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Abstract

This research investigated whether or not current traffic assignment and model feedback
practices are sufficiently accurate for calculating congested highway travel times and for
qguantifying the highway benefits of major transit projects. Examination of U.S. MPO modeling
practices indicated widespread deficiencies in implementation. Empirical investigation of
assignment and feedback convergence errors present in some of the better MPO models
indicated that with available methodological improvements and more extensive computation,
existing methods could produce plausible estimates of highway and transit project impacts.
Comparisons between modeled and measured congested travel times from commercial sources
indicated that models tended to underestimate travel speeds, and that use of speed data would
be beneficial in model calibration and validation.






Chapter 1
Introduction and Executive Summary

This report documents the findings of a research study funded by the Federal Transit
Administration (FTA) and the Office of the Secretary (OST) of the U.S. Department of
Transportation that had the objective of assessing whether or not current travel demand
modeling practices were sufficient for calculating congested highway travel times and for
identifying the highway benefits of major transit projects. This objective is closely associated
with the effectiveness of the highway traffic assignment and model feedback methodology
employed in regional travel demand models. In prior work sponsored by FTA and others,
insufficient convergence of traffic assignment models was shown to produce unreliable
estimates of network traffic in response to improvement projects of various types. In contrast,
setting higher convergence criteria appeared to ameliorate the spurious impacts observed at
lower levels of convergence. This insight raised questions about how much convergence is
enough, whether traffic assignment convergence is enough, and whether other considerations
such as the correctness of congested travel times and the use of model feedback were
modeling issues of consequence. These questions led to a DOT-sponsored effort to assess the
state of the practice, investigate good practice models, identify needed improvements in
modeling methodology, and make recommendations for model-based project benefits
estimation.

FTA has grappled with the use of regional travel demand models for predicting patronage for
New Starts and the widespread situation in which the forecasts that are presented to FTA
typically overstate the realized patronage. In that context and at the core of this research are the
guestions of whether or not currently deployed and apparently well-constructed regional travel
demand models produce plausible forecasts of project impacts and the extent to

which variations in traffic assignment methods and feedback practices affect those forecasts. An
important but secondary question is whether or not the regional models produce reasonable
measures of origin-to-destination congested travel times since congested travel times are
central to all model components and transportation analysis in general as well as project
benefit-cost analyses. The study is intended to investigate modeling practices particularly with
respect to traffic assignment models and feedback methodology and to make recommendations
for improvement if warranted and supported by the research.

There has been a presumption that travel demand models can straightforwardly predict the
consequences of changes to the highway system as these have impacts that are less complex
than those of major transit projects. Not only is there a lack of evidence for this, but deployed
traffic assignment models typically yield link level forecasts that can be difficult or embarrassing
to explain. Some of these problems have been attributed to insufficient model convergence,
particularly of the traffic assignment.
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Practitioners who develop and apply travel demand models typically take the position that the
models are good enough for planning and indicative of the nature of impacts that would come to
pass in the future given the model assumptions. Models are typically run on a base case and on
alternative future long-term scenarios. The models are seldom used to produce forecasts for
specific projects and are even more infrequently if ever validated against real world

impacts leaving open questions of validity, reliability, and accuracy. In this research, we attempt
to examine these questions through a detailed examination of regional models and the project
impacts they suggest. A strength of this study is that it does not rely on a single Metropolitan
Planning Organization (MPO) model or on a single methodological approach. While MPO
models can be quite different from one another, comparisons of practices and their
consequences can reveal systematic suggestions for modeling improvements.

Study Approach

The study was performed in two primary phases. In the first phase, we conducted an inventory
of the modeling practices employed at the 30 largest MPOs in the U.S. The inventory collected
basic information about traffic assignment methods, convergence criteria, and feedback
practices that are utilized. Based upon the review, FTA selected 5 MPO models for in-depth
examination and secured the agreement of those MPOs to participate in the project.

The approach for the second phase of the project was to study the behavior of the selected
MPO models to assess their ability to identify the road traffic impacts of highway and transit
improvement projects. If it was determined that the models could not do this acceptably in their
current form, experimentation with improved methods was to be performed. Based upon prior
research, it was expected that additional traffic assignment convergence would be explored and
that the effects of additional and more stringent feedback computations would also be
assessed.

Extensive experiments were conducted with the 5 MPO models. These included tests of
convergence and varied assignment algorithms and feedback computations. At least one
highway project and one transit project from each region was evaluated using methods similar
to those in the regional models and with various improvements in computational approach.

While it was not part of the original study design, we were also able to accommodate FTA's
interest in comparing model-based estimates of congested travel speeds with measurements of
travel speeds from commercial sources. Data from HERE, INRIX, and Google were utilized for
that purpose.

This was intended to be a largely empirical study with an emphasis on understanding how
certain modeling choices might affect the answers obtained to the types of questions typically
posed to models. We did not perform research on advanced practices or new methods. This
was not because we don't believe in them, but simply because they were off topic for this
project.
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Inventory of MPO Modeling Practices

The project commenced with a review and inventory of the network modeling and feedback
practices in use by the 30 largest MPOs. This review, which is summarized in Chapters 2 and 3,
was intended to assess current practices and to identify a small number of MPOs with whom the
research on best-practice methods and potential improvements would be conducted. Of course,
numerous other problems with travel demand models, such as inaccuracies in trip tables, could
make benefits estimation problematic. However, our focus in this project has been primarily on
traffic assignment and feedback convergence, both of which determine the congested travel
times that are key determinants of the spatial pattern of trips and mode choice. If the congested
travel times cannot be reliably computed, then the other model components will be error-prone
as well.

MPO traffic assignment practices

Against the backdrop of the movement to introduce advanced activity models and dynamic
traffic assignment models, we found that in late 2011 all of the MPOs used static assignment
models. While it was expected that multiple time periods would be used, there were still a few
large MPOs that did 24-hour assignments, which is not a good practice. Even the MPOs who
had activity-based models that predicted trips by half hour interval aggregated trips prior to
performing multi-hour AM, PM and other period static traffic assignments.

Our review indicated that deficient methods were in widespread use. We found that many MPO
modelers and their models rely on ad hoc procedures historically practiced or simply choose
some set of options in their planning software without regard to the potential consequences.
Many MPOs used inappropriate assignment algorithms and/or incorrect closure metrics that are
now understood to be deficient. Only a few MPOs used efficient algorithms and computed traffic
assignments that were converged to tolerances that are thought to be effective in reducing
spurious effects.

Research has provided a much deeper understanding of the mathematics of the traffic
assignment problem and many of its variants than was previously available, and there are new
findings about the convergence of different solution algorithms and the practical consequences
of improved convergence. Improved algorithms have been available for some time in various
software packages, but have not yet been widely put to use. Advances in computer hardware
also have revolutionized the amount of computing that can be accomplished within acceptable
running times. As a result, there are straightforward ways to improve modeling practices without
incurring additional costs or computing time.

MPO feedback practices

Based upon the inventory of large MPO models, we could not find a single MPO that performed
feedback for each and every time period and also used tight closure criteria for model feedback.
A wide array of feedback mechanisms are in use by large MPOs with many relying on stopping
feedback when link flows are changing less than some percentage. This practice is deceptive as
continued change in the same direction would eventually lead to quite different results. Some
MPOs used the naive method of directly feeding back speeds from the assignment to trip
distribution, a practice that is known to be problematic. Some used a small, fixed number of
model loops. Others had no criteria whatsoever for feedback closure.

1-3



Detailed Examination of Selected MPO models

Some MPOs clearly had better modeling practices than others and these were candidates for
further research. Based upon the inventory and other factors such as diversity in geography and
in the planning software used, FTA selected the Atlanta Regional Commission (ARC), the North
Central Texas Council of Governments (NCTCOG), the Maricopa Association of Governments
(MAG), the San Diego Assaciation of Governments (SANDAG), and the Puget Sound Regional
Council (PSRC) MPOs for the more in-depth research. These MPOs all agreed to participate in
the project and to provide their models for more detailed, empirical investigation.

While these MPO staffs were quite cooperative with the research team, virtually all of the
models were in flux during our project. This made it challenging to perform the analysis, and
there were frequent delays in obtaining the updated models. Moreover, 4 of the 5 MPOs were
transitioning to activity-based models that had not yet been deployed and were in varying states
of calibration and validation. Because of the limited time for the project, we worked with some of
the older deployed models and some of the newer versions before they were fully finalized. As a
result, it is likely that many of our results are no longer pertinent with respect to the most recent
version of each model. Nevertheless, we feel that our findings will still be of considerable
interest to both the participating MPOs and to modelers elsewhere.

We worked with each MPO to document details of their modeling procedures both to provide
context for our analysis and to ensure that we were able to replicate their modeling practices
closely. For each MPO model, we obtained model scripts and data, inputs and outputs of
various model stages, and their available traffic counts.

The models were scrutinized from a conceptual and also an empirical point of view. All of the
traffic assignment formulations were re-run in TransCAD to verify that we had successfully
understood the models and were able to closely replicate their outputs. We then selectively
modified certain aspects of the traffic assignments in order to understand how much difference
these modifications would yield in terms of the answers provided to project evaluation. The
scrutiny that was applied to each model illustrates that in-depth review of traffic assignment
procedures can yield positive benefits. In the next section of this summary, we present some
general findings with respect to major aspects of the traffic assignment modeling procedures
that the 5 MPOs used.

An Overview of the 5 MPO Models

The 5 MPO models were a mix of advanced four-step models and activity models. All but one of
the MPOs were in the process of developing an activity-based model, but only one MPO, ARC,
had deployed an ABM for planning purposes by the conclusion of our study. We were unable to
perform extensive tests with the ARC model because it was not finished early enough for our
research. We also worked with the SANDAG ABM that was under development but was not
deployed. All of the models used static user equilibrium traffic assignments and ran at least 3
feedback loops. In this section, we provide further background information on the models.
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Network geography and attributes

In this day of mature GIS systems, we were a bit surprised that several of the MPOs were either
in the process of moving to more geographically accurate networks or had only recently done
so. We reviewed the networks in detail, comparing them with commercially available data
utilized for navigation. By the middle of this study, the MPO models that we worked with all had
relatively accurate road networks.

We did however find that coverage of turn prohibitions ranged from completely missing to fairly
complete and could certainly be improved for many of the models. The representation of turn
prohibitions in a network model is important because it directly affects the paths that are found
and utilized in the traffic assignment process.

We also found that centroid connector practices were quite variable and could often be
improved upon either by increasing the number of connectors and/or by changing the
connection points to lower functional class links in the networks.

Volume-delay functions

In a planning model, the volume-delay function (VDF) relates the travel speed on a link to the
volume of traffic that is assigned to that link. Each MPO had a somewhat different selection of
the VDF employed and several customized the functions to include signal delay in some
fashion.

Often only one free flow speed was used for each functional class by area type when in reality
there are significant differences in both speed limits and measured free flow speeds that could
have been captured with more detailed network coding.

VDF functions must be strictly increasing such that delay increases with increasing flow. All of
the MPO model VDFs were strictly increasing, but some of them were not smoothly increasing,
which can result in poor or slow assignment model convergence.

Assignment methods and convergence

When we began the study, two MPOs used the Frank-Wolfe (FW) assignment algorithm, and
two used the bi-conjugate FW method (BFW). One used a path-based assignment. The
convergence levels specified were fairly tight with relative gaps ranging from .001 to .0001. As a
precursor to the more detailed investigations, we established that we could run all of the MPO
traffic assignments and achieve a reasonably close match with their model runs.

