasether strategy

that may be deployed is thain which the simulation is performed for a random sample of the
population. A one percent or five percent random sample of the population can be simulated with
respect to travel choices, land use location choices, and dynamic route choices. This $testdpen
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used effectively in the activithased model development effort currently underway for the Southern
California Association of Governments (SCAG). The Principal Investigator of this project is serving on the
SCAG activity model development teamdacan bring experiences from that effort to bear on this
model developmentprocess. Thus, the project team can deploy effective sampling strategies to
perform test runs of model systems and debug models prior to commencing full population runs.

The pboject team realizes that it is prudent to have a couple of baglareas ready to go in case it
becomes necessary to consider an alternative test site. There are three alternative locations that are
possible. The first is San Francisco County (not thieee¢in Francisco Bay Area) which has successfully
implemented a loosely coupled and integrated tdaased model system with UrbanSim. This
integrated model system is currently being used in San Francisco County for various planning
applications. Givenhat there is rich data available for the San Francisco region and that an
infrastructure for microsimulation modeling is already available there, San Francisco County would serve
as an effective baelp area. The second area is the Tucson area in Angithahe Pima Association of
Governments (PAG) providing collaborative assistance for the model development and testing effort. If
it is deemed absolutely necessary to do development and testing using a smaller network, area, and
population, then PAG wodlbe an excellent entity for testing SIMTRAVEL and its components. The
principal investigators enjoy a strong working relationship with PAG and can effectively collaborate as
needed. Finally, if yet another small area is desired for model developmentieatidg purposes, an

early application site of UrbanSim may be used. The Eufpriagfield area of Oregon was one of the

first locations where UrbanSim was implemented. Clean and readp data sets are available for the
EugeneSpringfield area anche project team can utilize these data sets without having to necessarily
lean on the MPO staff at all. This option can also serve as an effectivaibaEographic test site
should it become necessary to run the model on a smaller network and regidasher turnaround

times.

In summary, the project team plans to move forward with model development and testing in the
Maricopa and Puget Sound regions as the primary test sites. -URatdst sites including San Francisco
County, Pima County in Arizorf@ucson area), and EugeBeringfield in Oregon may be utilized if
necessary to test certain components of the model systems.

POPULATION SYNTHESIZER AGDVITY MODEL SYSTEM: PLANNED MILESTONES AND MODEL
ACCEPTANCE/VALIDATION CRITERIA

The developmet of the population synthesizer and activibased model system is primarily taking
place at Arizona State University, the institution that is also serving as the lead institution of the project
team. Over the past several months, the project team hasyaieted the development of the
population synthesizer known as PopGen, with a hamdraining workshop on the use of PopGen
scheduled for November 3, 2009. Version 1.0 of PopGen was releasedJnlynaf 2009 and there has
been considerable interestdm entities around the country interested in implementing PopGen. Very
useful feedback was received from several agencies and consultants from around the country. The
PopGen webinar held in June 2009 had an attendance of over 90 individuals from aneuwdrld,
clearly indicating the high level of interest in this product. Following the release of Version 1.0, the
project team refined the software package further to incorporate many of the useful suggestions
received from various entities. The reswit this process is the release of Version 1.1, officially
scheduled for November 15, 20@9although the system is complete and will form the basis of the
training workshop on November 3.
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The PopGen software is now complete and available to the pidilifree under the General Public
License (GPL) arrangement. The source code, sample data sets, software programs, webinar recordings,
and detailed installation and use instructions are all available to the public without any restiictioe

PopGen sdmn of the project website. Some of the key features implemented in Version 1.1 (above

and beyond all of the features and functionality included in Version 1.0) include, but are not limited to:

e Automatic importing and processing of Census ACS samglearginals data in addition to the
Census 2000 data

e A scenario manager that allows users to setup different synthetic population generation
scenarios within the same PopGen project and compare results across scenarios

e The ability to modify marginal digibutions for control variables; this feature allows users to
generate synthetic populations using modified marginal distributions for each geography

e The ability to generate a synthetic population using the classic procedure where only household
variablesof interest are controlled

e The ability to modify distributions of household variables so that known person totals are more
closely matched in the synthetic population. This feature is particularly useful when the
household and person marginal distributioa® not perfectly consistent with one another.

e Additional visualization features including thematic maps of synthetic population attributes

e Enhanced synthetic data exporting capabilities so that the synthetic population can be read into
any other applicaon

PopGen is a usdriendly opensource software package that runs in a standard Windows personal
computer environment. The synthetic population generation algorithm embedded in PopGen is capable
of synthesizing a population while simultaneously colimng for person variables of interest such as
gender and age. The algorithm is computationally efficient and offers an intuitive interpretation that
makes the process transparent to the user.

