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Policy & Planning
Minnesota cities classified in trade-center hierarchy
A recent project sponsored by the Center for Urban and Regional Affairs (CURA) outlined the economic vitality of Minnesota cities outside the
seven-county metropolitan area. The project builds on a CURA study that classified the cities of Greater Minnesota into a trade-center hierarchy
in the 1960s. The hierarchy—updated in 1990 and again in 1999—organizes cities into trade-center levels based on the number of goods and
services available to consumers.

In this project, CURA associate director William Craig partnered with Bruce Schwartau, associate professor at the University of Minnesota’s
Extension Center for Community Vitality, to update the hierarchy using data from 2009. They also tested the use of sales tax data, a simpler
and less costly approach than previous study methods, to determine the trade-center level of Minnesota cities.

Before completing the update, the researchers examined the relationship between taxable retail and service sales data and the 1990 and 1999
trade-center study findings. Their goal was to determine whether sales tax data could be used to classify cities—a strategy that would reduce
the effort and cost of the project by using information readily available from the Minnesota Department of Revenue.

Results indicated that taxable retail and service sales were a good measure of trade-center level, with strong connections between sales tax
data and the findings of both previous updates. These positive results prompted Craig and Schwartau to use this sales-tax-based approach to
determine the 2009 trade-center level for 48 Minnesota cities. 

Overall findings of the update indicate that the Minnesota trade-center hierarchy is top heavy, with the largest four cities accounting for more
than 25 percent of all sales in the 80 counties of Greater Minnesota. The researchers also found size to be a major determinant of growth rate,
with bigger cities often growing faster than others. Findings also suggest that cities with a recreation base have an advantage—they often
experience higher growth than other cities in the same trade-center level. On the other hand, smaller cities located near a larger one are at a
disadvantage, often performing lower than other cities in their level. Residents may drive to a nearby larger city if it offers more options and
lower prices, the researchers say.

Craig and Schwartau recommend that studies like this continue to be conducted once every 10 years to provide a statewide perspective on
trade-center hierarchy. The study has implications for the state highway network as well as public and private policy decisions. According to the
researchers, the data can also be used to help individual struggling cities evaluate their economic activity and seek available help.

Adapted from a report published in the Fall/Winter 2011 issue of the CURA Reporter.

Intelligent Transportation Systems
Enhanced snow simulation system aims to improve safety
Researchers at the University of Minnesota Duluth have completed the second year of work on a snow simulation system that will help
researchers develop solutions to improve traveler safety in winter conditions. The simulation system, which displays millions of snow particles in
a realistic virtual environment, will ultimately be used to help researchers test color and lighting configurations for snowplows.

Peter Willemsen, associate professor of computer science, says these tests will allow researchers to design configurations that increase a
driver’s ability to perceive and safely follow snowplows. In the most recent phase of the project, Willemsen and his team have made refinements
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to the snow simulation system and created a roadway model that will be used in a future driving
simulation. The project was funded by the ITS Institute through the Northland Advanced Transportation
Systems Research Laboratory.

In the first year of the project, the research team focused on developing the simulation system, which
is capable of rendering up to three million snow particles in a virtual environment. The system is
unique because it computes each particle of snow individually, Willemsen says. This allows the system
to accurately reproduce the effects of wind, light, and other factors on each particle—creating a more
realistic overall environment. Researchers also constructed a three-dimensional (3D) model of a
snowplow for use in the driving simulation.

The second phase of the project focused mainly on improvements to the existing model, including how
the snow particles reflect the plow’s rear lights and the overall visual rendering of the scene. The team
also enhanced the system’s ability to create the effect of snow falling in the far distance and

constructed a 3D roadway model for future use in a virtual driving simulation.

The researchers also have completed preliminary tests to evaluate the system’s effectiveness. Initial results indicate that this framework is a
valid method for testing driver perception of a plow’s speed and motion, Willemsen says. Future work will combine the 3D snowplow, 3D
roadway model, and snow simulation system into a simple virtual driving environment. The researchers then plan to conduct more sophisticated
experiments investigating specific lighting configurations.