Traffic Assignment Investigations and Findings

The user equilibrium paradigm is a simple model that allocates traffic from origins to
destinations based upon the principal that each trip is assigned to its lowest cost route in terms
of travel time and any associated tolls. All of the 5 MPO models performed a user equilibrium
traffic assignment with multiple user classes. Each model respected user class restrictions such
as those for HOV lane use.

Three of the 5 models used higher passenger car equivalents for large trucks while the other
two did not. Only two of the models preloaded buses on the road network.
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We established that we could run each MPO traffic assignment to high levels of convergence
although this required some minor modifications to the volume-delay functions in some cases.
For modest levels of convergence with relative gaps of .0001, we used the bi-conjugate FW
(BFW) algorithm, which we found to be always much faster in computing time to reach that gap
than the classic FW method. The BFW method is available in all major planning software
packages, so there is no impediment to its widespread use.

We also ran all of the traffic assignment models to several orders of magnitude tighter
convergence using a path-based algorithm. This enabled us to quantify the convergence error
present in each base year model at lesser levels of convergence.

Generally we found that the maximum link convergence error was around 1000 vehicles for an
AM peak period at a relative gap of .0001. At the .01 (1%) relative gap that was traditional
historically and is still used in some MPO models, the maximum link flow error for the AM peak
period was between 5,000 and 10,000 vehicles for each of the models that we examined.

Model-based estimates of vehicle hours of travel (VHT) and vehicle miles of travel (VMT) will
vary with the convergence level of the traffic assignment and certainly with the choice of
volume-delay functions. They are also impacted by inclusion of distance-based vehicle
operating costs in the total link impedance, a practice for which we find no good justification.
Chapter 5 presents a full discussion of the above issues and contains more detailed findings.

It is important to recognize that, by itself, tight convergence is not enough to result in a good
traffic assignment model. With appropriate algorithms and volume-delay functions, tight
convergence will always be achieved. What is important is that the assignment converges to a
solution that is in accord with observed traffic flows so as to provide a basis for forecasting
traffic when demand and/or supply change in the future.

Validation of models with traffic counts

One important component of this research was to compare traffic assignment outputs with traffic
counts and travel times that were independently measured. This required link counts by
direction (i.e., each side of the road) and time period to be meaningful. We asked each MPO to
provide us with this information. In general, all of the MPOs had access to a large number of
traffic counts but these were often aggregated for a whole day or for both directions on a link.
We were surprised to discover that the MPOs had rather little data in the form of directional
traffic counts by time period to use in model validation.

ARC had only 130 directional counts for the AM peak period, a number that is insufficient for
statistical reliability for even one functional class, let alone the entire system. Of these counts,
71 were on freeways and 44 on arterials.

MAG has made a particular effort to use count and speed data in model development and
evaluation. Initially, MAG provided us with roughly 1,600 traffic counts, of which only 56 were
directional freeway counts by time period and 218 were daily two-way freeway counts, although
they now have many more freeway counts. Also, for MAG, Caliper had previously compiled very
detailed traffic count information for an area of over 500 square miles of Central Phoenix as part
of building a large traffic microsimulation model. These included 253 highway counts.

NCTCOG had not previously used directional counts by time period to validate their model, but
provided us with more than 5,000 counts. Unfortunately, only 119 were on major highways.
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PSRC provided us with counts for 284 locations on freeways and expressways.

SANDAG provided roughly 400 counts, but only 30 for arterials. Additional highway counts were
obtained from the Californian PeMs system, which provides counts on the freeway system. We
collected and processed these counts for the SANDAG region.

We used the available data to compare the assigned traffic flows with the counts, and we
mapped the comparisons on each model network. Most of the models did a reasonable job of
matching freeway counts with %Root Mean Square Errors (RMSES) in the range of 20 to 25%.
There was less success in matching arterial counts with all of the models. Additionally,
difference plots revealed some geographic bias in some of the assignment model results.

Our overall conclusion was that none of the MPOs, with the exception of MAG, had sufficient
count data by time of day and direction for validating their models. In our opinion, obtaining fuller
count data and using it to evaluate traffic assignment models should be a priority in the future
for all MPO models.

Feedback Research and Findings

Models are typically run in loops, so that model forecasts are consistent in the sense that the
travel times used to forecast trip distribution and mode choice are consistent with those
produced by the traffic assignment model. The logic for seeking travel time consistency applies
in a straightforward fashion to each time period in the model, so that the forecasts by time
period are consistent with the congested travel times input and output from the final loop of the
model.

We experimented with 3 of the 5 MPO models by running numerous feedback loops using
alternative methods of updating the travel times at each loop. We asked the other two MPOs to
perform some full model runs for us, but they did not have the time to do so.

Different averaging strategies are the common and appropriate means of attempting to
converge upon a consistent solution to a multi-stage model. We did not identify a single best
dominant averaging approach, but several methods seemed fairly effective.

The empirical work established that a closer tolerance between input and output travel times
can be computed than is currently being sought. It also established that the final answers in
terms of link flows will be different with different stopping tolerances and that feedback methods
can give the illusion of convergence when small changes in the same direction for each loop
ultimately add up to larger differences in traffic flows after many loops. The analysis suggests
that specific and tight feedback closure criteria should be specified for regional models, and
tests should be performed to ascertain their sufficiency.

Project Impact Analysis

A major element of this research was to assess the ability of regional models and specifically
their traffic assignment methods to estimate the impacts of highway and transit improvement
projects. Using each MPO model and/or its traffic assignment procedure, we evaluated some
proposed future projects that were identified in a future 2025 or 2030 plan. We did at least one
road project and one transit project for each MPO.
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The analysis protocol was to consider impact assessment using traffic assignment only, mode
choice and traffic assignment, a single model loop consisting of trip distribution and mode
choice, and multiple loops with model feedback. This was done for several levels of traffic
assignment convergence and relied on the MPO base year models as the no-build reference for
comparison.

The most surprising and interesting finding was that very tight assignment model convergence
was needed to resolve project impacts. The suggestion from prior research that traffic
assignment convergence to a .0001 (1.E-4) relative gap was sufficient was repudiated by our
empirical experiments. Indeed, we found that for some projects convergence to .000001 (1.E-6)
relative gap was necessary to get a plausible estimate of project impacts that appeared free
from spurious artifacts.

Importantly, using tightly converged assignment models, we found that it is possible to estimate
the road congestion relief benefits of transit improvement projects as well as to estimate the
travel time benefits of highway projects. These tests, however, were purely methodological in
nature and were not validated against external data. Further confirmation of the validity of the
results would require before-and-after studies of actual projects and comparison of impacts with
model predictions.

Congested Travel Times from MPO Models

Throughout the study, FTA expressed deep interest in the accuracy of the zone-to-zone auto
travel times produced by models due to their centrality in modeling and analysis as key model
inputs and as the main determinant of competition for transit service. New sources of travel time
data make analysis of congested travel times feasible in ways that have never been accessible
to modelers and decision makers before.

Using HERE (formerly known as NAVTEQ) data licensed to Caliper and harvested from real-
time measurements, we compared modeled versus measured travel speeds at the Traffic
Message Channel (TMC) segment level for the selected MPO regional networks. It should be
mentioned these data are much broader in coverage than the National Performance
Management Research Data Set, which is HERE data licensed to FHWA and made available to
State DOTs and MPOs. The data were harvested for 5-minute intervals and then averaged to
estimate overall AM peak period speeds for each segment. The TMC segments were matched
against the model networks using an automated conflation or map-matching process. Three
mid-week day AM peak period averages were computed for comparison with the model travel
speeds at the TMC level. In the analysis, we stratified the data by functional class, area type,
and free flow speeds when comparing the modeled and measured speeds.

The comparisons revealed that, in general, the travel demand models did not produce
congested travel times that were in good agreement with independent measurements from
HERE. For 4 of the 5 MPOs, the overall model travel speeds were slower than the measured
travel speeds. The one MPO (MAG) that has made more extensive use of speed data actually
achieved a fairly close match between the model speeds and the reported measurements.

We also found that modeled VHT can be very different from measured VHT based upon TMC

segment samples. However, some MPOs matched the measured VHT fairly well without
matching the travel speeds by functional class closely.
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An additional comparison of travel speed data from a micro-simulation-based dynamic traffic
assignment (DTA) for Central Phoenix developed in a separate project by Caliper illustrated that
it is possible to match reported speeds (in this case from INRIX) with a suitably constructed and
calibrated micro-simulation-based DTA model.

We also used Google data on point-to-point travel times to investigate travel times for complete
trips. This analysis largely substantiated the results from the TMC analysis.

With the new availability of speed data, there is reason to believe that modelers will be able to
produce regional models that do a better job of matching observed count and speed data.

Summary Conclusions and Recommendations

This study provides cause for both concern and optimism with respect to travel forecasting
models. On the one hand, there are widespread difficulties with existing models that affect their
forecasting ability, and, on the other hand, it appears that available modeling techniques can be
used successfully to estimate the impacts of transportation improvement projects.

Greater attention to modeling basics, to model details, and to model validation emerge as clear
needs from the assessment of the state of the practice. Based upon this study, there is room for
improvement in even some of the best regional models that are currently in use, and in-depth
empirical investigation of models can readily identify problems to be addressed. Fortunately,
most improvements that were identified are easy to implement.

Overall, the approach of utilizing more stringent criteria for traffic assignment and feedback
convergence can be recommended as a good practice. Tighter traffic assignment convergence
will reduce convergence error and will lead to more plausible and reliable estimates of project
impacts.

The static user equilibrium model and its key assumption of equal travel times (or generalized
costs) for all utilized paths between each origin and destination is a great simplification of reality.
Nonetheless, it seems to pass the test of usefulness. It appears that convergent assignments
can be computed to a level that yields plausible estimates of project impacts and will be largely
free from spurious noise. In particular, it appears that available methods are able to discern the
highway benefits of transit projects if carefully implemented.

However, estimates of project impacts will vary quite a bit with the modeling choices that are
made about traffic assignment and feedback methods. Shortcuts that are taken in computing
assignments and feedbacks have consequences that can be significant, rendering the shortcuts
potentially quite counterproductive.

Careful scrutiny of traffic assignment procedures reveals problems that are correctable in terms
of geographic accuracy, coding of turn prohibitions, incorrect capacities, insufficient or improper
centroid connectors, and insufficient traffic counts by time period and direction for validation.
Some problems in assignment convergence are associated with poor choices for volume-delay
functions. These problems can easily be corrected.
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Feedback practices need to be improved and justified. When needed, feedback should be
performed for each time period in the model and should be computed to a uniform level when
performing plan and project evaluation. The computing burden can be reduced significantly by
beginning model runs with good estimates of congested link travel times.

Many if not all of the modeling choices modelers make have potential consequences for the
answers obtained in project evaluation. Considerable professional judgment is thus an essential
part of good practice. This is particularly the case in deciding which model components and
types of model feedback are appropriate for specific projects.

Validation should be accorded a greater priority in the model development process. It should be
disaggregate in nature, and traffic assignment models should be validated at the link level by
time period and direction. A sufficient number of directional counts by time period should be
obtained by functional class to be statistically valid. In addition to link volumes, measured speed
data should be used as part of the model development and validation process. Otherwise,
estimates of vehicle hours of travel are not likely to be very accurate. Before-and-after studies of
project impacts should be performed to assess the external validity of travel demand models
and their forecasts.

Recommendations for FTA guidance

Uncertainties associated with the quality of forecasts from deployed travel demand models have
logically led FTA to taking a conservative point of view with respect to patronage estimates for
New Starts. This study illustrates that conservatism is warranted in view of the general state of
regional models and various technical issues associated with model development, application,
and validation.