Validating PopGen is generally a straightforward undertkiithe distributions of variables of interest

of the synthetic population are essentially compared to those obtained from the census. This
comparison can be done fdroth household and person level variables including those that have not
necessarily beerontrolled in the synthesis procedure. One would naturally expect distributions to
differ (synthetic population versus census population) more for variables that were not controlled in the
synthesis process. Table 4 presents the model validation amgt@ce criteria for PopGen.
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Table 4. Model Validation and Acceptance Criteria for the Synthetic Population Generator
Model Aspect Validation Criteria/Method Acceptance Standard

Controlled Household Variables | Marginal distributions (frequencies) | + 5%

Controlled Person Variables Marginal distributions (frequencies) | + 10%

Uncontrolled Household Variablel Marginal distributions (frequencies) | + 10%

Uncontrolled Person Variables | Marginal distributions (frequencies) | + 20%

Individual Geography Person Tal Cell frequencies or values Usey” statistic to
Cell Frequencies (representing multdimensional joint | compare tables; less
distributions) than 20% of

geographies should
have a pvalue less

than 0.05
Spatial distribution of Householq Thematic maps showing colopded| No anomaly detected
Level Attributes intensity of household attributes through visual
ingpection
Spatial distribution of Persen Thematic maps showing cotooded| No anomaly detected
Level Attributes intensity of person attributes through visual
inspection

In the case of the population synthesizer, it should be recognized that the modetitotass a
mathematical algorithm (and not a behavioral representation, as in the other models of choice that
comprise SIMTRAVEL). The performance of the mathematical algorithm depends on the quality and
integrity of the input data based on which the syaflis is performed. In the presence of gross
inconsistencies in the input data, it is simply impossible for the mathematical algorithm to ocatput
synthetic population that would meet acceptable validation criteria. As such, the criteria noted in the
table are applicable only in situations where the input data are consistent, robust, and coivéiti
respect to comparing individual geography person table cell frequencieg, test is employed to
compare the multway contingency tables in the synthetic population against the actual cemglied
multi-way contingency tables. However, thé statistic is valid generally when no cell frequency is less
than five. As such, thacceptance criterion noted in that particular row applies only to geographies
where no cell in the frequency table has a value less than five. When cell values are less thén five,
statistics tend to get inflated and do not represent an accurate measirgoodnes®f-fit of the
synthetic population to census countsThe project team has already undertaken extensive tests with
PopGen and found that these criteria should be broadly applicable. However, further tests will be
performed as part of the nael development and testing process within this project and the validation
and acceptance criteria will be revised and refined as needed.

The activitybased travel model system in SImTRAVEL is a comprehensive microsimulator of human
activity-travel paterns. The activigmodel system in SIMTRAVEL is largely based on previous work that
resulted in the development ofAMOS (ActivigMobility Simulator) and its Florida implementation
called FAMOS, PCATS (P+@omstrained Activity Travel Simulator), andP&T(Synthetic Travel Pattern
Generator). The most recent version of this actiigsed model system is PCATS. The project team is
currently reengineering the entire program, recoding the program using open source coding languages,
enhancing the user terfaces of the program, enhancing the data structures for more efficient data
processing, and writing new programs and procedures for accounting for behavioral relationships that
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were not adequately addressed in previous versions of the actinatyel madel system. The activity
travel model system is also being enhanced with a series ofbaded heuristics that ensure
consistency and robustness in the generation of acttrdyel patterns for individuals. Here, in a
nutshell, are the many components AMOS in SImMTRAVEL:

e Person Timé&pace Prism GeneratoAs mentioned earlier, AMOS generates time space prisms
for each individual based on mandatory work and school activities that they undertake outside
the home. These time space prisms capture liest and earliest departures or arrivals at key
locations and activities along the course of the day. These time space prisms should not be
violated, although the process in AMOS now allows for infrequent random violations of time
space prisms to refledhe fact that these constraints are not always hard constraints that can
never be violated. The timgpace prism vertices are estimated using stochastic frontier models
that are capable of estimating unobserved vertex conditions based on observeditdfrithat
are influenced by the unobserved prism boundaries.

