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INTRODUCTION 

 
SimTRAVEL is envisioned to be a comprehensive integrated land use ς transport model system capable 
of offering policy sensitive forecasts to a wide range of modal and socio-economic 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, the overarching goal of this multi-year 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, including ς for example ς bicycle and walk travel, freight travel, visitor 
and tourist travel, long-distance travel, and travel of goods and services.  
 
This project will culminate in the development of SimTRAVEL, an open-source 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 to break 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 (this has already 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 three-year undertaking with 
each year constituting a significant piece of the model development effort:  
 

 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 

 Year 2: Detailed model design and layout, development of database structures, identification of 
test site, estimation and testing of individual model components using site-specific datasets, 
programming of open-source modules of various model components 

 Year 3: Continue programming of open-source 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 a follow-up documentation to the report submitted in December 2008 in conjunction 
with the peer review panel meeting held at that time. The report in December 2008 focused heavily on 
providing background information about the issues and challenges associated with 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 design of an integrated model system in this project.  Following that meeting, the 
acronym for the integrated model system was changed to SimTRAVEL to more accurately reflect the 
nature of the effort.  This report focuses heavily on the following aspects of the project effort: 
 

 Model Design: The 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 report and during the first peer review panel 
meeting.  The model design is presented in a step-by-step 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 
ǇǊƻǾŜǊōƛŀƭ άōƭŀŎƪ-ōƻȄέΣ ōǳǘ ŀ ǘǊansparent entity with the user fully aware of all relationships and 
interactions incorporated (and not incorporated) in the model system. 
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 Model Operation:   In addition to the detail model design, it is important to consider the 
operational implementation of 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.  

 

 Model Development and Testing Process:  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 periodic 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 deliverables will be specified, 
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 consideration and 
the key factors that will influence the ultimate selection of test sites for prototype deployment 
and testing.   
 

 Specification of Model Validation and Acceptance Criteria:  Model 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 outputs against 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 ridership, traffic counts, and screenline and cordon 
ŎƻǳƴǘǎΣ ǘƘŜǎŜ ǘǊŀŘƛǘƛƻƴŀƭ ǾŀƭƛŘŀǘƛƻƴ ǇǊƻŎŜŘǳǊŜǎ Ƴŀȅ ƴƻǘ ōŜ ǎǳŦŦƛŎƛŜƴǘ ŦƻǊ άŀŎŎŜǇǘƛƴƎέ ŀƴ 
integrated microsimulation model system such as SimTRAVEL.  The project team envisions 
undertaking extensive sensitivity analysis 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.  

 

 Software Architecture and Data Structures:  The 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 place that can be effectively utilized 
for the deployment of SimTRAVEL in an open-source environment. In addition, the project team 
has been developing efficient data structures and data handling procedures to ensure 
computational performance is not compromised due to the need to handle databases that are 
inevitably very large when one is dealing with fine time-space resolution.  This report will not go 
into detail on these aspects of the project, but will provide some initial indications of the 
directions and options 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.    
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SimTRAVEL MODEL SYSTEM DESIGN 

 
This section 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 project team was to develop a model design that 
constitutes a truly integrated land use ς travel demand ς dynamic network assignment model system as 
opposed to a loose coupling with rather simplistic interfaces.  Following this brief recap of the 
behavioral considerations 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 ς the activity-based model system and the dynamic traffic assignment 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 discussion on the treatment of transit modes is presented.  This discussion is a work-in-progress 
as the transit modeling methodology will inevitably have to be revised and tweaked during prototype 
development and testing stage.  The project team is adopting a transit schedule- and route-based 
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 DESIGN: BEHAVIORAL 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 that have 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 larger spatial blocks such as traffic analysis zones. 
Due to the increasing need for fine-grained 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 that define 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 such considerations was presented with detailed discussions and alternative options 
that may be considered in developing a model design.  In this subsection, a recap of some of those 
considerations is provided to highlight the issues addressed by the project team.  
 
The project team strives to represent behavior along continuous 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 (or tours) into time of day blocks or periods.  While this is computationally 
convenient, particularly when available networks are not necessarily time-varying, such a coarse 
treatment of time leaves much to be desired.  Time is a continuous entity, activity durations and travel 
times are continuous variables, and the fine-grained 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 activity-travel patterns 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 necessary and consistent 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 assignment procedures with aggregated origin-destination 
matrices.   
 
The project team recognizes that there are myriad constraints and interactions that influence activity-
travel patterns and land use location choices.  There are interactions among choice processes, such as 
those between residential location choice and work/school location choices.  There are interactions 
among individuals, both within households and across households (particularly among co-workers, for 
example).  There are dependencies that must be 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) ς thus imposing constraints.  Similarly, there are interactions and 
dependencies across activities and trips, particularly those that belong to the same trip chain or tour.  
There are time-space prism constraints that, under most circumstances, cannot be violated as people 
are limited to a certain action space, the size of which 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 vehicles and the 
more rigid nature of transit schedules, routes, and hours of operation.    
 
When one is considering the design of an integrated land use ς transport model system, the need to 
recognize the presence of feedback processes is further amplified by the fact 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 represented by 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 play a critical role in bringing a 
model to an equilibrium point or state, for example, to a state where travel times obtained from the 
network model no longer change from one iteration to the next.  In designing SimTRAVEL, the research 
project team has attempted to adopt 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 extent to which such 
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 of computational burden and efficiency.  Microsimulation model systems 
essentially purport to simulate the behaviors of individual agents and decision-making units in a fine-
grained time-space representation.  These model systems include numerous components, must run 
through a series of computations for the entire population of a region, and do this a number of times 
through feedback loops until convergence is achieved.  Moreover, simulation models must often be run 
dozens of times as each simulation run is merely one stochastic realization of the behavioral process 
depicted by the model system.  Databases used in large-scale fine-grained integrated model systems are 
inevitably extremely large and the handling of these databases imposes significant computational 
burden.   
 
While great strides ƘŀǾŜ ōŜŜƴ ƳŀŘŜ ƛƴ ǘƘŜ ƳƛŎǊƻǎƛƳǳƭŀǘƛƻƴ ƻŦ ǇŜƻǇƭŜΩǎ ǘǊŀǾŜƭ ƛƴ ŀǳǘƻƳƻōƛƭŜ ƳƻŘŜǎΣ 
there has been relatively less progress in the microsimulation of multimodal travel involving transit 
modes.  Although the demand component of the model system may incorporate transit modes in the 



 Modeling the Urban Continuum in an Integrated Framework 

SimTRAVEL Model Design and Prototype Development and Testing Plan Page 5 

 

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 process with 
aggregated transit origin-destination 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: 

 The representation of transit access and egress legs of a trip 

 The limits placed on a destination choice set to include only those destinations that can be 
reached by transit 

 Consideration of constraints associated with transit schedules and hours of operation 

 Inter-relationships between transit networks and highway networks (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 truly 
integrated model system, one in which activity-travel-location 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 systems such 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 loose coupling 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 behavioral inconsistencies 
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 the time-space 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 activity-travel demand model and the dynamic traffic assignment 
model.  The land use microsimulation model, although integral 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 
phenomena that serve as inputs to the travel model system.  The activity-travel 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 considered to undertake the model integration.  One approach, which is 
essentially a sequential process, involves a loose coupling of model systems.  Each model system is run 
virtually independently without any cross-linkage across the model systems. In this configuration, 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 activity-travel patterns are simulated for all 
individuals in the population.  These activity-travel 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 then be fed back up to the activity-
travel model; the activity-travel model would be run using this new set of network level of service 
attributes, and a new set of activity-travel patterns will emerge.  This new set of activity-travel patterns 
would be fed into the dynamic assignment model, which would (in turn) produce yet another new set of 
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travel times for the activity-based travel demand model.  This sequential process of running each 
individual model system independent of the other with simple input-output data flows connecting the 
two entities constitutes a sequential process in which model systems are loosely stitched or coupled 
together.  This design is not in keeping with the spirit of this project.  
 
The project team has designed an integrated model system in which 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 design adopts more of an event-based paradigm in which every activity, trip 
ŘŜǇŀǊǘǳǊŜΣ ǘǊƛǇ ŀǊǊƛǾŀƭΣ ŀƴŘ ŎƘƻƛŎŜ ƛƴǎǘŀƴŎŜ ƛǎ ŀƴ άŜǾŜƴǘέ ǘƘŀǘ ƛǎ ǎƛƳǳƭŀǘŜŘ ŀƭƻƴƎ ǘƘŜ ǘƛƳŜ ŀȄƛǎΦ  ¢ƘŜ 
overall design framework is shown in Figure 1.   
 
In the activity-based model system (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 those alternatives 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.  The joint mode-destination choice model component uses network level of 
service attributes (primarily travel times) to simulate these choices.  Therefore, the activity-travel 
demand model needs an initial set of network travel times to get started.  These initial travel times 
could be derived from the existing validated four-step 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 an initial boot-strapping procedure to obtain a more consistent 
initial set of travel times ς i.e., more consistent with travel times that are likely to be obtained from a 
dynamic traffic assignment modeling methodology.  This initial bootstrapping procedure will be 
described in detail later.   
 