FTA’s premise that tighter traffic assignment convergence might clean up some forecasts is fully
supported by this study. Moreover, newer algorithms have been shown to be much more
effective than the classic one in achieving this goal, making it realistic to suggest some
minimum standards. Despite that, regional travel demand models are quite varied and do not
follow a single, standard approach, making it impractical and inadvisable to suggest uniform
guidance for all regions or all models. Rather than give a specific relative gap for traffic
assignment convergence, it would be better to encourage MPOs to demonstrate that the gap is
low enough for its intended purpose. Also, while it appears to be possible to estimate the
highway congestion relief benefits of major transit projects, these travel time savings might be
hard or impossible to observe in the field and absent validation of their projected magnitude,
they need not be part of a conservative assessment of potential transit investments.

Rather than issue technical guidelines, FTA can exert a positive influence on modeling practice
in several ways. The material in this report can be used to augment the questions and criteria
already in use with respect to scrutiny of trip tables and mode choice models when regional
models are used as the basis for New Starts submissions. In particular, using reasonable
congested auto speeds can be a point of emphasis as can be consistent treatment of
assignment and feedback convergence when comparing build and no-build scenarios. Use of
link flow difference mapping can be a simple and revealing method of inspection of project
impacts.
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Research recommendations

Our principal research recommendation is comparison of model forecasts with before-and-after
data from studies of road and transit improvement projects. Data sets collected in carefully
constructed before-and-after studies can be used to assess travel demand models and develop
improved methods. Without this type of research it will be hard to have much confidence in
model forecasts.

The availability of travel speed data invites the question of how best to use it in model
development, validation, and forecasting. This should be a fruitful area for further research.

We are confident that there will be continued research on faster means of computing travel
demand models and improved algorithms for achieving model convergence for both static and
dynamic traffic assignment models. Dynamic traffic simulation models have the potential to
mirror traffic behavior and transit use more closely through time and that should be very helpful
for transportation planning and management.

Concluding remarks

This study illustrates that most of the modeling choices that modelers make have a direct
influence on the forecasts produced. Hopefully, the type of analysis performed in this study will
serve as an example to modelers of the scrutiny that can be and should be directed at the many
aspects of a travel demand model in its development, calibration, and validation phases.
Improved methods and new data can have a very positive impact on forecasting, but impact
assessment should be done with validated rather than merely asserted models. In the absence
of before-and-after data on the impacts of specific projects, one cannot properly evaluate the
forecasting ability of regional travel demand models. Modeling needs to focus on providing
useful support for project and policy evaluation and should generate evidence of its own
usefulness.
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Chapter 2
Inventory of MPO Traffic Assignment
Modeling Practices

Introduction

This chapter presents the results of an inventory of the traffic assignment model procedures
used in the travel demand models deployed by larger U.S. Metropolitan Planning Organizations
(MPOs) and a few other transportation agencies. The information base for the inventory was
model documentation available in fall 2011 supplemented by inspection of some model scripts
and communication with agency modelers and consultants.

The purpose of the inventory and assessment was the identification of good practices that are in
use and the selection of a small number of MPOs to work with in conducting research on traffic
assignment and feedback methods relevant for benefits estimation. While some agencies have
been more focused on traffic assignment and feedback convergence than others and use better
practices, it was hard to find examples of uniformly good practice. It also became evident that
considerable further research would be required to address the main objectives of the project as
existing models did not appear to be fully capable of calculating the congestion relief benefits of
transit.

The inventory included the nation’s 30 largest MPOs and represented regions with a high
degree of traffic congestion delay as estimated by the Texas Transportation Institute. The focus
was on the properties of models that were currently in use for forecasting and not on models
that were under development or enhancement. Data were obtained for nearly all 30 MPOs. No
attempt was made to verify all of the information assembled, and it was clear that due to
evolving methods and practices, some MPOs have changed what they do since they created
their documentation or spoke with us about their practices. Nevertheless, our belief is that the
aggregate portrait assembled was more than adequate to characterize the state of the practice.

Overall, the inventory provided abundant evidence of widespread deficiencies in deployed traffic
assignment models and a lack of knowledge and care in the development, validation, and
application of traffic assignment models. The methods used for achieving feedback
convergence were generally ad hoc and also deficient. In a later section of this report, we
identify many of the problems and suggest simple remedies that anyone could implement.
There are also practices that require further investigation and research since they may or may
not be beneficial.

Static user equilibrium (UE) traffic assignment models have numerous conceptual limitations,
but their simplicity and reliability should make them useful for planning, and they will continue to
be so until dynamic models are well established. Contrary to popular opinion, UE traffic
assignments, when properly implemented and converged, appear to provide a consistent and
useful means of evaluating some types of transportation projects. Of course, if there are gross
inaccuracies in trip tables and/or other model components or if the projects involve temporal
dynamics or traffic signal optimization, the static traffic assignment models will probably not be
reliable. Dynamic models present virtually all of the same challenges and some additional ones

2-1



as well. The understanding of convergence issues should also help with the testing and
implementation of dynamic models.

The organization of this chapter is as follows. First, we provide some background on user
equilibrium traffic assignment models and convergence issues. Then we summarize the findings
on the current state of the practice focusing on the algorithmic methods, volume-delay functions,
and convergence metrics in use and the level of convergence achieved.

Background on Equilibrium Traffic Assignment Models and
Convergence

Some form of a user equilibrium traffic model is the generally accepted method for static traffic
assignment models. In the larger MPOs, these models generally have multiple user classes to
account for HOV facilities, trucks, and truck restrictions. Most MPOs use an equilibrium model
that is computed with the Frank-Wolfe algorithm (FW) which was implemented in the Urban
Transportation Planning System (UTPS) software and legacy planning packages many years
ago.

The user equilibrium condition is defined by Wardrop’s condition [1] that all used paths for trips
between each origin-destination pair have the same minimum travel time (or generalized cost).
In other words, no traveler can unilaterally switch to a shorter path and improve his or her travel
time (or generalized cost). In congested networks, user equilibrium is characterized by the use
of multiple paths for many O-D pairs. The Wardrop condition, while certainly not totally realistic,
is appealing as it resembles a simple route choice process that one can envision for individual
travelers and a plausible means of describing overall systems behavior.

An essential aspect of this problem is that the choices of travelers are dependent upon the
collective route decisions of others. As more travelers utilize a given network link, the travel time
on that link degrades. This volume dependence of travel times is represented in traffic
assignment models with what are typically non-linear volume-delay functions.

Beckmann et al. [2] demonstrated, under assumptions of route costs that are the sum of their
link costs and link costs being simply a (continuously differentiable, non-decreasing) function of
link flows, that the traffic assignment problem could be formulated as a minimization problem
with a specific objective function that has a unique link flow solution. This formulation did not
immediately lead to a computational method for finding the optimal solution.

Leblanc et al. [3] and Nguyen [4] proposed using the Frank-Wolfe (FW) method for computing
equilibrium that was implemented in UTPS and which has subsequently been used in most
planning software. In the FW method, a series of all-or-nothing assignments are performed and
flows are combined using weights derived from a line search that attempts to minimize the UE
assignment objective function. All of the link flows from trips from all origins are updated each
iteration. As a result, the order in which the origins are processed does not significantly affect
the numerical results achieved. The process is repeated until some stopping criterion is met.

Note that if the minimum path travel time between each OD pair does not change, the Wardrop
condition is satisfied since there are no lower time (cost) alternatives for any traveler. As a
result, at equilibrium, the difference between the total cost of the current User Equilibrium (UE)
solution (C ) and the total cost of the All-or-Nothing, AON, solution (C,y, ) is zero and the

difference is, therefore, a natural measure of convergence. Obtaining the value of the objective
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function requires an extra calculation, but the cost at the AON solution (which is always
available since it determines the direction of search for the next iteration) serves as a lower
bound on the equilibrium solution for the current iteration.

Since the solution algorithm is iterative in nature, a stopping criterion is required. Rose et al. [4]
lists several stopping criteria that might be used and these are shown below:

1. Change or percent change of the objective function

Zn _anl
Zn

2. Maximum link flow change
max(]x{‘ —x"

3. Relative gap
Z Xue C(XUE ) - Z XpoN C(XUE )
Z Xue C(XUE )

4. Average excess cost
z Xue * C(XUE) - Z Xpon C(XUE)
> 0D

where:
n = Ilteration number
I = Linkindex
z = Objective function
X = Flow atlink i, at iteration n
c() = Volume delay function
OD = Demand

The “relative gap” is the aforementioned difference between the cost of the current UE solution
and the cost of the AON solution divided by the cost of the current UE solution. This is a fairly
sensitive measure of convergence and is superior to many other stopping criteria such as
simple functions of the differences between assignment iterations [5]. It also has the virtue that it
is comparable across scenarios, totally different assignment problems, and assignment
algorithms.

The maximum link flow change between iterations measure does not indicate how far from
equilibrium a solution may be. In some planning software, the “GAP” reported is completely
different from the relative gap measure defined above and is computed from the percentage
difference in vehicle hours travelled (VHT) from successive UE iterations without consideration
of the AON solution. This measure can fluctuate wildly, leading to early termination of the
assignment, and it also greatly overstates the degree of convergence obtained. To illustrate this
point, we computed both measures for a large, well-calibrated regional multi-class traffic
assignment problem for the greater metropolitan Washington, D.C. region. This particular
problem has 2,500 zones and 57,374 links and 5 assignment classes.
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Figure 2-1 Comparisons of the Relative Gap and VHT GAP

Assignment convergence for the Washington D.C. regional model
using the FW algorithm
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As one can see from inspecting the curves in Figure 2-1, the VHT GAP measure goes to low
values very quickly and also oscillates a great deal. When the VHT GAP is .0001(1.E-4), the
relative gap is just barely over .01 (1.0E-2). Similarly, when the VHT GAP first reaches
.000001(1.E-6), the relative gap is just over .001(1.E-3). Given this behavior, using the wrong
convergence measure halts the assignment process prematurely.

It is also important to understand that the number of iterations either by itself or as a maximum
value in connection with some other measure does not by itself correspond to a particular level
of convergence. The more congestion there is, as in a future forecast year, the poorer will be
the convergence associated with the same number of assignment iterations. For this reason,
comparisons of the future with the base case or comparisons between different scenarios will be
inconsistent and potentially misleading.

Rose et al. [5] suggested a relative gap value of .01 in 1988 when computers were many orders
of magnitude slower than they are now. Also, the consequences of poor convergence were less
well understood then.

A practical problem for modelers is that the FW algorithm, while efficient early on, exhibits

“tailing” with slower convergence as the number of iterations increases. Because of this, the FW
algorithm is limited in its ability to obtain a tight equilibrium solution.
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In an attempt to improve upon the rate of convergence, the FW algorithm can be multi-threaded
and other, more rapidly convergent algorithms can be utilized [6]. Both the tailing of FW
convergence and the effect of multi-threading are illustrated in Figure 2.2, which provides the
convergence graphs for the FW algorithm running with one and with twelve threads. As can be
observed, the rate of convergence slows markedly, making it impractical to get to a relative gap
of .00001 with single threaded FW in a reasonable amount of time. These assignments were
performed on a PC with 2 6-core processors running at 3.10 GHz. When twelve threads are
utilized, there is an enormous reduction in computing time making it straightforward to achieve
an order of magnitude improvement in the relative gap within the same amount of time. The FW
algorithm still tails with multi-threading limiting the convergence attainable irrespective of
computing time.