e Child Dependency Allocation MadéThildren have mandatory activities that may include school
or other afterschool activities. The locations and timings of such activities are often fixed.
Children may take the school bus, use public transit, or walk or bicycle to these activities. In
such instances, they may be assumed to operate reasonably independently without the specific
requirement that they be accompanied by an adult of the housghaHowever, in instances
where the child is not using an independent mode of transport and is dependent on the parents
or adults in the household for transport, then a child dependency allocation model will allocate
0KS OKAf RQ&a Yravyl R anjaduNi thé Mouséhdidh This happensfumt as part
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modified to reflect the presence of mandatory child activities that must be served. The child
deperdency allocation model is a simpteultinomial logit model that allocates each mandatory
activity to an adult in the household. The feasible choice set will always include the option for
the child to undertake the activiti NI @St & A Y RS LISgoRGyinmeht dféan agluit ofK 2 dzi |
the household.

e Vehicle Allocation Model AMOS includes a vehicle allocation model that generally assigns a
vehicle to each driver in the household, in cases where there are multiple adults in the
household. Even in cases whehere are fewer vehicles than adults, a vehicle allocation model
is applied to represent the broad vehicle allocation pattern in the household. This model helps
associate each driver with a primary vehicle and each vehicle with a primary driverneialge
it has been found that drivers in households tend to be associated with specific household
vehicles and drive a vehicle on a much more regular basis than other vehicles in the household.
This vehicle allocation model, applied at the vehicle level amploying simple multinomial
logit specifications, will associate a primary driver to each vehicle in the househadiito be
noted that vehicle ownership and type choice are considered longer term choices and are
included in the land use microsinaion model system as opposed to the activitstvel model
system. Thus, the fleet of vehicles owned by a household will be determined at the population
synthesis stage as part of the longer term choice model system. The multiple discrete
continuous exteme value (MDCEV) model will be used to determine vehicle ownership by type
and vintage.
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e Joint Activity Type Duration Model Within each open period depicted by a tirspace prism,
an individual may engage in discretionary activities. After the sthran open period, an
individual will decide what type of activity to undertake the approximate amount of time that
will be allocated to this activity. By jointly determining activity type and duration and
considering the simultaneity in the choice prgseit is possible toapture unobserved factors
that may impact activity type choice (activity generation) and time allocation to different activity
types. The project team will have to make specific decisions regarding the activity type
categorization ¢ be included in the model, but the current plan is to incorporate as
disaggregate an activity purpose categorization as possible subject to limitations of the model
estimation data set. It is to be noted that one of the elemental alternatives in thecelsst
may include the choice to undertake anhinme activity. The project team has developed a new
probit-based discreteeontinuous modeling approach to estimate parameters in simultaneous
discretecontinuous model systems without having to make arbiradistributional
transformations or employ limited information sequential estimation approaches.

¢ Joint Destinatiorr Mode Choice Model After the activity type and duration are estimated, the
destination and mode choice are determined for the activityThe modedestination
combinations included in the choice set are only those alternatives that are feasible. The
destinations include only those that can be reached by the fastest mode within the constraints
of the timespace prism. Only those modes thare actually available to the individual are
include in the choice set so that modal constraints and schedules are explicitly recognized and
addressed. The joint destinatianode choice model takes the form of a classic nested logit
model with modal akrnatives nested within destination choices. If a nested logit model with
intuitively appealing coefficients cannot be estimated, then a joint logit model may be
considered, although due consideration must be given to the fact that the alternatives are
inevitably correlated with one another leading to violations of the IIA property.

e Activity Accompaniment ModelThe new AMOS will incorporate an explicit model component
to reflect joint activity engagement. If the mode choice model suggests that a-owglipant
vehicle mode is going to be used, then this model component is invoked. Otherwise, this
module remains dormant and the person is assumed to move forward with activity engagement
without consideration of accompaniment arrangement. Note that detory servechild
activities and trips are preset at the beginning to reflect child accompaniment for such activities.
With respect to discretionary activities, if the mode choice model predicts that +ocdiipant
mode may be used, this model uses aeEnmultinomial logit to identify whether the other
occupants are solely household members, #musehold members, or a combination thereof.