For now, assume that an initial set of node-to-node travel times and origin-destination shortest paths (a 
shortest path set obtained through the bootstrapping procedure) is available.  Then, Figure 1 shows how 
the activity-travel demand model and the dynamic traffic assignment model will be linked together in a 
truly integrated framework.  The time-resolution in the activity-travel demand model is one minute.  
Essentially, activities can begin and end, and trips can begin and end, on the minute.  A 24-hour day may 
be broken up into 1440 one-minute periods because there are 1440 minutes in a day.  At each minute, a 
number of trips, with associated origin-destination-mode-vehicle information, occur.  These trips come 
from the activity-travel demand model which populates each trip with these essential four ingredients 
of information.  In addition, the activity-travel demand model also provides information on number of 
occupants, relationship among occupants in a vehicle, vehicle type and identifier, and trip purpose.  
Armed with the origin-destination-mode-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 set of trips passed from the activity-travel demand model to the dynamic traffic assignment model 
in each one minute time-ǎƭƛŎŜ ƛǎ ǊƻǳǘŜŘΦ  ²ŀǊŘǊƻǇΩǎ ǇǊƛƴŎƛǇƭŜ ƻŦ ǳǎŜǊ ŜǉǳƛƭƛōǊƛǳƳ ƘƻƭŘǎ ƛƴ ǘƘŀǘ ǘƘŜ ǘǊƛǇǎ 
are allocated to different routes in the shortest path set (between an origin-destination 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 position of a vehicle (on its path to the destionation) is 
updated.  Each minute has 10 six-second 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 the network 
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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 traffic assignment model at each minute will be 
uniformly distributed across the six-second 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 vehicles can be monitored every six seconds.  While it is 
theoretically possible to update node-to-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 
resolution consistent with that of the activity-travel demand model can be used for updating link travel 
times. Thus, the dynamic traffic assignment model updates node-to-node or link travel times every one 
minute based on network conditions.  Using well-established macroscopic speed-flow relationships, the 
speeds and travel times on every link are updated on a minute-by-minute basis. Vehicle trips are now 
executed on the network using these travel time updates until vehicles reach the assigned destination.  
The arrival time is obtained from the dynamic traffic assignment.  The dynamic traffic assignment model 
feeds back to the activity-based travel demand, in every one minute time slice, the set of trips (with all 
necessary identifiers and attributes) that have reached their destination.  The activity-based model then 
allows these individuals to pursue their activities.  The time allocation to an activity is computed using a 
duration model, while ensuring that time-space prism constraints are not violated.  When an activity is 
completed, an individual reaches the next decision point on undertaking an activity.  The mode-
destination-vehicle combination for the next activity is determined in the activity-based travel model 
and the set of trips generated in each one minute time slice is fed to the dynamic traffic assignment 
model.   
 
In each one minute time-slice, there will be a set of trips that are fed from the activity-based travel 
model to the dynamic traffic assignment model, and a set of trips that are fed from the dynamic traffic 
assignment model to the activity-based travel demand model.  The time-dependent shortest paths are 
obtained at the end of one 24-hour simulation or iteration.  At the end of a 24-hour simulation, one 
obtains a set of link travel times or node-to-node travel times for every minute of the day.  For example, 
if there are 20000 links in a network, then one will have 20000 x 1440 link travel times.  Using these link 
travel times, the k time-dependent shortest paths between all origin-destination pairs can be computed 
for every minute of the day.  Just for simplicity, if one assumed the value of k to be constant across all 
origin-destination pairs, then the number of time-dependent shortest paths defined for each one-
minute time slice would be n 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 time-dependent shortest paths that are generated 
and carried from one iteration to the next is n x n x k x 1440.   
 
Thus, the 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 times.  Thus, arrival times are 
ǎƛƳǳƭŀǘŜŘ ŀƴŘ ŘŜǘŜǊƳƛƴŜŘ ƭƛǘŜǊŀƭƭȅ ƛƴ άǊŜŀƭ-ǘƛƳŜέ ŀƭƻƴƎ ǘƘŜ Ŏƻƴǘƛƴǳƻǳǎ ǘƛƳŜ ŀȄƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ 
simulations of vehicle movements and updated vehicle speeds (every minute) within an iteration.  On 
the other hand, the k time-dependent shortest paths are defined in such a way that day-to-day learning 
processes are mimicked.  The overall feedback loop may be considered representative of a day-to-day 
learning process whereby ǘƘŜ ǎŜǘ ƻŦ ǎƘƻǊǘŜǎǘ ǇŀǘƘǎ ƎŜǘǎ ǳǇŘŀǘŜŘ άŦǊƻƳ ƻƴŜ Řŀȅ ǘƻ ǘƘŜ ƴŜȄǘέ ōŀǎŜŘ ƻƴ 
traveler experiences.  This updating process is captured by the larger feedback loop shown in the figure.  
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Figure 1.  Operational Paradigm Underlying Integrated Demand-Supply Model 
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Consistent with the notion of dynamic traffic assignment, shortest paths computed in this algorithm are 
time-dependent shortest paths.  Time-dependent shortest paths recognize the fact that time elapses 
when one moves from one link to the next along a route/path.  Say, a route between 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 times across links in a time-dependent 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., five minutes 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 origin-destination pair.  The value of 
k will be determined as part of the model development and testing phase, although it is expected that 
the value of k will be at least two and no more than five. The algorithm will accommodate varying values 
of k across origin-destination pairs.   
 
How does one get the process started?  As can be seen from the figure, it is necessary to have a set of k 
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 four-step travel demand model.  The link travel times 
from the model can be used to compute origin-destination route travel times and identify the shortest 
paths. However, there is a problem with this approach.  Because the travel times provided by the four-
step travel demand model are obtained based on coarse aggregations of time periods (several hours at a 
time with just 4-5 time periods in a day) and obtained using origin-destination matrices derived from 
trip-based estimates of demand, these travel times are not likely to offer a robust means of computing k 
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 a boot-strapping 
procedure that is depicted in Figure 2.   
 
In this boot-strapping procedure, the travel times from the validated four-step travel demand model are 
used to do a complete run of the activity-based travel demand model.  Arrival times are determined 
based on the travel times provided by the four-step travel model.  After a complete 24-hour simulation 
of activity-travel demand is completed, the trips are aggregated into 30-minute origin-destination 
matrices.  These 30-min origin-destination matrices are fed into the dynamic traffic assignment model.  
Dynamic traffic assignment models are fully capable of reading in origin-destination matrices and 
uniformly distribute the traffic demand of a 30-minute period across the time span to facilitate route 
assignment and vehicle simulation.  The dynamic traffic assignment model will run through a complete 
24-hour simulation and output node-to-node or link travel times at one-minute resolution.    
 
Essentially, the bootstrapping procedure mimics the more traditional sequential process.  Origin-
destination travel times are used in the activity-based travel model to generate complete activity-travel 
schedules for all individuals in the population.  These schedules are then aggregated into a set of origin-
destination matrices and assigned using dynamic traffic assignment models. In the first run, the dynamic 
traffic assignment model will also use the travel times from the four-step travel model and identify a set 
of shortest paths for each time period based on these travel times. However, these paths are not likely 
to be time-dependent shortest paths because 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 derived on a minute-by-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 time-dependent shortest paths.  A new iteration of the 
bootstrapping procedure then commences.  This process is continued until the origin-destination travel 
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times do not change appreciably from one iteration to the next.  The set of time-dependent shortest 
paths and link travel times obtained at the end of the bootstrapping procedure are used to initiate the 
dynamic integrated model system presented in Figure 1.  
 
 

 
 

Figure 2. Initial Bootstrapping Procedure for Estimating Travel Times 
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The location choice 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 accessibility computations.  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 measures can take the form of a travel time-weighted 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 those destinations 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 businesses.   
 
Recognizing that land use choices tend to be longer term choices, while activity-travel choices 
embedded in the frameworks depicted in Figures 1 and 2 are shorter-term travel choices, there is no 
instantaneous feedback process between the travel model components and the land use model 
component. Instead, the relationship between land use location choices and activity-travel 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 year t are used to compute a series of accessibility measures.  
These year t accessibility measures are then fed into the land use microsimulation model system to 
simulate location choices and land use patterns in year t+1.  The year t+1 land use configuration then 
serves as input to the integrated demand and supply model system (depicted in Figure 2) for year t+1.  
At the end of the process, travel times for year t+1 are obtained and these are used to calculate 
accessibility measures for year t+1.  These accessibility measures are fed into the land use 
microsimulation model to obtain land use configuration and location choices for year t+2, and the 
process continues in an evolutionary process until the horizon forecast year is reached.  
 
In the first report submitted in 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 experience no change (other than 
a simple aging of one year) in location choices or household/person demographics, perhaps the activity-
travel patterns remain largely unchanged.  By limiting the simulation to those households and persons 
that actually experience a transition of some kind, the computational burden associated with annual 
simulation of activity-travel demand and location choices can be substantially reduced.  While this 
concept remains certainly appealing, the project team is not proceeding with the implementation 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 activity-travel patterns of households and 
individuals that undergo a change versus those that do undergo a change. It is also difficult to set criteria 
ŦƻǊ ǿƘŀǘ ŎƻƴǎǘƛǘǳǘŜǎ ŀ άŎƘŀƴƎŜέ ƛƴ ŎƛǊŎǳƳǎǘŀƴŎŜ ƛƴ ŀ ƘƻǳǎŜƘƻƭŘ ƻǊ ǇŜǊǎƻƴ ǎƛǘǳŀǘƛƻƴΦ  CƻǊ ŜȄŀƳǇƭŜΣ ǿƻǳƭŘ 
a 10 percent increase in income (with absolutely no other changes in the household/person 
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎύ ŎƻƴǎǘƛǘǳǘŜ ŀ άŎƘŀƴƎŜέ ǿƻǊǘƘȅ ƻŦ ƳƻŘŜƭƛƴƎ ŀŎǘƛǾƛǘȅ-travel patterns in a simulation year, or 
would this constitute a non-event that does not bring about any changes to activity-travel patterns.  
Given the complexity of household activity-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 trial basis after the 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 demand ς supply model 
depicted in Figure 2 (and the bootstrapping procedure depicted in Figure 1).  As these are 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 and testing 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 is proposed that the process be run through to convergence. There 
are essentially two measures that will be used to determine convergence in the bootstrapping 
procedure. They are 30-min aggregate origin-destination tables and origin-destination travel times.  It 
has been reported in the literature that the use of averaging helps bring iterative processes to 
convergence in a computationally feasible and efficient manner (as opposed to more naïve methods 
wherein such averaging techniques are not employed).  The project team will implement (and try out) 
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 efficiently.  Criteria will be established in terms of the maximum 
allowable difference (absolute difference) between results of one iteration and the immediately 
preceding iteration for each origin-destination pair, as well as the overall average absolute difference 
across all origin-destination 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 dynamic integrated model system process (shown in Figure 2).  
 