Figure 2-2 DC Regional Network PM Frank-Wolfe Assignment
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To understand why convergence matters, consider the example illustrated in Figures 2-3 and
2-4 that show the predicted impacts of removing 2,600 travelers from the DC regional road
network because they switched to an improved transit line which is shown in blue. The impacts
were assessed by rerunning the highway traffic assignment and comparing it to a prior one that
had those 2,600 trips included. In Figure 2-3, we show the assignment results at the low level of
convergence to a relative gap of .01, indicating in green the links that gain flow and in red the
links that lose flow with the width of the lines showing the magnitude of the change. Obviously,
the pattern of impacts is nonsensical and clearly erroneous. Many links gain in flow, which
should not happen when trips are removed. In contrast, in Figure 2-4, which shows the traffic
assignment impacts at the high convergence associated with a relative gap of .000001, the
pattern of reduced highway trips is completely plausible.
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Figure 2-3 Road Traffic Changes Due to Blue Line Service Improvement: Relative Gap = 0.01
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Figure 2-4 Road Traffic Changes Due to Blue Line Service Improvement: Relative Gap = 0.000001
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Modelers for years have had trouble explaining the seemingly random and illogical results
generated by traffic assignments when evaluating projects. Typically, impacts of even minor
network changes are seen far away from the changes and in corridors that should not be
impacted at all. It is now evident that these strange results are the consequences of
convergence error and that these artifacts disappear as the convergence levels of the traffic

assignments are improved.

Researchers have been active for decades in developing and testing alternative methods to find
more convergent and more rapidly convergent algorithms for the user equilibrium traffic
assignment problem. Notable examples include Bar-Gera [7,8], Dial [9], and Daneva and
Lindberg [10] among others. These alternative methods were seldom tested on large regional
networks or on networks that included multiple user classes and turn penalties. However, there
has been substantial progress in the past decade, and some of the newer methods are clearly
much more rapidly convergent than their predecessors. Also, the aforementioned multi-
threading coupled with continually improving computer hardware has enabled tighter and more
rapid convergence to be achieved in regional planning models.
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At least three types of static UE methods are now offered commercially in transportation
planning packages. These include the Frank-Wolfe (FW) method that has been the workhorse
for most modeling work in the past 40 years, the bi-conjugate Frank-Wolfe (BFW) algorithm, and
various types of path-based methods.

The bi-conjugate descent BFW method was proposed by Daneva and Lindberg [10]. It is an
extension of the FW method that finds a more efficient search direction and has significantly
better convergence behavior than the FW method. In Figure 2-5, we show its performance in
comparison to FW on the same network for both single-threaded and multi-threaded
implementations.

Figure 2-5 DC Regional PM Multi-Class Bi-Conjugate FW Assignments
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In this example, the BFW method is capable of reaching an order of magnitude lower relative
gap than FW. As can be seen from the graph, the multi-threaded BFW method is more than two
times faster in reaching a relative gap of .00001 than the multi-threaded FW method. It should
be noted that it took a while for the advantages of the BFW method to be appreciated. The
original paper was not accepted for publication, and it was only after the algorithm was
implemented in commercial software and shown to be effective that a later version of the paper
was finally accepted for publication [11].

It is also possible to use a path-based algorithm to solve the user equilibrium assignment
problem. In doing so, flows are moved from higher cost paths to lower cost paths until the costs
(or travel times) for all used paths for each origin-destination pair are virtually equal. Each
significant vendor of planning software offers a type of path-based equilibrium assignment
method, although these methods differ considerably from one another. From what we
understand, all of the methods can reach much lower relative gaps than FW or BFW, although
they may not necessarily be faster in computing time to reach a relative gap of .0001 on large
congested networks.
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In Figure 2-6, we show a comparison of Caliper implementations of FW, BFW, and a path-
based method based on Dial’'s algorithm B [9]. There one can see that the path-based method
can achieve much tighter convergence than the other methods although it may not always be
the fastest to lesser levels of convergence such as 0.001 or 0.0001. From presentations by
other vendors, it appears that similar results will hold for their path-based methods and that all
of these newer methods can reach gaps of 0.000001 or lower. This makes it possible to quantify
the total link flow convergence error at lesser levels of convergence. Also, the ability to utilize a
warm start in which the computation of a new solution to a traffic assignment problem is
computed from a saved, prior solution, can reduce the computing time for path-based methods
significantly.

Figure 2-6 DC Regional PM Multi-Class Assignment Runs with Different UE Algorithms
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Bernstein [12] has shown that UE solutions have good stability with respect to small
perturbations; consequently, if a tight equilibrium solution can be generated, it should be a
computationally stable method of generating forecasts. Results from a small body of tests first
by Boyce et al. [13] and then by Slavin et al. [14] provide some empirical support for this
conclusion. These tests also suggested that relative gaps of .0001 or lower are needed to
remove significant convergence errors in link flows. This project addresses that question further
in the context of transportation project evaluation with multiple MPO models.

Above we discussed the fact that inappropriate measures of convergence are self-defeating in
network modeling practice. However, it must also be pointed out that there are various other
modeling practices that can lead to overstated convergence. The most common of these are
smoothing of flows or truncation of speeds or volume-to-capacity ratios. Imposition of a
minimum speed on links will impair and impede convergence, since it wreaks havoc with the
algorithms that are being used to calculate equilibrium flows. Similarly, limiting the maximum
volume-to-capacity (V/C) ratios at low levels will impair convergence while overstating the gap
achieved. Use of look-up tables with limited speed ranges instead of continuous functions can
have the same effect as floors or ceilings on speeds or V/C ratios.
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Limiting the numerical precision of flows and/or link costs will also overstate convergence.
Certainly rounding of flows or costs or other adjustments would be problematic. In many cases,
these practices generate incorrect solutions along with unduly optimistic relative gaps.

The relative gap is only one figure of merit, and it is worth noting that different algorithms
generate different link flow solutions at the same relative gap. Based on computation of the
objective function of the equilibrium assignment problem, there is evidence that the more highly
convergent algorithms produce better solutions than FW at the same relative gap [14].

There is a great deal of confusion about select link analysis that is associated with user
equilibrium traffic assignments. From a mathematical point of view, only the total link flows are
guaranteed to be uniquely determined at equilibrium. This means that the reported class link
flows from a multi-class assignment or the estimated route flows for even a single class
assignment are not necessarily unique. Moreover, the methods used to estimate the route flows
that are reported in select link analysis can be greatly misleading [15]. One way to understand
this observation is that the paths saved from all the iterations of a FW assignment are not the
paths that would be used at or near equilibrium; they are merely a means of estimating the
equilibrium link flows. We now know that the artifacts from the unrealistic paths generated in the
first few iterations of FW are never completely removed from the FW solution, and thus they will
bias the select link analysis.

As illustrated by Boyce et al. [16], the estimated route flows from order-dependent assignment
algorithms can be very peculiar and quite unreasonable. One possible improved approach is to
calculate the most likely route flows using an entropy or proportionality assumption [17]. This
calculation can be done with some of the newer algorithms. Proportional route flows can resolve
the issue of non-uniqueness, but there is no evidence that it has any behavioral validity or that
the solution has a high probability of occurrence even if it is somehow “the most probable.” The
BFW algorithm is not order-dependent, and Florian and Morosan [18] have indicated that it
exhibits reasonable proportionality in class flows. In any case, without good convergence, the
select link analysis cannot possibly be correct.

In assessing the state of the practice, a variety of criteria apart from convergence issues come
into play. Good practice requires modeling the peak periods separately and having separate off-
peak models when 24 hour travel volumes need to be computed. Networks should be
geographically and topologically accurate, be sufficiently dense to represent the roads that
might be used to travel from one zone to another, and have correct attributes in terms of
functional class, vehicle use and turn restrictions, tolls, and posted speeds. The presence of
buses and trucks should also be considered in some fashion in the assignment model for large
metropolitan areas.

How much convergence is enough? This is a complex question that may not have a simple
answer. The first question to examine is how different are the flows for the same problem at
different convergence levels. This can be done with a chart such as that shown in Figure 2-7,
which illustrates the maximum and average link flow errors as a function of convergence levels.
From the chart, one can see that the largest link flow error at a gap of .001 is about 1000
vehicles for the peak period that was analyzed. To reduce the largest link flow error to 100
vehicles requires a gap of 1.E-06.
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Figure 2-7 Average & Maximum Link Flow Convergence Errors
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Convergence errors can also be profitably assessed through maps of network differences
illustrating the differences in link flows between highly converged solutions and those that are
less converged. In Figure 2-8, which follows, we show a comparison between a UE solution that
was computed to a relative gap of 1.E-10, which is de facto the equilibrium solution and several
other lesser convergence levels. For this network problem, a relative gap of 1.E-5 would seem
to be adequate.
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Figure 2-8 Flow Differences from User Equilibrium at Varying Convergence Levels
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At the time of the MPO model inventory, it seemed that most traffic assignments should be
computed to a relative gap of at least .0001 for each time period. This would help ensure that
convergence error is limited and does not mask other errors. Later in this report in Chapter 7,
we re-examine this issue with direct before-and-after tests of project impacts at different
convergence levels.
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Other aspects of assignment models are also important. The assigned flows in a base case
should have plausible volume-to-capacity ratios, with no links having V/C ratios greater than 1.5
or 2. High V/C ratios are almost invariably associated with errors in network structure,
insufficient centroid connectors, improper capacity estimates, and numerous other problems
including problematic trip tables. A good practice is to investigate each instance of a high V/C
ratio to see if it can be corrected by identifying and addressing its root cause.

Plausible V/C ratios and speeds are insufficient to validate a traffic assignment. The validity of a
base case traffic assignment must be judged against external, observed data on counts and
speeds. Assigned volumes should be in close agreement with link counts by time period and
direction of travel. This is a more stringent and more appropriate test of the model than
conformance to daily flows, screenline counts, or bi-directional flows.

If the assignment is a multi-class assignment, then validation against class counts is warranted.
If there are insufficient class counts available to do so, it is questionable whether or not a multi-
class assignment is appropriate. Special attention should be given to prediction of specific HOV
and toll facilities and to the overall balance between freeway and arterial travel.

A second and crucial dimension of validity is plausible prediction in response to specific
hypothetical and real network changes. The premise is that if the model cannot provide a
reasonable answer to individual network changes, it will not be valid in predicting a large group
of changes. In our prior work, we have recommended that three types of changes be tested.
These are an insignificant or almost irrelevant change to the network which should have nearly
no effect or only a very localized one, a small change that should have only a local effect, and a
major change that should have a noticeable impact on travel patterns in at least one corridor
[19].

Hypothetical tests are useful, but tests of real projects that will be or have been implemented
are certainly better. In most metro areas, there is a continuing stream of changes to the road
network and therefore there will typically be an opportunity to test pre-project forecasts of post-
project impacts. The spatial pattern of the change needs to be examined to further verify that
the impacts make sense and that there are no extraneous inexplicable changes in flows. For
these short-term tests, full model feedback is neither required nor necessarily appropriate, but
feedback to mode choice could be considered.

Current MPO Traffic Assignment Procedures

We assembled data on the current traffic assignment procedures used by the nation’s 30 largest
MPOs (in terms of population) and several other transportation agencies. The information
collected included the traffic assignment algorithm utilized, the convergence or closure criteria
employed, and basic information on the number of time periods, the volume-delay functions,
and the user classes employed.
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The results were not encouraging with respect to the current state of the practice because we
found that inadequate practices are in widespread use. Only half of the MPOs used a valid
measure of assignment convergence while the other half variously used a maximum number of
iterations or the VHT GAP as the closure measure. One MPO used a travel time skims
difference and one used a link flow difference measure. Of the ten largest MPOs, one used only
4 iterations, one used 6 iterations, and another used 10. Typically tens or hundreds of iterations
are required for reasonable convergence. Irrespective of the method employed, these are
clearly deficient practices.