If household members are to be present on the trip, this model will run a heuristic check to
identify household mmbers who are capable of accompanying the individual on the activity

0 NR& LJo L¥ y2 K2dzaSK2fR YSYOSNI Aa dal @FAflofSé
rejected and only notmousehold members are allowed to accompany the person on the trip.
Seveal heuristic rules will be applied within the context of this model component to ensure that

the accompaniment arrangement does not defy basic logic and coupling constraints.

e Vehicle Choice ModelAlthough an individual may be primarily associated ittertain vehicle
in the household, it is always possible for individuals to switch vehicles among one agother
particularly when multiple household members are going jointly for an activity or trip. The
vehicle choice model is invoked every time mudipehicles of the household are available at
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the location and time that the next activity is going to be undertaken. The model takes into
account the primary vehicle associated with thévdr and uses that information, together with
other trip attributes, to predict the specific vehicle that will be chosen for the trip. As an initial
simplification, the model system will allow this module to be called only when the astiatis
going to commence from the home location and multiple vehicles are pagtethe home
location at the instant that the choice is made.

e Activity Duration Adjustment ModuleThe activity duration is initially estimated as part of the
joint activity typec duration model. However, the actual activity duration is not knowtil tine
person arrives at the destination and then must adjust the activity duration in such a way that
time space prism boundaries are not violated (occasional violations may be allotvéauristic
activity duration adjustment module is being develoet incorporated into the activity based
model system. This duration adjustment module takes into account the actual arrival time at a
destination, the remaining time available in the tirmpace prism, and the initial estimate of
duration to estimate a evised activity duration. A hazalwhsed duration model coupled with
heuristic decision rules is employed to make the activity duration adjustments.

¢ Routines for Consistency and Feasibility CheCkee of the powerful features of AMOS s that it

combires quantitative econometric model specifications with heuristic decision rules that are
usually incorporated in computational process models. There are numerous consistency checks
and routines that must be carried out throughout the activitgvel simuléion process.
Mandatory servechild activities must be undertaken and children cannot be abandoned at will.
Departure times and arrival times must be consistent and follow a natural sequence. At the end
of a discretionary activity, a determination neetdssbe made as to how much time is available in
the time-space prism to engage in an additional activity. A multinomial logit model can be
applied to determine if an individual will continue the same activity to fill up the prism, proceed
to a new activiy (then invoke the joint activity type& duration model system), or simply
proceed to the next fixed activity early. Consistency checks and routines will be applied to
ensure that no physical and coupling constraints are violated. If a-pudtipant trp is going to
be undertaken, then accompanying household members must be in a position to accompany the
individual. Moreover, the activity duration may have to be modified to reflect the influence of
GKS 20KSNJ I 002 Y Llsphce piys@ cohddirtkh AMOS &urrantly Yh€orporates
numerous heuristic rules and conditions that ensure the simulation of feasible and internally
consistent activititravel patterns. In this project, these routines will be further enhanced and
strengthened to provide forobust simulation of activityravel patterns. Within this project,
two types of consistency will be ensured:

0 Within-household consistency

o Within-person consistency

e Time Use Based Utility Measurghe notion of quality of life is gaining increasing atitem in
GKS GNI @St o0SKIFE@A2NI I NBY Il o CKSNB A& ¢62N] GKI
being in the context of their travel patterns and activity engagement routines. The project team
has developed a simple utility formulation that offeasmeasure of the welfare or satisfaction
that an individual derives from his or her activitavel pattern. The measure incorporates time
spent traveling, time spent at activities, and time spent inside the home. Based on the time
allocation patterns asociated with activityravel engagement, this measure can be computed
and used to determine the loss (or gain) in utility due to the implementation of a policy or
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change in system capacity and condition3his timeuse based utility measure is a very
convenient mechanism for performing environmental justice analysis and to easily quantify the
impacts of various projects or alternative policies on traveler welfare, both at a disaggregate
level and at a more macro level for different market segmentss #nvisioned that this time

use utility measure will be used more in the context of alternatives analysis and policy
evaluation than in the standard forecasting mode.