Very similar logic will be applied to bring the process depicted in Figure 2 to a stop as well.  The origin-
destination travel times will be averaged over successive iterations and compared between two 
successive iterations.  When no origin-destination 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 using travel times, the project team will also compute 30-
minute origin-destination 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 non-uniqueness 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 30-minute origin-destination 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 origin-destination travel times and origin-destination flows 
(aggregated into 30-min blocks), suitably averaged over successive iterations, to bring the process to 
convergence.  The project team recognizes that this may be extremely difficult considering that there 
are literally 1440 origin-destination travel times and millions of cells in the origin-destination matrices.  
How is it possible 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 established threshold 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, the research 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 activity-travel 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 simply set 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 number of 
iterations.  If the maximum number of iterations is set to a value that is large enough, then the 
differences between 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 so that the process does not continue for 
eternity in case convergence criteria are not met rapidly.  This balanced approach would provide for 
near-convergence, while providing computational efficiency and accommodation of the notion that true 
equilibrium is never truly achieved in the real world.   
 
 
MODEL CAPABILITIES: TREATMENT OF TRANSIT ς A SCHEDULE-BASED APPROACH 
 
The model design presented above is appealing in that it accommodates several concepts that have 
hitherto been difficult to accommodate in efforts to develop integrated demand ς 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 some simple interfaces, and not integrated along the continuous time axis.  When full-day 
activity schedules are generated without integrating network performance and conditions into the 
activity scheduling process, then one encounters situations where infeasible activity schedules are 
generated.  In particular, a loosely coupled model system has limited capability to adequately model 
transit operations in a consistent manner and handle the impact of network disruptions and unexpected 
events on activity scheduling.  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 to transit schedules, stops, and routes in the modeling of activity-travel patterns. 
In the case of SimTRAVEL, these challenges are largely overcome because of the nature in which activity-
travel patterns emerge in the model over the course of a 24-hour period.   SimTRAVEL will utilize 
complete information contained in detailed transit networks, transit schedule tables, and stop and route 
information.  The activity-based 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 the activity-travel pattern emerges over the course of a 
24-hour period, the inclusion or exclusion of transit can be determined on an activity-by-activity or trip-
by-trip basis without any inconsistency creeping into the transit modeling process.  In addition, as the 
activity-based model system utilizes a joint mode-destination 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 activity-based travel model includes numerous checks to ensure that transit is treated in a 
consistent and robust manner.  For example, consider the following: 
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 If a trip (activity) is taking place at a time during which transit does not operate, then transit is 
not included in the feasible mode choice set.   

 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.   

 If a person 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 home-work-school 
location.  At the beginning and end of the 24-hour simulation period, all personal 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) for mid-day work-based tours 
(e.g., going to lunch).  

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

 
Even with this consistent treatment of transit choice behavior, there will be issues related to transit 
access and egress that will need to be addressed.    The project team will obtain existing model networks 
from the selected prototype case study sites; such networks will generally include coded transit access 
links with travel time attributes for both auto-access and walk/bicycle access.  In addition, model 
networks include transit schedules with stop locations and headway information that can be used to 
determine boarding 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 the transit 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 random.  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 activity durations 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 activity 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 PM, implying 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 service would be associated with a large negative utility relative to other modes in the mode 
choice set 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.  Even if a personal 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 activity-based model 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 activity-based 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 mode-destination choice set, 
including those that have used the bicycle mode for any 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 to use a personal 
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 a mid-day tour 
while at work) may time their activity durations to be consistent with transit.   The 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 consistent with transit schedules.  
Based on this data exploration effort, and results from the ensuing model estimation exercise, it should 
be possible to develop model specifications that generally reflect individual behavior with respect to 
transit schedule adherence.  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 time that 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 
simulation is likely to mirror what often takes place in the real world.   
 
Thus, from a pure activity-based model perspective, the project team believes that maintaining 
consistency with transit in the generation and execution of activity schedules can be handled in the 
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 SimTRAVEL model design, arrival times are 
determined based on travel times from the dynamic traffic 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 
because transit 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, the definition 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 
capabilities that allow relationships between highway network and 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 turned 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 networks and assigning 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 process and improve computational efficiency, the transit passenger 
loading and assignment is separated into two parts ς a simulation component and an assignment 
component. This configuration takes advantage of the fact that the simulation component is already 
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 is complementary 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 environment.  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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¢ƘŜ ǘǊŀƴǎƛǘ ŀǎǎƛƎƴƳŜƴǘ ǇǊƻŎŜŘǳǊŜ ƛƴ ¢Ǌ!a ŀǎǎǳƳŜǎ ǘƘŀǘ ŜǾŜǊȅ ǇŀǎǎŜƴƎŜǊ Ƙŀǎ ŀ άǎǘǊŀǘŜƎȅέ ǘƻ ƎŜǘ ǘƻ Ƙƛǎ ƻǊ 
her destination.  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 
ƻǇǘƛƻƴǎ ƛǎ ŜƳōƻŘƛŜŘ ƛƴ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ŀ ǇŀǎǎŜƴƎŜǊ άǎǘǊŀǘŜƎȅέΦ  The route or combination of routes 
connecting an origin ς ŘŜǎǘƛƴŀǘƛƻƴ ǇŀƛǊ ǘƘŀǘ Ƴŀȅ ōŜ ŎƘƻǎŜƴ ōȅ ŀ ǇŀǎǎŜƴƎŜǊ ƛǎ ŎŀƭƭŜŘ ŀ άǎǘǊŀǘŜƎȅέ ό{ǇƛŜǎǎ 
ŀƴŘ CƭƻǊƛŀƴΣ мфуфύΣ ŀƴŘ Ŏŀƴ ōŜ ƳƻŘŜƭŜŘ ŀǎ ŀ άƘȅǇŜǊǇŀǘƘέ ŀǎ ŘŜǎŎǊƛōŜŘ ōȅ bƎǳȅŜƴ ŀƴŘ tŀƭƭƻǘǘƛƴƻ όмфууύΦ  
¢Ƙƛǎ άƘȅǇŜǊǇŀǘƘέ ƛǎ ŜǎǎŜƴǘƛŀƭƭȅ ŀ ǎƳŀƭƭ ǎǳō-network (or sub-ƎǊŀǇƘύ ōŜǘǿŜŜƴ ǘƘŜ ǇŀǎǎŜƴƎŜǊΩǎ ƻǊƛƎƛƴ ŀƴŘ 
destination, including the possible routes that the passenger may consider for his or her trip.  Such  a 
άǎǘǊŀǘŜƎȅέ ƻǊ άƘȅǇŜǊǇŀǘƘέ ǊŜǇǊŜǎŜƴǘǎ ǘƘŜ ƎŜƴŜǊŀƭ ƳŜƴǘŀƭ ƳƻŘŜl that a passenger may have of possible 
route choices in the transit network.  However, when the passenger actually travels in the network, only 
ƻƴŜ ǎƛƴƎƭŜ ǇŀǘƘ ƛǎ ǘǊŀǾŜǊǎŜŘ ƛƴ ǊŜŀƭƛǘȅΦ   ¢ƘǳǎΣ ǘƘŜ άǎǘǊŀǘŜƎȅέ ƻǊ άƘȅǇŜǊǇŀǘƘέ ƛǎ ŘƛŦŦŜǊŜƴǘ ŦǊƻƳ ŀ ǊŜŀƭ 
experienced path.   
 
¢ƘŜǊŜ ŀǊŜ ǎŜǾŜǊŀƭ ǇƻǎǎƛōƭŜ ƳŜǘƘƻŘǎ ŦƻǊ ŘŜǘŜǊƳƛƴƛƴƎ ŀ ǇŀǎǎŜƴƎŜǊΩǎ ǎǘǊŀǘŜƎȅΦ  Lƴ ǘƘŜ ƻǊƛƎƛƴŀƭ ŦƻǊƳǳƭŀǘƛƻƴ 
of Speiss and Florian (1989), the objective was to minimize travel time.  The framework proposed by 
Nguyen and Pallottino (1988) is more general, 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 a particular 
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 is the utility of traveling between an origin ς destination 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 represent generalized 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 more tasks to MALTA (depicted on left hand side of figure).  Initially, TrAM (depicted on 
ǊƛƎƘǘ ƘŀƴŘ ǎƛŘŜ ƻŦ ŦƛƎǳǊŜύ ǎŜŀǊŎƘŜǎ ŦƻǊ ŀƴ άƻǇǘƛƳŀƭέ ƘȅǇŜǊǇŀǘƘ ƻƴ ǘƘŜ ǘǊŀƴǎƛǘ ƴŜǘǿƻǊƪ ŦƻǊ ŀƭƭ ǇŀǎǎŜƴƎŜǊǎ 
over the entire day.  This set of hyperpaths is fed into MALTA, along with the transit schedule.  MALTA 
then loads the passengers on the transit network and simulates their movements between origins and 
destinations for the entire 24-hour simulation period.  During the loading process, a capacity constraint 
may be applied for situations where transit vehicles are subject to over-crowding.  Based on this 
ŎƻƴǎǘǊŀƛƴǘΣ a![¢! ƛǎ ŎŀǇŀōƭŜ ƻŦ ƛƴǘŜǊƴŀƭƭȅ ƎŜƴŜǊŀǘƛƴƎ ǇŀǎǎŜƴƎŜǊǎΩ ǇŀǘƘ ŎƘƻƛŎŜǎ ƛƴ ǘƘŜ ƛƴǎǘŀƴŎŜǎ ǿƘŜƴ 
they are denied boarding due to capacity constraints.  After MALTA has completed 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 effect, tƘŜƴ ¢Ǌ!a ǿƛƭƭ ŜȄƛǘ ǿƛǘƘ ŀ άǳǎŜǊ ŜǉǳƛƭƛōǊƛǳƳέ ǎƻƭǳǘƛƻƴΦ  !ƭƭ 
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 information from each 
ǇŀǎǎŜƴƎŜǊΩǎ ŜȄǇŜǊƛŜƴŎŜŘ ǇŀǘƘ ƛǎ ŦŜŘ ōŀŎƪ ƛƴǘƻ ¢Ǌ!aΦ  ¢Ƙƛǎ ƛǎ ƴŜŎŜǎǎŀǊȅ ōŜŎŀǳǎŜ ǎƻƳŜ ǇŀǎǎŜƴƎŜǊǎ Ƴŀȅ ōŜ 
unable to board a vehicle in their desired strategy.  In this case, the assignment continues through a 
series of iterations, until a user equilibrium condition is reached.  In other words, the utility of each 
passenger is maximized, given the capacity constraints that exist.  In each iteration, an assignment is 
performed in TrAM using updated (experienced) travel times, followed by a run of MALTA to simulate 
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 any direct connection with the assignment procedure (TrAM).  From a 
computational perspective, this may be a more efficient way of handling the combined simulation and 
assignment.  
 