Of the half of the MPOs that used the relative gap, only two used a convergence value of .0001
for the AM peak period. Many used a criterion of .001, but a few used .01 or .005 instead.

With respect to algorithmic approach, Frank-Wolfe was used by most MPOs, but 5 used the bi-
conjugate FW method, and a few used a path-based method in addition to FW. One MPO used
an old-fashioned, non-convergent capacity restraint method, and another used a set number of
fixed FW iteration step sizes which also is neither convergent nor a valid means of comparing
scenarios.

Some form of Bureau of Public Records (BPR) function was used by a majority of MPOs, some
of whom added operating costs and others of whom added terms for signal delay. Some varied
the BPR function parameters for different functional classes as is recommended in the 2000
Highway Capacity Manual. Other volume-delay functions (VDFs) utilized included the conical,
Akcelik, and logit functions. Many MPOs seemed to recognize that it is good practice to utilize
VDFs that correspond to a link’s performance. While some performed speed studies or
analyzed different volume-delay functions, there was little supporting evidence for the functions
chosen.

Most MPOs modeled 3 or more separate time periods during the day, but at least 3 had a single
24-hour model for which it is impossible to have a reasonable traffic assignment procedure.
Others had peculiar periods of quite varying durations.

Most MPOs used two or more car classes to take account of HOV restrictions and most had at
least one truck class associated with heavy trucks. The truck flows are often weighted with a
passenger car equivalent greater than or equal to 1.5. Some MPOs preload buses on their
network, but this is far from widespread.

Initially we had hoped to evaluate the geographic accuracy of the road networks in use. This
proved to be rather a subjective topic and one that is more or less impenetrable unless the
networks are inspected directly. Our general observation, though, was that fewer than half the
MPOs use a geographically accurate network in which the geographic shape and topology of
the roads are correctly represented. The amount of error this introduces could be assessed in
future work.

There was little evidence that traffic assignment models were ever tested by making forecasts
for specific projects. Rather, the base case models were applied to scenarios that included a
wide set of future conditions masking the impact of any one particular network change.

In the model documentation and in follow-up discussions, the computational burden of
computing traffic assignments was cited as a reason to take short-cuts in the traffic assignment
models and in feedback procedures. It did not appear that the consequences of such short cuts
were properly appreciated.
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Concluding Remarks

Our inventory of large MPO modeling practices gives cause for concern as it indicated that the
traffic assignment modeling procedures employed are often deficient and in need of
improvement. An inescapable conclusion is that there is a great deal of convergence error in
many of the models. It also raises the specter of concomitant errors in the travel times that are
used for trip distribution and mode choice models. It is hard to know how consequential those
errors might be, but these errors could definitely have an impact on forecasts including those for
major transit projects. Generally, overstated congested travel times will be associated with
insufficiently converged traffic assignments as travelers will not be using their lowest cost paths.
If auto travel times are overestimated, then transit patronage may be as well.

It should not be difficult for many MPOs to improve their traffic assignment procedures. Since
most of the worst deficiencies could easily be remedied by simply switching to different
practices that are supported by all commercial modeling packages, it seems that the most
relevant gap in this regard is a knowledge gap.

This is not to imply that there are not many unanswered questions to be addressed about traffic
assignment models for large MPOs. Among these are determination of best practice methods
and the efficacy of static UE models to predict traffic flows and congested travel times. These
are topics that will be examined closely in later chapters of this report.
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Chapter 3
Current Practices in Computing Model
Feedback

In most travel demand models, there is typically a feedback loop from the traffic assignment
stage of a model back to trip distribution and mode choice. Travel speeds that are computed
from the assigned link volumes are used in the next loop of the model. The goal in feeding back
speeds or travel times from the traffic assignment is to achieve consistency between the times
upon which the model is initially based and those that result from a consistent application of all
of the component models in a multi-stage model

For a model to reach feedback convergence requires that the model components are
themselves stable or convergent and that a convergent feedback methodology is employed. For
it to converge to a correct or valid solution may have additional requirements. Apart from
achieving consistency in model application, the behavioral motivation for computing models with
feedback loops is to reflect the effects of transportation improvements on land use, trip
frequencies, trip distribution, mode choice, and any other model components that are dependent
upon congested travel times. Feedback convergence has also been described as supply-
demand equilibration [20].

In this chapter we provide background material on feedback convergence. This is followed by

an inventory of practices employed in large MPO models as gathered from the same effort
discussed previously to document traffic assignment methods.

Background on Feedback Convergence

For a closed-form model, it is often possible to solve the feedback convergence problem
directly, generating a consistent solution for trip distribution, mode choice, and traffic
assignment [21]. However, these closed-form models are not in favor with practitioners, and
sequential, multi-step complex models are used instead. In advanced practice, there may be
disaggregate models evaluated on synthetic populations with sequences of complicated models
of tour frequency and stochastic as well as deterministic model components that are utilized.
For these and other models, calculating what in mathematics is referred to as a consistent fixed-
point solution may not always be possible, or if it is possible, there may be multiple and different
approximate solutions. This situation has led to a certain amount of freelancing with respect to
the methods employed in model feedback.

There has been a great deal of misunderstanding about feedback convergence and effective
methods for achieving it. Some of this is due in part to incorrect notions being published or
research findings being misinterpreted or generalized beyond a reasonable degree. One
fundamental misunderstanding is the notion that feedback convergence can be judged by
simply measuring the link flow differences between loops, such that when these are on the
order of a few percent, the model has achieved feedback convergence. The fallacy in that
reasoning is that a declining rate of change in flows does not ensure convergence to a particular
limit. To see this, imagine that the vector F of link flows increases by F/n at each loop n after the
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first. Then the ultimate flow vector will be computed from F+F/2+F/3...+F/n=F} 1/n. Since > 1/n
goes to =, then so will the link flows. Even for a series whose values or sum has a fixed limit,
evaluating only the first ten or twenty terms may be completely insufficient as an approximation
to that limit.

The same reasoning would apply to other measures of feedback convergence such as trip
tables or travel speeds. Small changes from loop to loop may simply present deceptive
convergence as perceptively noted by Gibb [22].

Much of the early research on feedback convergence was performed with traffic assignments
that were not well converged. Some of these models did not even have converged gravity trip
distribution models. As a result, the conclusions reached may very well have been distorted or
incorrect. Another crucial limitation of most prior work is that there was no explicit global metric
used for measuring feedback convergence.

Most feedback research has been done with 4-step models characterized by gravity trip
distribution models and simple or no mode choice models, rather than the complex nested logit
models that are currently in use and with logsums in the trip distribution models. It was noticed,
however, that various types of rounding or imprecision in model components did have some
influence on the results obtained [23].

It is well-understood that simple or naive feedback of travel times from one loop to another will
not necessarily converge. This insight has come more from empirical testing than from any
formal reasoning, but there is no particular reason that an arbitrary model sequence should
converge with feedback as opposed to moving off in some direction or oscillating back and forth
with or without a trend.

An old, influential, and somewhat misleading report on feedback was published in 1996 by the
Travel Model Improvement Program [23]. It recommended the use of the 5 feedback
convergence criteria that are listed below.

Percent Change in average speed by functional class and area-type

Percent of links with less than 5 percent change in assigned volume

Root Mean Square Error (RMSE) of assigned link volumes

Percent of person trips with less than 10 percent change in origin-destination flows
RMSE of origin-destination flows

arwdnpE

With the exception of the last measure, none of these measures are reasonable metrics for
convergence.

A natural measure of feedback convergence is the closeness of the input and output O-D travel
times. Travel times are the key input to all travel demand models, and they are used to
determine the spatial pattern of trip-making. Another important aspect of this measure is that the
travel times for O-D pairs can be sampled and observed and can be verified by direct empirical
measurement for each time period. The closeness of input and output travel time skims can be
adequately measured by a RMSE statistic and possibly by other metrics.

Another measure that has been suggested is the stability of the trip table from loop to loop.
Certainly if the trip tables stop changing, then the travel times and link flows will also stop
changing. However, the sensitivity of the trip table to small changes in travel times may still
remain.
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Some form of averaging is considered the method of choice to be applied to one or more of
these quantities in order to achieve feedback convergence. The particular form of averaging and
the most efficient target for the averaging has generally been considered an empirical matter to
be determined for a model through experimentation [21]. A form of averaging, the method of
successive averages or MSA as it is usually called, is convergent in the limit (i.e., with a large
enough number of iterations) to some solution because of decreasing step sizes and is widely
applied. It is not clear if it will always be the most efficient method, or if it or any other heuristic
solution method leaves its signature in the solution that results.

Based upon the inventory, the most common approach is use of the method of successive
averages (MSA) to combine the link flows from successive model loops. The basic idea is to
combine the link flows from the current feedback loop with the best estimate of link flows from the
previous loops to produce the current best estimate of link flows. This is then used to compute
congested link travel times using the volume delay function and these congested link times are
input to calculating the shortest path travel times. Various weighting schemes might be used, but
MSA weighting gives the appearance of converging reliably because of declining step sizes.

The MSA method utilizes a predetermined sequence of step sizes of the general form,

K1
a, =
K,+n
where: a, = Step size
n = lIteration counter
K, K, = Parameters

K,, K, must be chosen so that the following two conditions are satisfied:

One of the simplest step size sequences satisfies both conditions:

(K,=1 K, =0)

1
o =—
n

So typically, the adjusted MSA link volumes are calculated based on the following equation:

MSAFlow, = MSAFlow, , +%-(F|0Wn —MSAFlow, ,)

where: n = current MSA iteration number
MSAFlow, = calculated MSA flow at iteration n
Flow, = resulting flow directly from trip assignment
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Because the efficiency of MSA wears out, some have suggested restarting it with larger
increments after a certain number of iterations. Other averaging schemes are also known for
solving fixed point problems that may be applicable [24]. In practice and in some research, fixed
step sizes of varying sizes are also encountered and have been deemed to be more effective
than MSA averaging.

In our own prior work, we have found MSA to be preferable for some models with feedback
through distribution, mode choice, and assignment [25]. It is important to note that the link flows
are being averaged and not the link travel times. Averaging the times may be less desirable
because it may lead to slower convergence or inconsistencies due to the fact that the average
times do not correspond to any consistent set of link flows that are produced by a traffic
assignment.

Given two skim matrices from two successive model loops, a percent RMSE can be calculated
(using each zone-to-zone value as one observation) and a convergence value can be
established. If the percent RMSE of the skim matrices of successive loops is within a specified
threshold, then the feedback loop procedure can be terminated. In a Washington, DC regional
model developed for Prince George’s County, Caliper used .1% and lower values as thresholds
for the RMSE of the skim matrices in determining when to terminate the model with feedback
loops. This demonstrated that these levels of feedback convergence could be achieved with
conventional methods. Note that if the model computes both peak and off-peak skims or skims
by time period, feedback convergence should be achieved for each time period. This may take a
different number of loops for some time periods than others.

Another school of thought is to compare the O-D matrices from successive feedback loops.
Measures such as the RMSE between the O-D matrices or the sum of the absolute differences
in the O-D matrices (named the Misplaced Flow) have been suggested for stopping criteria [26].