Table 5 offers a timeline in which each of these model components will be estimaitagl the MAG

NHTS adan travel survey data. At this time, these modules will be estimated purely on this data set.

Once the model components have been developed and tested, the model specifications can be easily

and quickly reestimated for the Puget Sodnregion. It would be more prudent to complete the
RSOSt2LIYSyd FyR GSaidAay3da LINRBOS&a dzaAy3d 2yS -NBIAZ2Y
estimate and test the model in a second region. It should be noted, however, that models estimated

using he MAG household travel survey data set can be applied directly in the Puget Sound region for
testing purposes, with the idea that coefficients can be updated at a later date.

The timeline essentially depicts milestones for two primary tasks associateceach model module.

The first task is the development of the methodology and the estimation of the models. The model
estimation will be undertaken in LIMDEP and GAUSS outside the framework of the integrated model
system. Ultimately, in Year 3, it még possible to integrate model estimation within the OPUS
UrbanSim software architecture that has already been developed. However, in the Year 2 model
development and testing effort, the project team will estimate model coefficients using econometric
modeing software packages and use lookup tables to read coefficients. These lookup tables can be
modified with new sets of coefficients whenever the model system is ported to a different drea.

core programs and engines will remain flexible and generanty area.

The second task is related to the actual programming of the modeling module. As mentioned earlier,
the project team is completely rengineering AMOS with new modules, new routines, and new
programming languages. In keeping with the spifithe open source nature of this entire project, the
project team is recoding all AMOS routines in Python (with C and C++ routines where absolutely
warranted to facilitate computational speed) so that the programs can be freely available to the user
community through open source licensing arrangements (similar to Pop@en)and when model
estimation results become available, a memo will be circulated documenting the modeling methodology
and model estimation resultsTo a large extent, these two tasksnche undertaken on a simultaneous
basis; while model development and estimation is happening on one front, programming and coding can
take place on another front. This will provide for considerable efficiency in teagaeering of AMOS.
Close coordindon among project team members will be maintained to ensure that the model
specifications are compatible with other model components and that the programming protocols and
procedures are such that the integration of code in the OPUS framework is stoaigdutfl.

The project team has already laid the ground work for the development of the adbiafigd travel
model. The project team has already obtained all modal network files, validated -degiimation
matrices by purpose, mode and time of day, draffic count, transit ridership, and travel time data for

the Maricopa region in the context of the ongoing TRANSIMS project. As such, the infrastructure
necessary to estimate a full suite of activitpvel model components is already in place. At fhisnt,

the research team is merely waiting for the latest NHTS@utravel survey data set.
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Table 5. Milestones in the Development of Op&MOS

ModelComponent Milestones Deliverables
Time-Space Prism Generator February 1, 2010

Child Dependencillocation Model March 1, 2010 Memo + Code
Vehicle Allocation Model April 1, 2010

Joint Activity Type Duration Model May 1, 2010 Memo + Code
Joint Destinatiory Mode Choice Model June 1, 2010

Activity Accompaniment Model July 1, 2010 Memo + Code
Vehicle Choice Model August 1, 2010

Activity Duration Adjustment Model September 1, 2010 | Memo + Code
Consistency and Feasibility Checks October 1, 2010

Time Use Utility Measure of Welfare November 1, 2010 | Year 2 Report + Cod

Every pair of milestoreewill be accompanied by the production of a memo and the release of code. This
code will be provided to the OPUS team at the University of California at Berkeley for integration in the
open platform architecture that is already in placén addition, dl memos and code will be made
available to the user community through the project website. Thus, it is anticipated that, in 12 months
from now, there will be a fully integrated set of activitavel demand models operating within OPUS.
Year 3 efforts Wi be dedicated to enhancing the models further, performing extensive sensitivity
analysis and policy experiments, and developing user interfaces that would improve user functionality
and appearance. Please note that all milestones commence only afteartheal Transportation
Research Board Meeting because that is the time that the project team expects to received the 2008
NHTS data set including the Maricopa adddata set.