 
 

Figure 3. MALTA ς TrAM Integrated Architecture: Alternative 1 
 
An alternative model structure is shown in Figure 4.  In this architecture, there is a direct interface 
between MALTA and TrAM during the simulation of a single day.  MALTA takes a slightly diminished role 
in this architecture, serving only in 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.   
 
TrAM ǿƛƭƭ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ǇŀǎǎŜƴƎŜǊǎΩ ƻǇǘƛƳŀƭ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ǇŀǘƘ ŎƘƻƛŎŜǎ ŦƻǊ ŀ ƎƛǾŜƴ ǘƛƳŜ ƛƴǘŜǊǾŀƭΣ ŀŦǘŜǊ 
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, as the MALTA 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 
passengers are 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 constraint is 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 state.  This approach may be advantageous in 
that there is greater control of the assignment process through TrAM, and more opportunities to 
explore the effects of real-time information on passenger path choices.  In addition, this type of 
architecture may be more 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 the transit assignment process may come in the way of realizing the computational 
benefits and advantages associated with MALTA.  
 

 
Figure 4.  MALTA ς TrAM 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 MALTA-TrAM Integrated Architecture  

Object Attributes 

Passenger ID 

Origin-destination (by zone)  

Desired arrival time (DAT) 

Departure time 

Experienced path information: bus route, bus schedule, # of transfers, waiting time, in-
vehicle travel time, transfer time, etc. 
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Vehicle 

ID 

Route information: Node and arc set 

Schedule: departure time and/or arrival time at each stop 
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# of passengers waiting, by passenger strategy 
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The passenger object is an essential element of the transit assignment process.  Every passenger is 
assumed to have a desired destination arrival 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 passenƎŜǊǎΩ ǎŜƭŜŎǘŜŘ 
departure times and/or mode within the activity-based 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 the transit 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 residual capacity of each 
transit vehicle.  If there is limited capacity on-board the vehicle, boarding is conducted in a first-in first-
out manner.  In addition, there will be an object for each transit stop containing the route information 
for all routes serving that stop, along with associated queues of passengers waiting at any specific time 
interval.   
 
   
MODEL CAPABILITIES: TREATMENT OF NETWORK DISRUPTIONS ς REAL-TIME ACTIVITY RESCHEDULING 
 
One of the major motivations for developing an integrated microsimulation 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 daily basis and generally lead to non-recurring 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 or over-saturated 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 represent day-to-day learning 
processes, it would be prudent to discuss the way in which the model design accommodates non-
recurring network disruptions due to extreme events.  
 
The discussion of the representation of the impacts of network disruptions has to begin with a debate 
on the modeling approach adopted in the activity-based model system of this project and the extent to 
which people pre-plan their daily activities.  In the activity-based model system adopted in this project, 
an implicit assumption is made that individuals only pre-plan their mandatory activities and pre-plan the 
ǎŎƘŜŘǳƭƛƴƎ ƻŦ ǘƘŜƛǊ ŘŜǇŜƴŘŜƴǘǎΩ ƳŀƴŘŀǘƻǊȅ ŀŎǘƛǾƛǘƛŜǎΦ  ¦ƴŘŜǊ ǘƘƛǎ ŀǎǎǳƳǇǘƛƻƴΣ ƛƴŘƛǾƛŘǳŀƭǎ ǇǊŜ-plan their 
ǿƻǊƪ ŀƴŘ ǎŎƘƻƻƭ ŀŎǘƛǾƛǘƛŜǎ ŀƴŘ ƭƻŎƪ ƛƴ ǘƘŜ ǎŎƘŜŘǳƭŜǎ ƻŦ ǘƘŜƛǊ ŎƘƛƭŘǊŜƴΩǎ ǎŎƘƻƻƭǎ ƻǊ ŀŎǘƛǾƛǘƛŜǎ ƛŦ ǘƘŜ ŎƘƛƭŘ 
depends on an adult in the household to meet his or her mobility needs.  Given this mandatory activity 
schedule skeleton, and associated time-space prisms that result, individuals are then assumed to choose 
to engage in non-mandatory activities and determine the attributes of the non-mandatory activities 
along the course of a day.  In other words, non-mandatory activities are assumed to be NOT pre-
planned.  This is the behavioral paradigm embedded in the activity-based model system adopted in this 
project.   
 
An alternative approach is to 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 the plan in the 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 day-activity agenda defined up front in the form of 
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tours and activity agendas, and 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 be pre-planned, but rather 
planned along the course of a 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 perturbed by the introduction of a 
non-recurring event.  Depending on the arrival time at a destination, the activity-based model will 
simulate activity durations, activity type choice, and other activity attributes depending on remaining 
time available in the time-space prisms.  An activity-travel choice at any point in time of the day is 
affected by the current state of the traveler and the history of activity-travel engagement up to that 
point.  Thus, the effects of network disruptions can be effectively represented 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 pursue a non-mandatory activity due to limited time available in the time-space 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 time-space prism).  The dynamic traffic assignment model can 
accommodate any route-level 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 determine 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 disruption.  When a network 
disruption occurs, the dynamic traffic assignment model would have to not only take care of re-routing 
individuals, but also incorporate the ability to execute within-day schedule adjustment for the current 
and all subsequent activities included 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 pre-plan some discretionary activities at the beginning of the day, at least to some 
degree in terms of timing, sequence, and location.  It is also possible that some discretionary activities 
are simply not pre-planned at all, but undertaken on the fly depending on time availability and network 
conditions at the instant that the decision is made.  In recognition of this duality in the real-world, it is 
considered prudent by the project team to have real-time activity re-scheduling capabilities embedded 
in the dynamic traffic assignment model that can be turned on or off as needed.  For example, in the 
case of this specific model design where the activity-based model system takes care of the activity 
schedule development in the course of a day, the within-day activity rescheduling component of the 
dynamic traffic assignment model may be 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 model of this project 
with a daily activity schedule based model system (where the complete daily activity agenda is identified 
in the beginning), the within-day activity rescheduling component of the dynamic traffic assignment 
model can be switched on to accommodate effects 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 back option 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 complete daily activity agenda is developed based on expected travel 
times (defined by the travel times obtained from the dynamic traffic assignment model in the previous 



 Modeling the Urban Continuum in an Integrated Framework 

SimTRAVEL Model Design and Prototype Development and Testing Plan Page 21 

 

iteration).  After several iterations of sequentially running the activity based model and the dynamic 
traffic assignment model, one would obtain a complete daily activity schedule for each individual in the 
population based on expected travel times. After these daily activity agendas are obtained, the analyst 
can then assess the impact of a severe network disruption on activity schedules and network 
performance.  The daily activity schedules may be fed to the dynamic traffic assignment model, but with 
a network disruption introduced in the network.  In this context, real-time activity re-scheduling would 
have to be undertaken.  As there is no interaction with the activity-based model at this point (in such a 
model design), the dynamic traffic assignment model must be able to handle the activity re-scheduling 
process.  The modified activity agenda is then obtained in response to a network disruption.  As a 
network disruption is likely to yield non-equilibrium conditions, it is unlikely that an iterative process 
needs to be implemented.  The results from a single application of the dynamic traffic assignment model 
with a network disruption and within-day 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 stochastic realizations, if desired.  However, the need to iterate to 
some equilibrium state under network disruptions does not exist.   
 
This section presents an overview of the within-day activity rescheduling capability of the dynamic 
traffic assignment model.  The opportunity or need to undertake within-day activity rescheduling may 
arise for various reasons, for example, the last-minute cancellation of a scheduled meeting or the 
occurrence of a network incident that dramatically changes travel time to a destination.  The schedule 
adjustment decision process is shown in Figure 5.  The model accepts the existing daily activity schedule 
as an input.  At decision time t, a check is performed to determine if there are activity attribute changes 
or network condition changes 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 ς change in network condition and change in activity attributes.  After the activity schedule is 
updated for time t, the decision time instance is advanced from t to t+1.   
 
 

 
 

Figure 5. Framework of Within-Day Activity Schedule Modification 
 

Activities attribute changes 
Network condition change 
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As can be seen in the framework, there is an initial decision making process.  The existing schedule that 
remains at time t is provided to the rescheduling module as initial information.  At each time t, a 
determination will be made as to whether an individual will modify the planned activity schedule.  To 
represent this initial decision making process, a rule-based 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.   
 