In addition to link flow averaging, trip table averaging and impedance averaging have been
suggested as the most appropriate targets for achieving feedback convergence. Boyce et al.
[26] found that trip table averaging with constant weights was the most effective approach for a
model of the Albany, NY region. However, this model did not have a mode choice component,
rendering the results of questionable applicability to more complex models. In past research on
deployed models [25], we found that trip table averaging may aid the MSA method, but is not an
effective substitute. Florian [27] has suggested that impedance averaging (i.e., skim averaging)
is effective, and our inventory of practice indicates that many MPOs agree. Additional research
will undoubtedly be required to assess the most efficient computational strategies for specific
types of models and contexts.

A good practice when computing feedback convergence is to begin with very good estimates of
congested link travel times and skims. This, in essence, is beginning the computations closer to
a fixed-point solution and will, in general, reduce the number of feedback loops required.

Another very important point is that in order to achieve feedback convergence, the individual
model components must be run to an appropriate level of convergence themselves. This means
that the trip distribution model must be converged (if relevant) and that crude rounding or other
off-model adjustments of trips must be avoided. If the individual model components are not
highly converged, the feedback procedure may not converge or it may converge to the wrong
solution. Also, there is some evidence that suggests that the more highly converged the traffic
assignment, the fewer the number of feedback loops required to achieve the same level of
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feedback convergence. Others have suggested saving time by using assignments with lesser
convergence in early loops [28].

If best transit path O-D skimming is included as part of the 4-step model, the feedback
convergence problem is likely to be more complex, and if the transit travel times are a function
of the congested highway travel times, there may be no guarantees of convergence in all
instances. Also, even if convergence can be achieved, it may take longer to reach a given level.

In the base case, validity tests should be applied to ensure that achieving feedback
convergence produces a model that fits observed data more closely than a poorly converged
model. Forecast tests with specific, real or hypothetical, projects should also be performed to
help judge the credibility of the overall model with feedback.

The behavioral premise of feedback through trip distribution for long-range planning is that trip
patterns will change in the long run in response to changes in transportation system
performance. This is hypothesized to come from changes in destinations chosen for non-work
trips and longer term adjustments in residential and work place location choice. While this may
no doubt be true, there is little if any evidence that trip distribution or land use models are adept
at predicting such changes. Yet feedback convergence will often give results that are dominated
by the trip distribution models. For short-term assessment of highway projects, it can be argued
that only the traffic assignment needs to be re-run or that feedback be performed only back
through mode choice, holding the person trip tables constant. For FTA’s purposes, this might be
a conservative analysis strategy.

Feedback Methods in Use

Based upon our investigations, we estimate that about two-thirds of the nation’s 30 largest
MPOs attempt some type of feedback calculation. Most of the ten largest MPOs do so. What is
less encouraging is the manner in which it is performed.

While the need for feedback is generally acknowledged by many MPO modelers, we found wide
variation in the methods employed and the results sought. Approximately 20 percent use naive
speed feedback, which is generally not convergent. Another 20-25% use MSA flow averaging
with at least one MPO using MSA flow averaging and trip table averaging together. For the
remaining MPOs that perform feedback, both speed averaging and MSA trip table averaging
were about equal in frequency of occurrence.

Perhaps the most serious problem is that, of those who perform feedback loops, almost none
uses an explicit, relevant, and global feedback closure metric. A global metric would include all
O-D pairs and would be applied to each and every time period in the model. Surprisingly,
performing feedback for each time period in the model is highly uncommon. Most feedback is
done for the AM peak period or a blend of AM and PM peak periods.

The most common practice is to run 3 to 5 full model loops and accept the results, irrespective
of their quality. We could find no MPO that used a global travel time skim metric, but one used
travel time differences of a minute or less for most O-D pairs as a criterion. Many MPOs used
link flow differences and a few used trip table stability as criteria. Closure levels such as flow
difference RMSEs of no more than 3-5% were used by a handful of MPOs and a few others
used stopping criteria such as 90% of all the O-D flows within 10% of the prior loop.
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Using flow differences to test feedback convergence has the same problems previously
discussed in using them to test traffic assignment convergence. Small changes per loop do not
indicate how close or far away the model is from feedback convergence.

Another serious problem is that MPOs do not impose the feedback criterion globally, either with
respect to all O-D pairs or with respect to all time periods. These omissions make the feedback
tests defective and to an indeterminate degree. To be clear, a criterion that all travel times are
within 5% for all but 10% of O-D pairs begs the question of what level of global feedback is
actually achieved.

There is no question that flows in the AM and PM peak periods are not symmetrical, and certainly
there are regions in which the PM congestion levels are the highest. Therefore, it is not sufficient to
calculate feedback for only one of the peak periods or to treat them as mirror images. Using
congested travel times that are a combination of AM and PM travel times is certainly not error-free
even if the times are transposed, summed, and divided in half. This will introduce further errors in
trip distribution and mode choice. Also, there will often be enough congestion in large regions to
require that feedback be performed for one or more of the off-peak periods. So one can only
conclude that forecasts will be distorted to some degree by these practices of ignoring or
aggregating time periods.

More than a few MPOs had no mention of feedback loops in their model documentation. For
those that do not perform feedback loops, it would be interesting to know the magnitude of the
disparity between their input and output travel times.

It was mentioned previously that solving models with feedback to convergence is aided by a
good starting point. This suggests that models be initiated with congested travel times from
previous runs with feedback convergence or observed data or a combination thereof. In spite of
this observation, it appears that more than half of MPOs use free-flow times as the initial input to
their model runs. A reason given by some for this practice is the convenience of not having to
store and retrieve separate congested travel times for different scenarios. That desire should be
weighed, however, against the much greater computing time required for a model run.

We would hope that when models are validated, planners use the results obtained from the
travel demand models being run with consistent travel times. From the available model
documentation this would appear to be rarer than one might think.

From our review, the magnitudes of the trip table and link flow errors associated with different
levels of feedback convergence are seldom if ever measured or reported. This would entail an
assessment of the link flow differences as well as the associated VMT and VHT measurements.

Given the state of the practice, it is hard to know what feedback convergence practices are
warranted and what the implications would be of implementing more formal methods and
metrics. Exploration of feedback convergence issues and their consequences is fairly
straightforward to do and merits the attention of those that already put so much effort into travel
demand model development and application. This should include direct tests of project impacts
to understand the consequences of feedback computations. In this study, we attempted to
examine some of these consequences.
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The computational burden of performing feedback loops is widely mentioned as a reason for
using informal convergence tests. This is not surprising given that the total running time for most
models is a simple multiple of the number of feedback loops run. Highly-converged traffic
assignments add to this burden as does the number of user classes and the number of time
periods. This often leads to computing times on the order of 50-100 times greater than that for
one single class assignment. Fortunately, computers keep getting faster and improved
assignment algorithms can make the necessary calculations a practical reality.

Concluding Remarks

The insufficient attention to model feedback clearly calls into question model forecasts of future
traffic conditions and transit patronage that are intended to be brought about by transportation
planning. Unlike traffic assignment, there is less formal knowledge about feedback methods and
issues for a variety of reasons. One reason is that there has been little empirical study of the
consequences of alternative approaches and varying levels of consistency in models.

Given the state of the practice, there is ample scope for improvement in the traffic assignments
and feedback practices that are in use. These topics are not only relevant to 4-step models but
are just as important if not more so for disaggregate models including the latest activity models
[28], all of which need good and consistent inputs on congested travel times.
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Chapter 4.
Overview of the ARC, MAG, NCTCOG,
PSRC, and SANDAG Models

In this chapter, we provide an overview of the 5 MPO models that we reviewed and worked with
in the project. We focus primarily on the aspects of the models associated with traffic
assignment and feedback. We necessarily worked with particular snapshots of the models due
to their continuing evolution.

Given that these models were thought to be among the better examples of good practices, this
overview is pertinent to understanding the state of the practice, modeling trends, and emerging
practices. The diversity of the practices employed is indicative of the lack of consensus about
the best way to develop the traffic assignment and feedback components of travel demand
models.

During the 18-month period of the analysis, there were considerable changes in some of the
models. When we began the project, we examined the Atlanta Regional Commission (ARC) and
San Diego Association of Governments (SANDAG) trip-based models.

The ARC activity-based model was not deemed ready for prime time until June 2014. Thus,
initially we worked with the prior trip-based model. The Maricopa Association of Governments
(MAG) model was updated in January 2014 so we redid most of our analysis as a result. The
North Central Texas Council of Governments (NCTCOG) model did not change during our
analysis, but we converted it to TransCAD 6 and 7 to use some of the software’s newer
features. For SANDAG, we worked briefly with the trip-based model and then subsequently with
their CT-RAMP activity-based model (ABM) which was under development and was not yet
deployed. It seemed to us that it would enhance the research to include at least one ABM in our
work. The Puget Sound Regional Council (PSRC) trip-based model was also in flux and was
delivered to us very late in the project, which also limited out ability to test it. Lastly, the
assignment portion of the ARC ABM was also provided to us late in the project. We also
attempted to fit in some examination of this model although the time that we had to work with it
was quite limited. Once again we caution that our descriptions may not apply to the current
versions of each of these models.

In this chapter, we describe each of the MPO models with a focus on the details of their traffic
assignment inputs, method, and outputs. We have prepared comparison charts to help keep
track of the model characteristics and how similar or dissimilar they are. Please note that unless
explicitly differentiated, the characteristics described apply to both the trip-based and activity-
based models of SANDAG. For ARC, we describe only the activity-based model since the trip-
based model is no longer in use.
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Model Information Summary Tables

Summary tables for each model follow. These indicate the salient characteristics of each model
with respect to traffic assignment and feedback methods employed.

Table 4-1 ARC ABM Model Information Summary

Aspect Attributes Information
Software Version CUBE/Voyager & CT-RAMP
Size of Model Links, Nodes 74,110 links, 26,907 nodes
Size of Model Number of TAZs 5,981
Assignment Time Periods 5 periods —EA 3 - 6 AM, AM 6 — 10AM, MD 10 — 3PM, PM 3
—7PM, EV 7PM - 3AM
Assignment Assignment Bi-conjugate Frank Wolfe
Method
Assignment Convergence Test | 0.0001 relative gap, 200 Max iterations specified
Assignment User Classes 6: SOV, HOV2, HOV3+, Commercial, Medium Truck, Heavy Truck
Assignment VDF Functions TO (1+a*V/C+y [(V/C)] "B)
For VIC < 1, B is a large number (6-9), For V/C > 1, =3
a, B and y vary by functional class and whether V/C < 1 or > 1
Assignment Value of Time Auto: $25/hr, Commercial: $35/hr
Assignment PCE values PCEs for of 1.5 for medium trucks and 2 for heavy trucks
Assignment Exclusion Sets SOV on HOV lanes, trucks with O or D inside |-285 prohibited from
highway links in perimeter
Assignment Turn Prohibitions None
and/or Penalties
Assignment Operating Costs Autos: 13.85 cents/mi, Trucks: 49.33 cents/mi
Assignment Tolls/HOT Lanes Matrices for Toll and non-Toll trips, I-85 HOT Lane
Assignment Capacities Vary by Area Type and Facility Type, values based on a lookup table.
Area Types based on population and employment density lookup
Assignment Volume Preloads None
Feedback Number of Loops Variable based on convergence criteria below
Feedback Closure Criteria %RMSE difference between feedback link volumes < 5%
Feedback Skims updated All time period skims updated after assignment (EA, AM, MD, PM,
EV)
Feedback Flow/Skims/Trip MSA on the link flows
Adjustment
Air Quality Post-processing None noted
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Table 4-2 MAG Model Information Summary

