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Executive Summary

Motivation and objectives

The investigation of the feasibility of developing a traffic simulation system for the Twin Cities
metropolitan area was proposed in response to the needs of multiple stakeholder groups, including
University of Minnesota researchers, transportation engineers, and policymakers.

Under the umbrella of the Access to Destinations Study, several research teams are working to produce
new metrics for transportation system performance based on the concept of accessibility—the ability of
people to reach the locations they need to visit in order to meet their needs and satisfy their desires. A key
challenge of this research effort is how to estimate future levels of accessibility based on today’s growth
estimates, land use decisions, and development plans. Travel time is a key factor in any such estimation.
Today, measuring (or even estimating) travel times on arterial streets is extremely difficult; on freeways,
although travel times can be measured with good accuracy, it is difficult to predict what will happen
under different demand and capacity scenarios. One way to overcome these obstacles is found in the
recent rapid advances in simulation and modeling, specifically microscopic simulation. A simulation
model encompassing the entire metropolitan area has the potential to greatly improve researchers’ ability
to estimate travel times across the entire transportation network.

In addition to the goal of measuring and forecasting accessibility, a metro-wide simulation model offers
several potential benefits to engineers and traffic managers. These include an enhanced ability to carry out
system-wide performance evaluations, more effective optimization of traffic controls, better design and
evaluation of new transportation projects, and support for planning and operational functions related to
emergency situations such as the collapse of the 1-35W bridge.

In view of these goals and potential benefits, investigation of the feasibility of developing a metro-wide
simulation system was broken down into the following tasks:

e Report on the state-of-practice in large urban traffic simulation.

o Identify the needs and requirements for a metro wide simulation model in the context of the
Twin Cities metropolitan region.

e Compile a review of currently available commercial simulation packages, focusing on features
and data requirements.

o |dentify the quality and quantity of available data required for the development of a metro-wide
simulation model.

o Identify the general steps needed to develop a metro wide simulation model as well as a
methodology for its use and maintenance.

Information Acquisition

In researching metro-wide simulation projects carried out by other local and regional organizations, the
lack of published literature proved to be a significant obstacle. In most cases, such projects are seen as
“practical” and lacking in larger scientific significance, so very few papers are devoted to the subject. To
be clear, this is not true of the methodologies underlying the construction and calibration of large or
metro-wide simulation models; the latter topic has generated great scientific interest, resulting in an
extensive body of literature. The task at hand, however, was focused on implementation rather than on
design principles, and issues of data availability, application scalability, and cost were of primary
importance.

Information acquisition activities included:
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Literature search for published papers or reports.

2. Communication with major developers of simulation applications to request examples and
permission to communicate with clients for detailed information.

3. Based on information from developers, communication with project contractors, client agencies,

or both.

In the main body of this report, 18 projects are presented, along with details of data used, methodologies
followed, and outcomes and costs where such information was available.

Stakeholder Interviews
To identify the specific requirements for a simulation system to serve the Twin Cities metropolitan
region, the research team conducted a series of stakeholder interviews including representatives of the
following groups:

Metropolitan Council planners

City of Minneapolis traffic engineers

Minnesota’s Federal Highway System (FHWA) representative

Minnesota Department of Transportation (Mn/DOT) Regional Traffic Management Center traffic

engineers

Hennepin County and related cities’ traffic engineers

Mn/DOT planning group and related consultants

Metro Transit engineers and analysts

These interviews focused on stakeholder needs in terms of the projects and tasks they currently undertake,
desires for better methodologies and results if a hypothetical model were available, and types of data they
have or know that are available.

Overview of Commercial Applications

Having evaluated the current state of the practice regarding large-scale urban simulation models,
identified the needs of stakeholders, and determined what data were available, the research team created a
summary of the relevant features of five commercially available simulation packages and one package
supported by the Federal Highway Administration. This summary highlighted the capabilities of various
packages, and focused on the ability of each package to integrate strategic planning and operational
simulation functions. It should be noted that the information contained in this report is based in large part
on information received from developers; considering the complexity of these software applications, it is
not possible to verify all features and capabilities outside of the specific aspects deemed important for the
development of a metro-wide simulation model.