 
 

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 condition while the second context pertains to a change in pre-planned activities.  As 
shown in Figure 7, the existing schedule is re-optimized 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 changes in network 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 is re-optimized 
recognizing that one discretionary activity has been eliminated from the schedule.  The activity deletion 
and re-optimization process continues until a feasible and optimal solution is found.  This constitutes a 
new revised schedule.   
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In the situation where the 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 pre-planned schedule may open up free time or create 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.  Existing activities may be pursued at farther away (and 
presumably more desirable) 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 added (this is done using a probabilistic 
activity type choice model), the expanded activity set is re-optimized 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 the original activities are re-adjusted accounting for the time surplus in an optimal way.  
 

 
 

Figure 7.  Rescheduling Decision Process for Network Condition Change 
 
 
In the second scenario, one may encounter a time shortage, somewhat 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 existing activities, the existing schedule is re-optimized according to the new constraints.  
If maintaining the existing schedule becomes impossible, a discretionary activity is removed.  The 
remainder of the schedule is re-optimized to check for feasibility and optimality.  The entire process, 
shown in Figure 8, is repeated until an optimal schedule is obtained.    
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Figure 8.  Rescheduling Decision Process for Activity Attribute Change 
 
The mathematical formulation of the rescheduling model is based on the utility maximization principle.  
The schedule re-optimization problem involves decisions to be made about start time, activity duration, 
and the sequence of existing or remaining activities in the schedule.  The overall objective is to 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 term 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 quadratic form, and the magnitude of utility 
depends on the duration of an activity. Parameter values in the marginal utility equation will be 
estimated using travel survey data. Three decision variables are considered, as follows: 
 

   s

bt : start of activity b, b )(', iAb  

bd : duration of activity b, b )(', iAb  

,b hy : sequence index where ,b hy  = 1 if activity b precedes activity h 
 

The objective function may then be written as follows:  
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It is assumed that the marginal utility function takes the form of a quadratic as: 
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where a, b, and c are parameters that are estimated using travel survey data.   
 
Then, the operational objective function associated with the marginal utility equation may be written as: 
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The maximization of this utility function is done subject to scheduling constraints. At a minimum, two 
sets of constraints are considered in the initial prototype.  They are as follows: 
 

A. Activity sequence decision constraints 

hbbhb

s

h

s

b wMdyMtt ,, hb, hbiAhiAb ),('),(',  

1,, bhhb yy hbiAhiAb ),('),(', hb,  

 
B.  Start time/end time/duration flexibility constraints 

_min _maxe s s

b b bt t t , b )(', iAb  
_min _maxe s e

b b b bt t d t b, )(', iAb  

 
The project team is currently developing a prototype 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 documented in a Year 2 
report.   
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MODEL CAPABILITIES: QUANTIFYING TIME-SPACE 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 model components to reflect the impacts of 
ǘǊŀǾŜƭ ǘƛƳŜǎ ŀƴŘ ƻǘƘŜǊ ŀŎŎŜǎǎƛōƛƭƛǘȅ ƳŜŀǎǳǊŜǎ ƻƴ ǇŜƻǇƭŜΩǎ ǊŜǎƛŘŜƴǘƛŀƭ ŀƴŘ ǿƻǊƪ ƭƻŎŀǘƛƻƴ ŎƘƻƛŎŜǎΣ ŀƴŘ 
business location choices.  The project team has spent considerable time over the past year refining and 
examining the 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 measures that the 
project team is considering, with emphasis at this time on the 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 activity-travel 
behavior.      
 
The empirical research on accessibility and residential choice spans at least half a century (Hansen, 
1959). Traditional accessibility measurement approaches used can be broadly classified into four 
categories: proximity-based, gravity-based, isochrone, and utility-based (Geurs and van Wee, 2004).  
This section offers a brief description of each approach and then presents a new time-space prism based 
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 accessibility, and thus relatively easy to calculate and understand, are 
proximity-based measures. This is an objective, place-based 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, distance to highway, cost to employment). The classic monocentric city 
model is based on proximity to the central business district (Alonso, 1964; Muth, 1969). In the jobs-
housing balance literature, proximity-to-employment measures have been central to the assessment of 
urban spatial structures and the evaluation of land-use and transportation policies (Giuliano, 1991; 
Levinson, 1998). Some researchers have observed commuting cost to influence residential location 
(Levinson, 1998; Weisbrod et al, 1980) but others have found it to have a more limited role in this choice 
(Giuliano and Small, 1993; Gordon and Richardson, 1994).  The simplicity of proximity-based 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 accessibility from the 
denominator in the gravity model for trip distribution (Handy and Niemeier, 1997). This is a zonal 
approach that weights the potential of opportunities for interaction, quantified as the amount of an 
activity weighted by a deterrence function representing travel time, distance, or generalized cost. A 
generic formulation to calculate  Ai, the accessibility for residents in zone i , is: 
 

 
j

ijji cfaA  

 
where  aj represents the quantity of opportunities in zone j (e.g., number of jobs) and f(cij) is a 
deterrence function for traveling from i to j. 
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Gravity-based accessibility is an objective measure where only the zonal-level of service is described. It 
has been extensively used with some success to evaluate access to employment and people (Handy, 
1993; Hansen, 1959; Lowry, 1964; Waddell, 1996). This is a generalized measure that provides an 
average expected accessibility for people residing in a particular zone. Similar to proximity-based 
measures, it does not differentiate between the residents of a location in terms of their specific access 
needs, such as the actual commutes to specific workplaces for individual workers. It is likely that the 
measure under-estimates the individual effect of accessibility, by substituting an average value to all 
possible destinations for the specific accessibility to particular destinations. 
 
A special case of the gravity-based measures is the isochrone approach, where the deterrence function, 
f(cij), is one within a defined range of travel (e.g., within x distance or time), and zero otherwise (Koenig, 
1978). Also known as the cumulative opportunities approach, these measures estimate accessibility only 
in terms of the quantity of opportunities available within certain defined limits. Some success has been 
shown in using these measures to capture both local (Waddell and Nourzad, 2002) and regional (Srour 
et al, 2002) accessibilities in residential choice models, but the predictive powers have been found to be 
small. This measure also provides a generalized access potential, and may under-estimate the effects of 
individual-specific accessibility that one would desire to have in a microsimulation modeling 
environment. 
 
Grounded in travel demand modeling and Random Utility Maximization (RUM) theory, the utility-based 
accessibility measurement approach explicitly considers behavioral characteristics of the decision maker, 
regardless of whether the decision-making unit is considered to be a household or an individual. RUM 
theory assumes that an agent making a choice will select the alternative with the highest utility relative 
to all other available choices. The accessibility, A, at location i for agent n can be defined as: 
 

nC

cnin VA expln  

 
where Vcn  is a vector of observable attributes for choice c in a specified choice set Cn available to agent 
n.  This formulation is known as the logsum and is equivalent to the denominator of the commonly used 
multinomial logit (MNL) model.  
 
In recent residential choice models, the use of logsum accessibility as composite indicators of regional 
accessibility has prevailed and the results generally show a modest influence of accessibility on 
residential location choice behavior (Srour et al, 2002; Waddell and Nourzad, 2002; Zondag and Pieters, 
2005). Despite the disaggregate nature of this approach, logsum values are commonly 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 are positive and, therefore, at odds with the interpretation of travel as a 
disutility. While this measure has the potential to be used as an individual-specific measure of 
accessibility, it has not been previously applied as such with success in the context of residential location 
choices and its applications.  As a result, these utility-based measures suffer from the same aggregation 
bias ascribed to the previous measures. 
 
In one approach to address some of these deficiencies, Ben-Akiva and Bowman (1998) designed a 
residential choice model integrated with a tour-based model system. Accessibility was estimated at the 
household member-level as the maximum utility among the daily activity schedules available to each 
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individual given a residential location. The empirical results from that model, however, did not provide a 
superior fit to the data in comparison to model specifications that employed more aggregate utility-
based measures of accessibility derived from logsum values. 
 
In light of the limitations of classic measures of accessibility reported in the literature, the project team 
has been exploring the notion of time-space prism based accessibility measures that would be derived at 
the individual level and reflect time-space prism constraints associated with mandatory activity 
engagement.  Contrasted with the preceding measures, a time-space prism (TSP) based approach 
significantly broadens the potential to evaluate individual accessibility within specific schedule 
constraints. Such an approach for measuring accessibility and its influence in a residential choice model 
has not been previously examined. Moreover, little prior research has explicitly explored the role of 
accessibility to non-work activities in the residential location choice process. The write-up that follows 
explains the fundamental concepts and then describes the operational procedures developed for this 
research project.  For more comprehensive examinations of this construct as accessibility measures, 
readers could explore seminal works by Miller (1991) and Kwan (1998). 
 
Conceived in the time-geography framework by Hägerstrand (1970), the time-space prism models the 
ability of individuals to access and participate in activities at different locations over time and provides a 
valuable tool to measure 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 Hägerstrand (1970) noted, time is a finite resource which must be used 
by individuals to travel and participate in spatially dispersed and temporally limited activities. 
 