Aspect Attribute Information
Software Version TransCAD 5.0
Size of Model Links, Nodes 29,109 Links and 19,523 Nodes
Size of Model Number of TAZs 3022
Assignment Time Periods 4 periods—AM 6 — 9AM, PM 2-6 PM, MD 9AM-2PM, and NT
6PM — 6AM
Assignment Assignment Frank Wolfe, later bi-conjugate Frank Wolfe
Method
Assignment Convergence Test | 0.0001 relative gap, 1000 max iterations specified
Assignment User Classes 5. LOV, HOV, Heavy Trucks, Medium Trucks and Other Trucks
Assignment VDF Function Custom VDF; all_rd3.vdf
Assignment Value of Time None specified since no toll links in network
Assignment Are there varying No
PCE values
Assignment Exclusion Sets Yes
Assignment Turn Prohibitions/ LinkID-to-LinkID prohibitions
and/or Penalties
Assignment Operating Costs A link impedance is specified in the VDF as 1.4 min/mile and added to
link time after multiplying by link length
Assignment Tolls/HOT Lanes None
Assignment Capacities Based on Facility Types and Area Types. Facility Types vary from
Freeways to Arterials. Area Types vary from CBD to Rural.
Approximate ranges of capacities by facility type are below:
Freeways: 1,800-2,100, HOV: 1,300-1,500, Expressways: 800-1,000,
Arterials: 700-900, Collectors: 450-600, Ramps: 1,000-1,300,
Centroids: Uncapacitated
Assignment Volume Preloads None
Feedback Number of Loops Maximum of 10
Feedback Closure Criteria Flow %RMSE and Trip Matrix %RMSE within 3.8% between
feedback loops
Feedback Skims Updated PM and MD road skims
Feedback Flow/Skims/Trip PM and MD link flows averaged via MSA procedure
Adjustment
Air Quality Post-processing None noted
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Table 4-3 NCTCOG Model Information Summary

Aspect Attributes Information

Software Version TransCAD 5.0

Size of Model Links, Nodes 42,036 Links and 25,848 Nodes

Size of Model Number of TAZs 5386

Assignment Time Periods Three periods--AM 6:30 to 9:00; PM: 3 to 6:30, Off Peak 9AM-
3PM, 6:30PM-6AM

Assighment Assignment Method Frank Wolfe User Equilibrium

Assignment Convergence Test 0.0001, 1000 Max iterations specified

Assignment User Classes 4: Drive Alone, Shared Ride HOV, Shared Ride No HOV, and
TRUCK

Assignment VDF Function Custom VDF that includes a volume-dependent approach delay
at intersections and intersection delay to link congestion.

Assignment Value of Time Varies by class, $14.00/hr for the Non-truck classes and
$17.00/hr for the truck classes, in 2007 dollars with future CPI
factors

Assignment PCE values None

Assignment Exclusion Sets Yes

Assignment Turn Prohibitions and/or | None

Penalties

Assignment Operating Costs Operating costs of 15 cents/mile.

Assignment Tolls/HOT Lanes Monetary tolls are present on about 150 links.
The tolls are the same for all vehicle classes.

Assignment Capacity Separate link and intersection capacities. Link capacity is based
on LOS E, functional class and area type. 2300 is used for
freeways, 700-900 for arterials, 425-600 for collectors, 1250-
1700 for freeway ramps, 650-1000 for frontage roads, and 2000-
2300 for HOV. Freeways adjusted for weaving sections based
on HCM using median v/c and Length. Area types used but not
for freeways.

Assignment Volume Preloads None

Feedback Number of Loops User selected from 3-12. A typical run has 5 loops, but some
special runs can go up to 12 looks using the criteria below.

Feedback Closure Criteria Skim RMSE <= 1%, Max change in skim cells < 10%, Link
Volume RMSE <= 2%.
The maximum link volume change by facility type divided by the
one-lane link capacity should be less than the following criteria :
< 15% - Freeways, < 20% — Major Arterials, < 25% — Minor
Arterials, £ 25% — Collectors, < 25% — Ramps, < 50% —
Frontage Roads

Feedback Skims Updated AM and OP.

Feedback Flow/Skims/Trip Skims are averaged after assignment. A weight of 0.25 is used

Adjustment for previous average skims and 0.75 is used for the current loop

skim.

Air Quality Post-processing None
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Table 4-4 PSRC Trip-based Model Information Summary

Aspect Attribute Information

Software Version EMME/3

Size of Model | Links, Nodes 34,748 links, 24,375 nodes

Size of Model | Number of TAZs 3,874

Assignment Time Periods 4 periods—AM 6-9AM, MD 9AM — 3PM, PM 3- 6PM, EV 6 —
10PM, NT10PM — 6AM

Assignment Assignment Path-Based User Equilibrium

Method

Assignment Convergence Test | 0.0001 Relative Gap

Assignment User Classes 11: HBW SOV (4 income classes) Non-Work SOV, HOV2, HOV3+,
Van, Light, Medium, & HDV Trucks

Assignment VDF Function Custom VDF with BPR elements. Arterials VDFs include for signal
delay. Ferry link VDFs account for ferry frequency and vehicle
capacity of ferries.

Assignment Value of Time Different VOTSs by class and purpose. Between $12-$42/hr. for the
HBW SOV classes. $20-48/hr. for the non-work SOV and HOV
classes. $50 - $63/hr. for the truck classes

Assignment PCE values PCEs for medium and heavy duty trucks

Assignment Exclusion Sets SOV, HOV, and truck exclusions

Assignment Turn Prohibitions Link ID-to-Link ID prohibitions

and/or Penalties

Assignment Operating Costs None used

Assignment Tolls/HOT Apart from ferries, only 2 links in the network have link tolls. These
tolls vary by vehicle class (Non-truck, light truck, medium truck and
heavy truck have different tolls). All the ferry links have fares input as
tolls.

Assignment Capacities Based on facility type and speed limits, approximate ranges by facility
type are as follows: Freeways and Expressways: 1800-2100, Arterials
and Collectors: 500-1100, Ramps: 1000-1400, Centroid Connectors:
1000

Assignment Volume Preloads Car equivalent bus flows are preloaded

Feedback Number of Loops 4 + final

Feedback Closure Criteria None. Five feedback iterations are performed.

Feedback Skims Updated skims are updated for every time period (AM, MD, PM, EV, NT

Feedback Flow/Skims/Trip Skims are averaged after each loop

Adjustment
Air quality Post-processing No adjustment noted in documentation
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Table 4-5 SANDAG Trip-based Model Information Summary

Aspect Attributes Information

Software Version TransCAD 5.0

Size of Model | Links, Nodes 28,877 Links and 21,429 Nodes

Size of Model | Number of TAZs 4682

Assignment Time Periods 3 periods--AM, MD, and PM

Assignment Assignment Bi-conjugate Frank Wolfe

Method

Assignment Convergence Test | 0.001 relative gap, maximum iterations 1000

Assignment User Classes 14 classes (6 of them truck)

Assignment VDF Function Logit-based volume delay function in the trip-based model

Assignment Value of Time Varies by class. $30/hr. for auto and $43.2/hr. for truck

Assignment PCE values Yes. PCE > 1 for the six truck classes

Assignment Exclusion Sets Yes

Assignment Turn Prohibitions Link Type-to-Link Type and link ID-to-link ID prohibitions and

and/or Penalties penalties

Assignment Operating Costs Yes, on all links equal to 15c/mile.

Assignment Tolls/HOT Lanes Monetary tolls are present on 70 links. These tolls are different for
light (base toll), medium (1.03*base toll) and heavy vehicles
(2.33*base toll)

Assignment Capacities Mid-link capacity: Use Caltrans 1900-2100 for freeways, 2000 for
HOV, In * 1800 - 300 - 200 (m < 2) for urban facilities, In = # of mid-
block lanes, m = median code (0 or 1 signifies no median).
Intersection Capacity is based on HCM. Looks like LOS D for HOV,
LOS E for freeway

Assignment Volume Preloads Car equivalent bus flows are preloaded

Feedback Number of Loops 4

Feedback Convergence Test | None. Fixed number of loops.

Feedback Skims Updated All 3 time periods are updated

Feedback Flow/Skims/Trip Simple averaging of skims after each loop

Adjustment
Air Quality Post-processing An automated adjustment procedure has been developed to adjust

future year traffic volumes to compensate for calibration errors. This
procedure was discontinued in the ABM model.
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Table 4-6 SANDAG ABM Model Information Summary

Aspect Attributes Information
Software Version TransCAD 6.0
Size of Model | Links, Nodes 55,382 directed links and 22,222 nodes
Size of Model | Number of TAZs 4996
Assignment Time Periods, 5 time periods --Early AM 3-6AM, AM 6-9AM, MD 9AM-3:30 PM, PM
Times 3:30-7PM, EV 7PM-3AM
Assignment Assignment Bi-conjugate FW
Method
Assignment Convergence Test | 0.0005 relative gap, specified max iterations 1000
Assignment User Classes 14 classes (6 of them truck)
Assignment VDF Function Customized Tucson-based delay function in the activity-based model
Assignment Value of Time Varies by class. $30/hr. for auto and $43.2/hr. for truck
Assignment PCE values Yes PCE > 1 for the six truck classes
Assignment Exclusion Sets Yes, for all the classes
Assignment Turn Penalty Link Type-to-Link Type and link ID-to-link ID prohibitions and
Information penalties
Assignment Operating Costs Yes, 15c/mile on all links
Assignment Tolls/HOT Monetary tolls on 70 links. These tolls are different for light (base toll),
medium (1.03*base toll) and heavy-duty vehicles (2.33*base toll)
Assignment Capacities Mid-link capacity: Use Caltrans 1900-2100 for freeways, 1600 for
HOV, In * 1800 - 300 - 200 (m < 2) for urban facilities, In = # of mid-
block lanes, m = median code (0 or 1 signifies no median).
Intersection Capacity is based on HCM. Looks like LOS D for HOV,
LOS E for freeway
Assignment Volume Preloads Car equivalent bus flows are preloaded
Feedback Number of Loops 3 plus one final assignment outside of loop
Feedback Closure Criteria None. Fixed number of loops as specified above.
Feedback Skims Updated All 5 time periods
Feedback Flow/Skims/Trip MSA on link flows
Adjustment
Air quality Post-processing An automated adjustment procedure has been developed to adjust
future year traffic volumes to compensate for calibration errors

In the remainder of this chapter, we describe further details of the models deployed and review
the inputs and traffic assignment formulations utilized. Descriptions of the models include the
type of model, the trip purposes, and modes modeled. The formulations of the traffic assignment
model in terms of network attributes, centroid connectors, volume-delay functions, and current
practices are described and are essential background for the further testing that is described in
later sections of this report.
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MPO Model Formulations

The five MPOs models reflect a mix of advanced four-step models and initial deployments of
activity-based models. Of the five, ARC has completely switched to an ABM. MAG, SANDAG,
and PSRC are in the process of ABM development. NCTCOG has not yet initiated a move to an
ABM for travel demand forecasting.

ARC

ARC now uses an activity-based model for their planning and forecasting activities. This model
uses the CT-RAMP ABM formulation which is the same general activity-based model that is
under development at SANDAG. The ARC ABM model replaces an earlier trip-based model that
we reviewed earlier in the project.

MAG

MAG uses a trip-based model for its current forecasting activities and it has an ABM model
under development that is based on CT-RAMP. The MAG trip-based model uses a destination
choice model for trip distribution and a nested logit model for mode choice.