Model validation and acceptance is critically important to the success®opthject. An extensive set of
validation tests will be conducted to ensure that the model components are functioning in a manner
that is deemed acceptable. Table 6 presents the model validation and acceptance criteria that the
project team has currentldrafted for the activitybased travel demand model. The project teanill

set aside about 20 percent of the travel survey data set to serve as a validation data set. The remaining
80 percent will be used for actual model estimation purposes. EachImuatfule will be applied to the

20 percent set aside to determine if the model is capable of replicating aetigitgl patterns in a
realistic and accurate manner. In performing disaggregate validation checks of this nature, it should be
kept in mind ttat the activitybased model system is simply a stochastic representation of the behavior
of individuals. As such, it is extremely difficult to replicate the activétyel pattern of an individual
because individuals with same household and person cheriatics can have vastly different activity
travel patterns. It is therefore important to consider the more aggregate measures of attausi
demand on the validation data set and ensure that the model is able to replicate those aggregate
measures ofdemand accurately. The validation criteria are largely written keeping this in mind,
although the project team will undertake extensive tests of the reasonableness of the individual activity
travel patterns that the model produces.
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Table 6. Modelalidation and Acceptance Criteria for th&ctivity-Travel Demand ModeComponents

ModelComponent

Validation Criteria/Method

Acceptance Standard

TimeSpace Prism Generator

Actual Distributions of Tim&pace Prism Vertices
versus Model Predicted Distritions of TimeSpace
Prism Vertices

No statistically
significant difference
between actual and
predicted distribution

Child Dependency Allocation
Model

Frequency or proportion of occurrences where
children accompany adult on mandatory activities
includingschool and aftesschool activities (by age
group)

No statistically
significant difference in
the proportion (by age
group)

Vehicle Allocation Model

Compare predicted allocation of vehicles against act
driving trends (a primary driver of a vehicle efided
as one who drives the said vehicle more than any
other household member)

80 percent of vehicles
correctly allocated to
primary driver

Joint Activity Type Duration
Modeland Activity Duration
Adjustment Modet

Distribution of activity purposes; slribution of activity
durations by purpose for different market segments
(male, female, high and low income)

No statistically
significant difference in
the activity type and
duration distributions
by market segment

Joint Destinatiorg Mode
Choice Modéet

Trip length distributions by purpose by market
segment; modal splits by purpose by market segme

No statistically
significant difference
between observed and
predicted distributions

Activity Accompaniment
Model

Distribution of activity accompaniment type
(household members only, nemousehold members
only, combination of household and ndmusehold
members) and vehicle occupancy distribution by
activity type and time of day

No statistically
significant difference
between observed and
predicted distributions

Vehicle Choice Model

Joint distribution of vehicle type by trip length
category by activity type

No statistically
significant difference
between observed and
predicted distributions

Consistency and Feasibility
Checks

Examine all individual activityavel patterns
simulated by the activityravel model; identify
inconsistencies in the patterns (will also help refine
heuristic rules and consistency checks)

90 percent of simulated
activity travel patterns
show withirthousehold
and withinperson
consisteicy

Trip Chaining

Distribution of different trip chaining patterns in the
holdout sample (e.qg., MV-X-H)

No statistically
significant difference
between observed and
predicted distributions
of trip chain types

Time Use Utility Measure of
Welfare*

None

None

Note: Comparisons are made between actual patterns in the 20 percent holdout sample and patterns predicted by
the model componentfor the same 20 percent holdout samphdl modules marked with an asterisk are those for
which the modeling methodolgthas already been developed and are ready to be recoded in Python immediately.
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Table 6 presented the model validation and consistency checks that will be performed in the context of
each model component being applied to simulate actittiwel chaacteristics of interest for the
holdout sample. Note that the project team will conduct all routine calibration checks to ensure that
the models are capable of adequately replicating patterns observed in the estimation data set. As this is
a standard pratice associated with model estimation and parameter calibration processes, it is not
discussed in detail here. However, in many ways, the model calibration checks will mimic the model
validation checks documented in Table 6. While the calibration chaekperformed against the
estimation data set itself, the validation checks in Table 6 are performed against the holdout sample.