The time-space prism delimits the locations in time and space that can be physically reached by an 
individual during a given time interval. Figure 9 shows a three-dimensional schematic example of a time-
space prism, with the x-y plane representing geographic space and the vertical axis representing time. 
The bold solid line traces the movement of an individual in time-space, where a vertical segment 
indicate no movement in space during that time interval (e.g., t0t1, t2t3). A diagonal segment (e.g., t1t2) 
represents travel through geographic space over time; the slope expresses the inverse of velocity. The 
time-space prism, shown in bold dashed lines as the volume contained by two oblique elliptical cones 
with a common base, does not trace observed movements through time-space. Rather, it defines the 
region of space possible for an individual to be in at specified times. The time-space prism is determined 
by the time available to an individual, the extent and level of service of the transportation network, and 
temporal-spatial constraints such as the need to be at particular locations at particular times. In the 
example depicted in the figure, an individual can leave the workplace, W(x2, y2), at t2 and must return 
home, H(x1, y1), by t4, yielding a time budget of t4-t3 for travel and activity participation. The projection 
of the three-dimensional TSP onto the two-dimensional geographic space, called the Potential Path Area 
(PPA) and shown in Figure 9 as 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 schematic, the 
time-space prism and the potential path area can be irregularly shaped depending on the availability 
and quality of the transportation system. 
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Figure 9. Schematic of Time-Space Prism (TSP) and Potential Path Area (PPA) 
 
 
Numerous accessibility measures derived from the time-space prism concept have 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 those by Ettema and Timmermans 
(2007), Miller and Bridwell (2009), and Neutens et al. (2007a; 2007b; 2008b). The operational procedure 
used in this project is based on the Feasible Opportunity Set (FOS) approach, which focuses on 
identifying potential opportunities constrained by the TSP. These procedures correspond closely to the 
operations of the prism-identification component of the activity-based travel demand model system. 
The operational procedures adopted in this project to develop time-space prism accessibility measures 
can be adapted to any spatial scale, including lower levels of geography down to the discrete building-
level.   
 
The operational procedure is as follows.  First, the daily activity schedule of an individual, observed or 
simulated, is assessed to identify mandatory activities. These are commitments at predefined locations 
during predefined times (e.g., working hours at a workplace; t2t3 at location W in Figure 9). These 
intervals are called blocked periods and their complement are open periods ς periods in which 
discretionary activities may take place (e.g., from t3 to t4 in Figure 9).  Second, given an open period and 
a travel mode, determine for each TAZ (or spatial unit of interest) whether it can be visited with 
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sufficient time remaining to participate in an activity. For example, the desired activity duration time 
Ƴŀȅ ōŜ ǎǳōǘǊŀŎǘŜŘ ŦǊƻƳ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ available time budget for grocery shopping after work; in Figure 
9, the revised time budget would be t4 ς t3 ς 30.  This determination is repeated for all zones to identify 
the set of feasible TAZs (or locations in space) for a shopping visit, providing a maximum spatial extent 
of opportunities akin to the PPA. 
 
Finally, the cumulative opportunities approach is applied to the set of feasible TAZs to quantify 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 the total 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 et al. 2008a).  By 
using the time-space prism framework, the impact of land-use and transportation system changes on 
activity-travel patterns would be evident in this accessibility measure. If the transportation network 
performance or the density of opportunities decreases, then the set of feasible TAZs or the measure 
itself, respectively, decrease. Similarly, if travel times improve or more opportunities become available, 
then increases in this time-space prism accessibility measure would occur.  
 
The TSP accessibility measure described above was operationalized by the project team for the Seattle, 
Washington metropolitan area using a 2006 household activity-travel survey. The influence of 
individual-specific accessibilities to work and non-work activities on residential choices was examined 
using the central Puget Sound region application of the household location model in the UrbanSim 
model system.   The project team estimated multinomial logit models of household residential location 
choice incorporating a range of 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 microsimulation models that offer the ability to 
simulate behavior at the finest spatio-temporal 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 single-family residential (SFR) homes, there are vast overlaps 
between the building and housing-unit representations. Further, building-level analysis represents 
housing options much more realistically than at higher geographies because it is possible to define the 
residential 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 imprecisely 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 too large for 
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 the choice set consisted of one chosen alternative and 
twenty-nine randomly sampled non-chosen ones. 
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Table 2. Residential Choice Model Explanatory Variables and Descriptions 

Variables Descriptions 

residential_units Log of number of residential units in building 
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 × size Dummy of high HH inc × log of average dwelling size (sq ft/unit) 
mid_inc × size Dummy of mid HH inc × log of average dwelling size (sq ft/unit) 
low_inc × size Dummy of low HH inc × log of average dwelling size (sq ft/unit) 
inc × condo Log of HH inc × dummy of condo residential building 
inc × MFR Log of HH inc × dummy of multi-family residential (MFR) building 
one_pers × not_SFR Dummy of one-person HH × dummy of not not SFR building 
renter × MFR Dummy of renter HH × dummy of MFR building 
kids × SFR Dummy of HH with children × dummy of single-family residential (SFR) building 
kids × kids_HH Dummy of HH with children × percent HH with children within 600m 
young × young_HH 5ǳƳƳȅ ƻŦ ȅƻǳƴƎ II όŀǾŜǊŀƎŜ ŀŘǳƭǘ ŀƎŜ Җ олύ × percent young HH within 600m 

Accessibility  
work_logsum Zonal average logsum, weighted by proportions of zone-to-zone trips, for AM home-

based-work (HBW) drive alone trips 
neigh_shops Log of number of shopping type 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, food, & other services) in time-space prism 

for the work-to-home leg of the HBW tour (maximum value between up to 2 workers) 

 
The variables considered for inclusion in the model include a host of land use, building type, and 
household demographic characteristics including several interaction variables.  The last four variables 
listed in Table 2 are accessibility measures designed to capture the quality of access to different 
opportunities, at the local- and regional-level and in between. The work_logsum variable is a utility-
based generalized measure of regional accessibility for employment. The neigh_shops variable uses a 
cumulative opportunities approach to estimate the availability of shopping-type activities in the 
immediate vicinity of a residential location. Both of these are objective, place-based accessibility 
measures while the next two are individual-specific. The work_travel_time variable computes the home-
to-work network travel time by the drive alone mode, for each worker with a fixed non-home 
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 work-to-home segment and shopping 
opportunities (i.e., retail, food, and personal services). 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 household-level residential choice model. Empirical tests 
revealed that choosing the maximum value among the workers in multi-worker households can best fit 
the data. 
 
Model estimation results are furnished in Table 3.  Model specifications were developed using an 
incremental approach with each accessibility measure being entered into the model specifications in a 
sequential way.  The table presents model estimation results for five models ς a base model with no 
accessibility measures and four models with increasing levels of accessibility measures incorporated into 
the specifications.   
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Table 3. Results of Residential Location Choice Model Estimation with Accessibility Measures 

  
Accessibility 

Models 

 
Model 1: 
Control 
Variables  

Model 2: 
Work 
Logsum 

Model 3: 
Neighborhood 
Shops 

Model 4: 
Work Travel 
Time 

Model 5: 
TSP Work-to-
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 17.6 0.692 17.4 0.629 16.1 0.638 16.2 
same_area_type 0.414 4.11 0.417 4.12 0.303 2.87 0.349 3.40 0.380 3.80 
same_area 2.65 26.3 2.66 26.4 2.80 27.0 2.34 23.3 2.53 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 × size 0.971 11.6 0.952 11.3 1.01 11.9 0.816 9.67 0.892 10.5 
mid_inc × size -0.330 -8.85 -0.333 -8.24 -0.304 -7.55 -0.313 -7.86 -0.311 -7.30 
low_inc × size -0.306 -5.37 -0.335 -6.46 -0.320 -5.50 -0.291 -4.67 -0.330 -5.49 
inc × condo 0.0539 3.11 0.0405 2.17 0.0479 2.52 0.0524 2.81 0.0591 3.25 
inc × MFR -0.117 -6.27 -0.126 -6.54 -0.127 -6.52 -0.136 -6.90 -0.134 -6.91 
one_pers × not_SFR 0.688 4.33 0.575 3.40 0.581 3.46 0.773 4.70 0.740 4.37 
renter × is_MFR 2.85 14.6 2.90 14.5 3.05 15.0 2.84 14.0 3.00 14.7 
kids × SFR 0.565 2.80 0.647 3.21 0.743 3.53 0.518 2.46 0.610 2.93 
kids × kids_HH 0.0139 2.85 0.0120 2.45 0.0186 3.73 0.0262 5.13 0.0212 4.20 
young × 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 ς ς 0.635 3.06 0.573 2.88 0.711 3.61 0.808 3.84 
neigh_shops ς ς ς ς 0.0715 3.88 0.0566 3.05 0.0507 2.70 
work_travel_time ς ς ς ς ς ς -0.0248 -21.1 -0.0227 -17.6 
TSP_shops ς ς ς ς ς ς ς ς 0.0473 3.37 

Observations (N) 1677 1677 1677 1677 1677 
Log-Likelihood (L) -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 ́  (ˊϥ) 0.30381 0.30730 0.31341 0.34841 0.35797 

˔
2
 likelihood 
ratio test 
 

Reference 
model only 
 

Reject (1) 
at >0.999 
significance 

Reject (2) 
at >0.999 
significance 

Reject (3) 
at >0.999 
significance 

Reject (4) 
at >0.999 
significance 

 

In general, it is found that the models offer intuitively reasonable interpretations 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 highest level of statistical significance as indicated by the large t-statistic.  It is interesting to 
note that, even in the presence of three other accessibility measures (previously developed and used in 
the literature), the time-space prism based accessibility 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 accessibility measures 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 time-space prism 
information (from the activity-based 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, business location 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, activity-travel demand, and dynamic traffic patterns in a coherent and robust framework.  
 
 

SimTRAVEL 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 system as 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 software architecture 
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 processes, methods, and results along the 
development axis.  The project peer review panel will be engaged on a more periodic basis to obtain 
expert feedback on model specifications and performance.  Where appropriate, broader community 
feedback will be sought and obtained through the dissemination of interim documents and products at 
the project website at: http://urbanmodel.asu.edu.  This approach will also ensure that the model 
systems are developed and tested in a way that ensures compatibility across models, thus minimizing 
the scope for errors, data incompatibility, and computational inefficiency.   
 