The simulation packages examined in this report are:

PTV Vision (Visum / Vissim)
Transmodeler (TransCad / TransModeler)
CUBE (Voyager / DynaSim)

AimSun (Emme2 / AimSun2)

Paramics (Estimator / Modeler)
DynaSmart-P
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For the benefit of readers not familiar with the theories and modeling assumptions underlying applications
of this type, a brief discussion of different modeling approaches is included.

Functionality and Data Requirements
The common factor connecting all large urban area traffic simulation efforts presented in this report is a
close relationship with the regional travel demand model. Specifically, in all cases the foundational data



set (apart from the geometry of transportation networks) was the daily or peak-period origin/destination
(O/D) matrices produced by the planning model. Indeed, this connection was so important that in several
cases it determined the success or failure of the project. As the research team examined the various
projects an evolution became evident: although the planning models and the microscopic simulation
models began as two completely separate applications, the latter’s dependence on O/D information
prompted an integration of the two applications into one larger framework. The results of this evolution
are clearly seen in the analysis current commercial applications: the largest commercial developers offer
simulation packages containing modules that cover two or more levels of modeling resolution.

The research team made an assessment of several types of currently available information comprising the
“building blocks” of a traffic simulation model: geometry; demand; control; and calibration data. This
assessment moved from two opposite directions having the knowledge of the type, format, quantity of
local data as well as the individual simulation application needs for specific data types, format, and
resolution. Based on this final analysis, the research team was instructed by the Technical Advisory Panel
to avoid selecting a specific commercial product and proposing the best course of development; instead,
the team was charged with proposing the best general methodology to be followed. Indeed, it had become
evident from the information collected that matching the scarce data resources currently available in the
Twin Cities region with the input requirements of any of the applications evaluated in this study would be
challenging. Accordingly, the research team believes that the best course of action is to use a new
approach described in this report.

Proposed Approach

In this report, the research team asserts that the most appropriate approach to developing a metro-wide
simulation capability for the Twin Cities region would be to employ a hybrid mesoscopic/microscopic
simulation application featuring close integration with a macroscopic planning model. This modeling
framework would provide users with an integrated set of modeling tools for complete corridor analysis. In
use, this application would start at a high level with regional travel demand (based on the established
four-step process) to provide a primary set of O/D matrices. These matrices would be further refined and
adjusted, using additional information to estimate peak spreading and adjusting for shorter time intervals
from available link flow counts. The refined O/D matrices would be input into dynamic models at meso-
and/or micro-scales, depending on the needs of the users, along with the specifications of management
strategies to be evaluated according to selected performance measures.

The use of a balanced meso/micro approach is believed to be the best course of action based on the
availability of data for the Twin Cities region. Specifically, the availability of traffic measurements on
freeways has been proven to produce high-quality simulation models. The only questionable assumption
in freeway simulation has been the definition of demand (ramp entrance and exit volumes). Even in the
case of ramp metering, which is known to affect route choice, all modeling efforts have assumed no
diversion strategy both in evaluation projects and as regular freeway improvement projects. This flaw
could be partially alleviated by the use of mesoscopic simulation for the arterial system. Enough
information exists to construct an efficient and relatively accurate mesoscopic model for the Twin Cities’
arterial system. The research team is confident that such a model would equal or exceed the accuracy of
the macroscopic regional planning model. The development of a mesoscopic model would entail an
upgrade of the macroscopic model, bringing higher levels of efficiency and utility to the modeling
process. The benefits of a hybrid meso/micro simulation approach are presented by example in this report.

Conclusions

The research activities presented in this report covered a lot of ground: from a detailed examination of the
state of the practice in large urban simulation projects around the world, to interviews with local
stakeholders, and a thorough examination of the capabilities of currently available simulation packages.



Although some non-commercial simulators were examined, the research team does not believe it prudent
to make such an investment in simulation without professional support and model evolution.

Leaving aside considerations of data availability, a micro-simulation approach would have been the best
possible solution. Current micro-simulation packages are fast, and can handle very large models without
difficulty. Unfortunately, the lack of suitable data for the greater part of the road network precludes such
an approach. Taking data availability into account, the hybrid mesoscopic/microscopic approach
described in this report has been identified as optimal. This methodology, although relatively novel, has
been thoroughly discussed in the relevant literature and rests on a firm theoretical foundation. This report
contains enough information to justify the research team’s recommendation, but also provides details
necessary to develop more traditional approaches. It is the hope of the research team that local
stakeholders and decisionmakers find this report helpful, both today and in the future.