After the project team conducts validation checks for each model component using the holdout sample,
a more thorough regioal validation must be performed. This regional validation will be largely
performed for the activitypased model system as a whole, although subsets of modules may be applied
to check and isolate problem spots in the model chain. Table 7 presents a syiwintlae overall model
validation criteria and measures that will be applied to check the performance and acceptability of the
activity-based model system as a whole. Essentially, these checks are undertaken at a point when the
entire model system is beg run for a region or study area and estimates can be compared against
actual ground truth conditions.

Table 7. Model Validation and Acceptance Criteria for the ActiBigsed Travel Model System

Model Aspect Validation Criteria/Method Acceptance Statard
Destination Choice Trip length distributions by trip No statistically
purpose and time of day significant difference
Mode Choice Modal splits by trip purpose and timel No statistically
of day significant difference
Activity/Trip Frequency Total numtler of trips by type by time | £ 10% of actual
of day values
Amount of travel Vehicle miles of travel and vehicle | + 10% of actual

hours of travel by activity category | values
and time of day

Spatial distribution of travel Origindestination matrix flows from | Within £ 20% for 85%
validated fourstep travel model by | of O-D flows
activity category and time of day

Temporal distribution of travel Time of day distribution of travel by | No statistically
activity category significant difference

At this time, the aceptance standards have been set rather arbitrarily without any firm basis. These
standards will need to be further refineas model development and testing efforts are undertaken over
the course of the upcoming year.

In addition to the extensive valitian checks, the project team will subject the activitgsed model
system to a series of sensitivity tests to examine whether the model system is capable of providing
behaviorally intuitive indicatins in direction and magnitude. Table 8 presents a surgraathe types of
sensitivity analyses to which the activitased model system will be subjected. The idea is to ensure
that the model system is responsive to relevant policy questions of interest and a wide range ef socio
economic and modal conditionsdluding pricing scenarios and system shocks.
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Table 8. Sensitivity Analyses Planned to Test Reasonableness of A@ia#gd Model System

Scenario Type

Conditions

Expectations

Socie Regional increase/decrease in population (109862 Model shows increases
economic Regional increase/decrease in employment (10%, 25%| Or decreases in travel
Scenarios Localized increase/decrease in population (10%, 25%) | démand measures
. . . consistet with known
Localized increase/decrease in employment (10%, 259 trends or elasticities
Changes in population/employment density (10%, 25%
New residential or business developments
Changes in distributions of population attributes
e Car ownership, income, household size, number
workers, number of children, dwelling unit type,
occupational distribution, age, gender
Highway Change in highway travel tingeregional and linlspecific | Model shows increases
scenarios Change in linlspecific capacity or speed or decreases in travel
« Consider both increase and decrease in capacity| cOnsistent with
. ) expected trends;
Change in fuel price empirical data available
Change in parking capacity/akedility in the MAG region for
recently opened or
expanded stretches of
roadways
Transit Change in transit fares Model shows increases
scenarios Change in transit servicesfjuencyc, regionwide and or decreases in transit
route-specific changes usage consistent with
Change in transit routesnew routes, elimination of known trends and
routes, new stops, elimination of stops SIS(’JISS“eCrIit(Iaesi (TCRP Repo
Introduction of new transit mode BRT or Light Rail
Introduction of new circulator bus system
Impact of new trang-oriented development (enhanced
pedestrian and bicycle access, enhanced mix of land us
Travel Introduction of HOV lane Modest reductions in
demand t Introduction of HOT lane (Fj’eak pEFiOd tfr’;l\/td it
managemen : -~ : emand, consistent wi
scena?ios Introduction of pricing strategy (mileagmsed fee, numbersfound in the

parking pricing)

Alternative work schedules
Telecommuting

Traveler information systems

literature and the Puget
Sound travel choices
study; also check
empirical evidence on
new HOV lane impact
(MAG region)

The project team plans to subject the activitgsed model system to a full battery of sensitivity tests to
examine the esponsiveness of the model to a variety of system conditions and policy scenarios. The
results will be checked against empirical evidence on changes in travel demand brought about by such

system changes or policies to truly assess the performance andgtabdéy of the model. Any
limitations or issues associated with model responsiveness will be fully documented.
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