The project team is currently considering two locations or sites to serve as test beds for SimTRAVEL.  
They are the model areas 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 Association of Governments 
(MAG) is currently on the forefront of the development and implementation of new model systems for 
transportation planning.  The socio-economic modeling group at MAG (land use forecasting group) is 
currently implementing various UrbanSim tools 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 group at MAG 
has embarked on the phased development of an activity-based model system for the region.  The 
Principal Investigator of this project is on the project team tasked to develop the activity-based model 
system.  The travel modeling group at MAG is also interested in learning about and implementing the 
PopGen population synthesizer for travel model development and application.  MAG 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 NHTS add-on survey data set that is comprehensive 
and geo-coded with spatial coordinates for all residence, 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 in that effort. 

http://urbanmodel.asu.edu/
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Valley Metro has been conducting extensive on-board transit surveys (bus and light rail) and has a 
wealth of data that will prove valuable to modeling transit in the integrated model system.  The Principal 
Investigator is currently working with MAG and Valley Metro to test TRANSIMS for the analysis of 
multimodal transit corridors in the Greater Phoenix Metropolitan Area.  Thus, all of the 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) is an agency with which the principal investigators 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 activity-travel dynamics over time.   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 one of the principal investigators on this 
project.  In addition to the panel survey data set, the PSRC has a recent household activity-based travel 
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 choices study data set would offer valuable information against 
which the άǇǊƛŎƛƴƎ policyέ sensitivity 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 stage.  The Puget 
Sound is a multimodal region with bus, light rail, and significant levels of bicycle and walk use (especially, 
in comparison to the Maricopa region).    
 
Thus, the Maricopa region and the Puget Sound region appear to be ideal test beds for developing, 
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 are nevertheless large 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 context of a model 
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 might be 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 very short time 
intervals.  In order to facilitate this, the model development team will adopt two possible strategies.  
One strategy is to carve out smaller sub-regions or sub-areas from these model systems.  For example, 
within the Maricopa county region, it may be 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 faster turn-around times during 
model testing.  Similarly, the Puget Sound region encompasses a four-county area.  One single county 
(e.g., King or Kitsap) can be extracted for model development and testing purposes.  Another strategy 
that may be deployed is that in 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 strategy has been 
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used effectively in the activity-based 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 team and can bring experiences from that effort to bear on this 
model development process.   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 project team realizes that it is prudent to have a couple of back-up areas 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 the entire San Francisco Bay Area) which has successfully 
implemented a loosely coupled and integrated tour-based model system with UrbanSim.  This 
integrated model system is currently being used in San Francisco County for various planning 
applications.  Given that 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 back-up area.  The second area is the Tucson area in Arizona with the 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 would be 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 development and testing purposes, an 
early application site of UrbanSim may be used.  The Eugene-Springfield area of Oregon was one of the 
first locations where UrbanSim was implemented.  Clean and ready-to-go data sets are available for the 
Eugene-Springfield area and the 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 effective back-up geographic test site 
should it become necessary to run the model on a smaller network and region for faster turn-around 
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.  Back-up test sites including San Francisco 
County, Pima County in Arizona (Tucson area), and Eugene-Springfield in Oregon may be utilized if 
necessary to test certain components of the model systems.     
 
 
POPULATION SYNTHESIZER AND ACTIVITY MODEL SYSTEM: PLANNED MILESTONES AND MODEL 
ACCEPTANCE/VALIDATION CRITERIA 
 
The development of the population synthesizer and activity-based 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 has completed the development of the 
population synthesizer known as PopGen, with a hands-on training workshop on the use of PopGen 
scheduled for November 3, 2009.  Version 1.0 of PopGen was released in mid-July of 2009 and there has 
been considerable interest from 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 around the world, 
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 result of this process is the release of Version 1.1, officially 
scheduled for November 15, 2009 ς although 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 public for free 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 restriction in the 
PopGen section 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:  
 

 Automatic importing and processing of Census ACS sample and marginals data in addition to the 
Census 2000 data  

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

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

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

 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 distributions are not perfectly consistent with one another.  

 Additional visualization features including thematic maps of synthetic population attributes 

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

 
PopGen is a user-friendly open-source 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 controlling 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 undertaking.  The distributions of variables of interest 
of the synthetic population are essentially compared to those obtained from the census.  This 
comparison can be done for both household and person level variables including those that have not 
necessarily been controlled 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 and acceptance 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 Variables Marginal distributions (frequencies) ± 10% 

Uncontrolled Person Variables Marginal distributions (frequencies) ± 20% 

Individual Geography Person Table 
Cell Frequencies 

Cell frequencies or values 
(representing multi-dimensional joint 
distributions) 

Use 2 statistic to 
compare tables; less 
than 20% of 
geographies should 
have a p-value less 
than 0.05 

Spatial distribution of Household-
Level Attributes 

Thematic maps showing color-coded 
intensity of household attributes 

No anomaly detected 
through visual 
inspection 

Spatial distribution of Person-
Level Attributes 

Thematic maps showing color-coded 
intensity of person attributes 

No anomaly detected 
through visual 
inspection 

 

In the case of the population synthesizer, it should be recognized that the model constitutes 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 synthesis is performed.  In the presence of gross 
inconsistencies in the input data, it is simply impossible for the mathematical algorithm to output a 
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 correct.  With 

respect to comparing individual geography person table cell frequencies, a 2 test is employed to 
compare the multi-way contingency tables in the synthetic population against the actual census-implied 

multi-way contingency tables. However, the 2 statistic is valid generally when no cell frequency is less 
than five.  As such, the acceptance 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 than five, 2 
statistics tend to get inflated and do not represent an accurate measure of goodness-of-fit of the 
synthetic population to census counts.   The 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 model development and testing process within this project and the validation 
and acceptance criteria will be revised and refined as needed.   
 
The activity-based travel model system in SimTRAVEL is a comprehensive microsimulator of human 
activity-travel patterns.  The activity-model system in SimTRAVEL is largely based on previous work that 
resulted in the development of AMOS (Activity-Mobility Simulator) and its Florida implementation  
called FAMOS, PCATS (Prism-Constrained Activity Travel Simulator), and STPG (Synthetic Travel Pattern 
Generator).  The most recent version of this activity-based model system is PCATS.  The project team is 
currently re-engineering the entire program, recoding the program using open source coding languages, 
enhancing the user interfaces 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 activity-travel model system.  The activity-
travel model system is also being enhanced with a series of rule-based heuristics that ensure 
consistency and robustness in the generation of activity-travel patterns for individuals.  Here, in a 
nutshell, are the many components of AMOS in SimTRAVEL:  
 

 Person Time-Space Prism Generator:  As 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 the latest 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 reflect the fact that these constraints are not always hard constraints that can 
never be violated.  The time-space prism vertices are estimated using stochastic frontier models 
that are capable of estimating unobserved vertex conditions based on observed attributes that 
are influenced by the unobserved prism boundaries.   

 

 Child Dependency Allocation Model:  Children have mandatory activities that may include school 
or other after-school 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 household.  However, 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 
ǘƘŜ ŎƘƛƭŘΩǎ ƳŀƴŘŀǘƻǊȅ ŀŎǘƛǾƛǘȅ-travel to an adult in the household.  This happens up-front as part 
ƻŦ ǘƘŜ άǎƪŜƭŜǘŀƭ ŀŎǘƛǾƛǘȅ ŀƎŜƴŘŀέ ŦƻǊƳŀǘƛƻƴ ǇǊƻŎŜǎǎΦ  ¢ƘǳǎΣ ǘƘŜ ŀŘǳƭǘ ǘƛƳŜ-space prisms will be 
modified to reflect the presence of mandatory child activities that must be served.  The child 
dependency allocation model is a simple multinomial 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 activity-ǘǊŀǾŜƭ άƛƴŘŜǇŜƴŘŜƴǘƭȅέ ǿƛǘƘƻǳǘ ŀccompaniment of an adult of 
the household.  

 

 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 where there 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 driver.  In general, 
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 and employing simple multinomial 
logit specifications, will associate a primary driver to each vehicle in the household.  It is to be 
noted that vehicle ownership and type choice are considered longer term choices and are 
included in the land use microsimulation model system as opposed to the activity-travel 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 extreme value (MDCEV) model will be used to determine vehicle ownership by type 
and vintage.   
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 Joint Activity Type ς Duration Model: Within each open period depicted by a time-space prism, 
an individual may engage in discretionary activities.  After the start of an 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 process, it is possible to capture 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 to 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 the choice set 
may include the choice to undertake an in-home activity. The project team has developed a new 
probit-based discrete-continuous modeling approach to estimate parameters in simultaneous 
discrete-continuous model systems without having to make arbitrary distributional 
transformations or employ limited information sequential estimation approaches.   

 

 Joint Destination ς Mode Choice Model:  After the activity type and duration are estimated, the 
destination and mode choice are determined for the activity.  The mode-destination 
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 time-space prism.  Only those modes that are actually available to the individual are 
include in the choice set so that modal constraints and schedules are explicitly recognized and 
addressed.  The joint destination-mode choice model takes the form of a classic nested logit 
model with modal alternatives 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.   
 

 Activity Accompaniment Model:  The new AMOS will incorporate an explicit model component 
to reflect joint activity engagement.  If the mode choice model suggests that a multi-occupant 
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 mandatory serve-child 
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 multi-occupant 
mode may be used, this model uses a simple multinomial logit to identify whether the other 
occupants are solely household members, non-household 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 members who are capable of accompanying the individual on the activity-
ǘǊƛǇΦ  LŦ ƴƻ ƘƻǳǎŜƘƻƭŘ ƳŜƳōŜǊ ƛǎ άŀǾŀƛƭŀōƭŜέ ǘƻ ŀŎŎƻƳǇŀƴȅ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭΣ ǘƘŜƴ ǘƘƛǎ ƻǇǘƛƻƴ ƛǎ 
rejected and only non-household members are allowed to accompany the person on the trip. 
Several 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.  

 

 Vehicle Choice Model:  Although an individual may be primarily associated with a certain vehicle 
in the household, it is always possible for individuals to switch vehicles among one another ς 
particularly when multiple household members are going jointly for an activity or trip.  The 
vehicle choice model is invoked every time multiple vehicles 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 the driver 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 activity-trip is 
going to commence from the home location and multiple vehicles are parked at the home 
location at the instant that the choice is made.   
 