NCTCOG
NCTCOG uses a trip-based model with three basic trip purposes and a gravity model for trip
distribution. The mode choice model distinguishes trips by different transit modes as well as
walk trips.

PSRC
PSRC uses a trip-based model with 7 trip purposes and a gravity trip distribution model. It also
has a DAYSIM ABM under development.

SANDAG

The SANDAG trip-based model has 10 trip purposes and uses a gravity model for trip
distribution. The CT-RAMP ABM is under development but is sufficiently far along that we were
able to run it for the purposes of this research project.

Trip purposes
The person trip purposes represented in the trip-based models are described below in the Table
below. As one can see, they vary quite a bit in the number of purposes modeled.

Table 4-7 Model Trip Purposes

MPO Model Trip purposes

MAG Home-based work, Home-based other, Home-based school, Home-based university,
Home-based shopping, Non home-based work, Non home-based other, ASU students,
and Airport trips

NCTCOG Home-based work, Home-based non-work and Non home-based.

PSRC Home-based work, Home-based college, Home-based school, Home-based shop, Home-
based other, Non home-based work and non home-based other

SANDAG trip- Home-based work, Home-based college, Home-based education, Home-based shop,

based Home-based other, Serve passenger, Work-based other, Other-other, Airport, Visitor
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In the ARC CT-RAMP ABM model, there are mandatory work and school tours, maintenance tours
for escorting travelers, shopping, and other “maintenance” activities, and 3 categories of
discretionary tours for social purposes, eating, out, and “other” discretionary activities. Although we
did not inspect it in detail, the SANDAG CT-RAMP ABM implementation appears to be quite similar.

Travel modes

The table below describes the transit and non-motorized modes used in each of the models.
The trip-based models all include auto and shared ride auto modes and various types of
commercial vehicle trips. The non-auto modes are listed below.

Table 4-8 Non-Auto Travel Modes

MPO Model ‘ Transit Modes Non-motorized Modes
ARC ABM | Walk all, Walk premium, KNR all, KNR premium, PNR all, PNR Walk, Bike

premium,
MAG Access modes: Walk, Park-n-Ride, Kiss-n-Ride Walk, Bike

Transit modes: Local Bus, Express Bus, Rapid Bus, Urban Rail,
Commuter Rail

NCTCOG Transit modes based on 5 different agencies: APM, DART, DCTA, Walk
FWTA and RAIL

PSRC Transit access modes: Walk only. Drive access trips are not directly | Walk, Bike
part of transit assignment as the trip is broken down into the drive
part which is assigned to the highway network and the trip from the
park and ride lot which is treated as a walk access trip.

For walk access trips, transit modes are bus, rail, and ferry.

SANDAG Transit access types: Walk, Drive, Drop-off Walk, Bike
(both trip- For each form of access, transit modes: Local Bus, Express Bus,

based and | Rapid Bus, Light Rail, Commuter Rail

ABM)

Traffic Assignment Problem Characteristics

We now turn our attention to reviewing the key aspects of the traffic assignment components of
each model. This includes a description of the network characteristics, inputs to the assignment
procedures, volume-delay functions, assignment procedures and convergence criteria, and
basic assignment outputs including volume-to-capacity ratios and travel speeds.

Network size & software

Reflecting the trend of smaller sized and thus more numerous travel analysis zones, most of the
MPOs use nearly 4,000 or more zones. The specific number of TAZ's, the number of network
links and nodes, and the software used are tabulated below.
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Table 4-9 Model Network Size and Software

ARC 74,110 links, 26,907 nodes, 5,981 TAZs in CUBE/voyager and CT RAMP
MAG 29,109 links, 19,523 nodes, 3,022 TAZs in TransCAD 5.0

NCTCOG 42,036 links, 25,848 nodes, 5,386 TAZs in TransCAD 5.0

PSRC 34,748 links, 24,375 nodes, 3,874 TAZs in EMME/3

SANDAG trip- 28,877 links, 21,429 nodes, 4,682 TAZs in TransCAD 5.0

based

SANDAG ABM 55,382 links, 22,222 nodes, 4,996 TAZs in TransCAD 6.0 and CT-RAMP

Geographic network representation

We assessed the geography of the base-year networks by performing a variety of comparisons
with different data sources. We used the HERE geography that Caliper licenses, and also made
use of other data sources that were available including aerial imagery.

While the GIS revolution is still not fully realized in MPO planning, the 5 MPOs all had accurate
GIS line layers that they could relate to their model networks. Some had only recently switched
to accurate networks from stick networks. In general, the networks did not include all streets.
Rather, they covered main roads including major arterials.

Turn prohibitions and penalties

Use of turn prohibitions where they exist is a good practice, but one that is not common in large
MPO models. Failure to respect prohibitions will lead to inappropriate shortest path calculations
and would be expected to be harmful in the computation of travel time skims and equilibrium
traffic assignments.

Turn penalties are link-to-link movements that are assessed additional travel time. Use of fixed
turn penalties in static user equilibrium models is more of an open question, but may be very
helpful in some models. Fixed penalties that are independent of turning movement volumes
would seem to be a potential source of bias. Dynamic, volume-dependent turn penalties would
seem more logical but they are most appropriate in dynamic assignment models rather than in
models with long, multi-hour peak periods.

Some modelers use penalties to penalize specific movements. For example, SANDAG uses
penalties to prevent certain ramp-to-ramp travel paths. This practice may be potentially helpful
but needs research substantiation. In reality, many of these coded penalties may not be
necessary since trips might not use these link sequences even if there is heavy congestion.

In the table below, we describe the use of turn prohibitions and penalties in the 5 MPO models.
We also examined the HERE data to identify the presence of turn prohibitions in each region.
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Table 4-10 Use of Turn Prohibitions and Turn Penalties

MPO Model Description of Turn Prohibitions and Penalties

ARC Does not use either prohibitions or penalties. HERE maps show many left turn prohibitions
in the region.

MAG Uses turn prohibitions, mostly in agreement with HERE maps.

NCTCOG Does not use either prohibitions or penalties. HERE maps show many left turn prohibitions
in region.

PSRC Uses turn prohibitions. Some that are indicated by HERE maps are missing.

SANDAG Uses both, prohibitions mostly in agreement with HERE maps and penalties

According to HERE (formerly NAVTEQ) data, there are over 9,000 turn prohibitions present in
the Atlanta region (shown below on the map in red), but none are present in the model network.
These include both prohibited left turns as well as some prohibited movements on freeways.

Figure 4-1 HERE Turn Prohibitions in the ARC Region

6l Map3 - HAVTEQ Streets (USA, October 2012) = e |

While the geometry of HERE network is more detailed and would, therefore, require many more
prohibitions due to dualized road segments, many of those turn prohibitions such as prohibited
left turns are present in the regional network.
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Centroid connectors

For each MPO, we plotted histograms to illustrate the percentage distribution of the number and
length of centroid connectors. For all the MPOs except MAG, over half the zones have just 1 or
2 connectors, which would not be regarded as the best practice.

Figure 4-2 Centroid Connectors per Zone for Each MPO
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Connectors per zone: NCTCOG
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In general, we were surprised that so few centroid connectors were used in each of the models.
Generally speaking, we would expect 3 or more connectors to be used more often than not.
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In the figure that follows, we present histograms for the centroid connector lengths. It is
generally thought that centroid connectors should be short, which typically would be associated
with the use of numerous small TAZs and dense network representations.

Figure 4-3 Distribution of Centroid Connector Lengths
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Characterization of centroid connections in the MPO models

Ideally, centroid connectors should connect to the lowest link classes so that flows do not
overload the arterials and freeways for which calibration and/or validation is performed and for
which predictions are desired. Similarly, count locations used for evaluative purposes should not
be on links that are directly loaded with traffic from centroid connectors. As part of our review of
modeling practices, we examined the centroid connector linkages in the 5 MPO models and
offer the observations below.

ARC: For the most part, centroid connectors are linked to the rest of the network via collectors.
Some lead onto arterials and frontage roads. Many of the non-freeway count locations are on
links that are directly connected to centroids. The connectors have speeds between 7-14 mph.

MAG: A large part of the MAG urban network is gridded and most centroids within the grid have
connectors in all directions (which is good practice). However, this also means most of the
arterial links which the MPO uses as count locations are on links that are directly attached to a
centroid connector. Centroids in the MAG network are primarily connected to collectors and
arterials and some are connected to frontage roads. Connector speeds vary between 11 mph
and 17 mph.
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NCTCOG: The centroids in the NCTCOG network are primarily attached to collectors and
arterials. However, there are a few instances of connectors linking to ramps. Many of the non-
freeway counts are on links adjacent to centroid connectors. The peak-period speed for each
connector is assumed to be 23 mph. The off-peak speed for each connector is assumed to be
39 mph.

PSRC: The centroids are connected to collectors and arterials, some of which are major
arterials. The PSRC count data provided to Caliper was only on freeways, so the count
locations are not on links directly connected to centroids. The connectors have speeds that vary
between 3 mph and 70 mph.

SANDAG (both ABM and Trip-based Networks): Centroids are connected to collectors and
arterials and many to frontage roads as well. The count data provided by the MPO was almost
entirely on the freeway system. Among the few arterial counts, there are some on links attached
to centroid connectors. The connectors have speeds that vary between 20 mph and 45 mph.

In planning networks, centroids are commonly connected to intersection nodes or are connected
midblock, which involves splitting the link with an extra node. ARC and MAG use midblock
connections. NCTCOG and SANDAG have many connections to intersection nodes. PSRC has
some connections at intersections, but most appear to be midblock. Curiously, the two MPOs
that use volume-delay functions that include node delay (SANDAG and NCTCOG) have many
centroids directly connected to intersections. SANDAG’s more recent networks have been
updated to avoid centroid connections to intersection nodes.

Areatypes

Using area types is a shortcut method for selecting or modifying capacities or speeds for
individual links. Generally it is reasoned that links of specific functional classes will have
different capacities and/or speeds in areas of differing characteristics. For example, freeways in
dense urban areas often have lower speed limits, more closely spaced exit and entrance ramps,
and lower speeds on those ramps. Consequently, freeway links in dense areas would have
lower capacities than those in low density areas. A similar argument can be made with respect
to major arterials in central business districts.

We mapped the area types for the 3 MPOs that employ them: ARC, MAG and NCTCOG.
SANDAG and PSRC don't use area types. A cursory inspection of the maps suggests that there
is considerable variation in the methods used to arrive at area types. The different character of
the map for MAG comes from an elaborate process that they have developed and which has
been described in the 2013 TRB Planning Applications Conference presentation titled:

“Determine and Assign Area Type for Network Links Using GIS Technology”
by Petya Maneva, Maricopa Association of Governments
http://trbappcon.org/2013conf/presentations/246_4%20-%20246 Maneva_Area_type.ppt
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Figure 4-4 Area Type Maps
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These maps are suggestive of a rather broad categorization in setting link capacities, although
the methods and assumptions employed are probably different in each case. The alternative
would be a more fine-grained approach in choosing capacities for each link based upon its
characteristics, which might include functional class, road geometry, signal density, and other
variables.
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AM trip characteristics

In this section, we summarize information about the modeled AM travel demand (PM for MAG)
and the separate user classes assigned. All of the summary table entries pertain to the AM peak
period of each MPO model. We also tabulate the distribution of O-D pair trip volumes for all

classes combined.

ARC ABM

ARC assigns 10 user classes and maintains a distinction between classes that pay tolls and
those that do not. They also distinguish commercial vehicles and trucks and further separate out
trucks that eithe