 Activity Duration Adjustment Module:  The activity duration is initially estimated as part of the 
joint activity type ς duration model.  However, the actual activity duration is not known until the 
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 allowed).  A heuristic 
activity duration adjustment module is being developed and 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 time-space prism, and the initial estimate of 
duration to estimate a revised activity duration. A hazard-based duration model coupled with 
heuristic decision rules is employed to make the activity duration adjustments.   
 

 Routines for Consistency and Feasibility Checks:  One of the powerful features of AMOS is that it 
combines 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 activity-travel simulation process.  
Mandatory serve-child 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 needs to be 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 activity (then invoke the joint activity type ς 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 multi-occupant trip 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 
ǘƘŜ ƻǘƘŜǊ ŀŎŎƻƳǇŀƴȅƛƴƎ ǇŜǊǎƻƴΩǎ ǘƛƳŜ-space prism constraints.  AMOS currently incorporates 
numerous heuristic rules and conditions that ensure the simulation of feasible and internally 
consistent activity-travel patterns.  In this project, these routines will be further enhanced and 
strengthened to provide for robust simulation of activity-travel patterns. Within this project, 
two types of consistency will be ensured: 

o Within-household consistency 
o Within-person consistency 

 

 Time Use Based Utility Measure: The notion of quality of life is gaining increasing attention in 
ǘƘŜ ǘǊŀǾŜƭ ōŜƘŀǾƛƻǊ ŀǊŜƴŀΦ  ¢ƘŜǊŜ ƛǎ ǿƻǊƪ ǘƘŀǘ ƛǎ ōŜƎƛƴƴƛƴƎ ǘƻ ƭƻƻƪ ŀǘ ǇŜƻǇƭŜΩǎ ǎǳōƧŜŎǘƛǾŜ ǿŜƭƭ-
being in the context of their travel patterns and activity engagement routines.  The project team 
has developed a simple utility formulation that offers a measure of the welfare or satisfaction 
that an individual derives from his or her activity-travel pattern.  The measure incorporates time 
spent traveling, time spent at activities, and time spent inside the home.  Based on the time 
allocation patterns associated with activity-travel 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 conditions.  This time-use 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 segments.  It is envisioned 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 estimated using the MAG 
NHTS add-on 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 re-estimated for the Puget Sound region.  It would be more prudent to complete the 
ŘŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ǘŜǎǘƛƴƎ ǇǊƻŎŜǎǎ ǳǎƛƴƎ ƻƴŜ ǊŜƎƛƻƴΩǎ ǘǊŀǾŜƭ ǎǳǊǾŜȅ Řŀǘŀ ǎŜǘ ŀƴŘ ǘƘŜƴ ǇǊƻŎŜŜŘ ǘƻ ǊŜ-
estimate and test the model in a second region.  It should be noted, however, that models estimated 
using the 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 associated with each 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 may be 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 
modeling 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 area.  The 
core programs and engines will remain flexible and generic to any area.   
 
The second task is related to the actual programming of the modeling module.  As mentioned earlier, 
the project team is completely re-engineering AMOS with new modules, new routines, and new 
programming languages.  In keeping with the spirit of the 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 PopGen). As and when model 
estimation results become available, a memo will be circulated documenting the modeling methodology 
and model estimation results.  To a large extent, these two tasks can be 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 the re-engineering of AMOS.  
Close coordination 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 straightforward.   
 
The project team has already laid the ground work for the development of the activity-based travel 
model.  The project team has already obtained all modal network files, validated origin-destination 
matrices by purpose, mode and time of day, and traffic 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 activity-travel model components is already in place. At this point, 
the research team is merely waiting for the latest NHTS add-on travel survey data set.   
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Table 5. Milestones in the Development of Open-AMOS 

Model Component Milestones Deliverables 

Time-Space Prism Generator February 1, 2010  

Child Dependency Allocation Model March 1, 2010 Memo + Code 

Vehicle Allocation Model April 1, 2010  

Joint Activity Type ς Duration Model May 1, 2010 Memo + Code 

Joint Destination ς 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 + Code 

 
Every pair of milestones will 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 place.  In addition, all 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 activity-travel demand models operating within OPUS.  
Year 3 efforts will 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 after the annual Transportation 
Research Board Meeting because that is the time that the project team expects to received the 2008 
NHTS data set including the Maricopa add-on data set.   
 
Model validation and acceptance is critically important to the success of this project.  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 currently drafted for the activity-based travel demand model.  The project team  will 
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.  Each model module will be applied to the 
20 percent set aside to determine if the model is capable of replicating activity-travel patterns in a 
realistic and accurate manner.  In performing disaggregate validation checks of this nature, it should be 
kept in mind that the activity-based model system is simply a stochastic representation of the behavior 
of individuals.  As such, it is extremely difficult to replicate the activity-travel pattern of an individual 
because individuals with same household and person characteristics can have vastly different activity-
travel patterns.  It is therefore important to consider the more aggregate measures of activity-travel 
demand on the validation data set and ensure that the model is able to replicate those aggregate 
measures of demand 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.  Model Validation and Acceptance Criteria for the Activity-Travel Demand Model Components 

Model Component Validation Criteria/Method Acceptance Standard 

Time-Space Prism Generator*  Actual Distributions of Time-Space Prism Vertices 
versus Model Predicted Distributions of Time-Space 
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 
including school and after-school activities (by age 
group) 

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

Vehicle Allocation Model Compare predicted allocation of vehicles against actual 
driving trends (a primary driver of a vehicle is defined 
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 ς Duration 
Model and Activity Duration 
Adjustment Model*  

Distribution of activity purposes; distribution 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 Destination ς Mode 
Choice Model*  

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

No statistically 
significant difference 
between observed and 
predicted distributions 

Activity Accompaniment 
Model 

Distribution of activity accompaniment type 
(household members only, non-household members 
only, combination of household and non-household 
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 activity-travel patterns 
simulated by the activity-travel model; identify 
inconsistencies in the patterns (will also help refine 
heuristic rules and consistency checks) 

90 percent of simulated 
activity travel patterns 
show within-household 
and within-person 
consistency 

Trip Chaining*  Distribution of different trip chaining patterns in the 
holdout sample (e.g., H-W-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 components for the same 20 percent holdout sample. All modules marked with an asterisk are those for 
which the modeling methodology has 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 activity-travel characteristics 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 practice 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 checks are performed 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 regional validation must be performed.  This regional validation will be largely 
performed for the activity-based 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 summary of the 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 being 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 Activity-Based Travel Model System 

Model Aspect Validation Criteria/Method Acceptance Standard 

Destination Choice Trip length distributions by trip 
purpose and time of day 

No statistically 
significant difference 

Mode Choice Modal splits by trip purpose and time 
of day 

No statistically 
significant difference 

Activity/Trip Frequency Total number of trips by type by time 
of day 

± 10% of actual 
values 

Amount of travel Vehicle miles of travel and vehicle 
hours of travel by activity category 
and time of day 

± 10% of actual 
values 

Spatial distribution of travel Origin-destination matrix flows from 
validated four-step travel model by 
activity category and time of day 

Within ± 20% for 85% 
of O-D flows 

Temporal distribution of travel Time of day distribution of travel by 
activity category 

No statistically 
significant difference 

 
At this time, the acceptance standards have been set rather arbitrarily without any firm basis.  These 
standards will need to be further refined as model development and testing efforts are undertaken over 
the course of the upcoming year.  
 
In addition to the extensive validation checks, the project team will subject the activity-based model 
system to a series of sensitivity tests to examine whether the model system is capable of providing 
behaviorally intuitive indications in direction and magnitude. Table 8 presents a summary of the types of 
sensitivity analyses to which the activity-based 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 of socio-
economic and modal conditions including pricing scenarios and system shocks.   
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Table 8.  Sensitivity Analyses Planned to Test Reasonableness of Activity-Based Model System 

Scenario Type Conditions  Expectations 

Socio-
economic 
scenarios  

Regional increase/decrease in population (10%, 25%) 

Regional increase/decrease in employment (10%, 25%) 

Localized increase/decrease in population (10%, 25%) 

Localized increase/decrease in employment (10%, 25%) 

Changes in population/employment density (10%, 25%) 

New residential or business developments 

Changes in distributions of population attributes 

 Car ownership, income, household size, number of 
workers, number of children, dwelling unit type, 
occupational distribution, age, gender 

Model shows increases 
or decreases in travel 
demand measures 
consistent with known 
trends or elasticities 

Highway 
scenarios 

Change in highway travel time ς regional and link-specific 

Change in link-specific capacity or speed 

 Consider both increase and decrease in capacity 

Change in fuel price 

Change in parking capacity/availability 

Model shows increases 
or decreases in travel 
consistent with 
expected trends; 
empirical data available 
in the MAG region for 
recently opened or 
expanded stretches of 
roadways 

Transit 
scenarios  

Change in transit fares 

Change in transit service frequency ς regionwide and 
route-specific changes 

Change in transit routes ς new routes, elimination of 
routes, new stops, elimination of stops 

Introduction of new transit mode ς BRT or Light Rail 

Introduction of new circulator bus system 

Impact of new transit-oriented development (enhanced 
pedestrian and bicycle access, enhanced mix of land uses) 

Model shows increases 
or decreases in transit 
usage consistent with 
known trends and 
elasticities (TCRP Report 
95 Series) 

Travel 
demand 
management 
scenarios 

Introduction of HOV lane 

Introduction of HOT lane 

Introduction of pricing strategy (mileage-based fee, 
parking pricing) 

Alternative work schedules 

Telecommuting  

Traveler information systems 

Modest reductions in 
peak period travel 
demand, consistent with 
numbers found in the 
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 activity-based model system to a full battery of sensitivity tests to 
examine the responsiveness 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 and acceptability of the model.  Any 
limitations or issues associated with model responsiveness will be fully documented.    
  