A final report on the project, Snow Rendering for Interactive Snowplow Simulation—Supporting Safety in Snowplow Design (CTS 11-23), is
available on the ITS Institute website.

Transportation & the Environment
Improving soil infiltration in urban developments

A collaborative research effort between the University of Minnesota and the Three Rivers Park District is
developing methods to return the water cycle to its pre-development state—an important step in
building more sustainable cities.

Impervious surfaces in a typical urban development result in more than 50 percent of rainfall becoming
surface runoff. This increases the risk of flash flooding and can alter the temperature and aquatic
habitat in streams. In addition, roads and parking lots are full of contaminants that are picked up and
transported into lakes and rivers by runoff. Implementing strategies that allow more rainwater to
infiltrate the ground, such as pervious pavements and rain gardens, can help mitigate the effects of
this runoff.

In this study, civil engineering professor John Gulliver and former graduate student Nick Olson
demonstrated that tilling and adding compost to the soil can also substantially increase infiltration in
developed areas. Their research was supported by the Center for Urban and Regional Affairs, the

Minnesota Pollution Control Agency (MPCA), and the Three Rivers Park District.

During a development project, traffic from heavy equipment can compact the soil. In many cases, tremendous amounts of force are also used to
shape and stabilize a site for development. As the soil is compacted, the space between soil particles is reduced, resulting in a loss of
permeability and a reduction in the ability of the soil to transport water. Tilling helps loosen this compacted soil, and adding compost reduces
density and improves the soil's water-holding capacity.

Gulliver and Olson selected French Regional Park, Lake Minnetonka Regional Park, and Maple Lakes Park as testing sites. They then subdivided
the area at each site with the most compacted soil into three plots: a tilled plot, a tilled plot with compost added, and a control plot for
comparison. All three plots were leveled and seeded with a mix of grasses. The researchers measured the ability of water to infiltrate the soil
using a Modified Philip-Dunne Infiltrometer.

During the following two summers, more than 2,000 follow-up measurements were made in approximately 30 locations on each plot to
determine the relative effectiveness of the two treatment approaches in improving soil permeability and infiltration.

The researchers found that deep tillage alone did not effectively improve the infiltration capacity of the soil at French Regional Park and Lake
Minnetonka Regional Park. Because neither of these sites had been recently disturbed by development, the researchers suggest that tilling may
actually have decreased infiltration capacity by damaging the natural pathways of the soil, such as decaying roots, earthworm tunnels, and
layers of sand and gravel.

However, at Maple Lakes Park, deep tillage was effective in improving infiltration capacity—the permeability of the soil in the till plot was
approximately twice that of the control plot. Maple Lakes Park is a newly developed site, and its soil may not have had a well-developed network
of connected pathways.

Overall results indicated that deep tillage with the addition of compost was the most effective soil-remediation technique. At most sites, the
permeability of the tillage-plus-compost plots was approximately three to six times that of the control plots. In addition, the mean permeability
was always higher on the tillage-plus-compost plots than it was on the control or till-only plots measured at the same time.

Currently, the researchers are working with the MPCA to incorporate turf management into their Stormwater Best Management Practices Manual
and the Minimal Impact Design Standards project.

Adapted from a report published in the Fall/Winter 2011 issue of the CURA Reporter.

Transit,  Bicycling, and Walking
Researchers design new tools to improve transit workforce planning
Optimizing the efficiency of the transit workforce is a challenging task, mainly because the demand for bus service varies depending on the day,
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time, and season. Because of this variability, a portion of Metro Transit bus drivers serve as extraboard drivers—full-time drivers who are not
assigned regular schedules beforehand but cover open work as it becomes available.

A team of researchers from the Department of Industrial and Systems Engineering (ISyE) has developed a set of tools to help Metro Transit find
the right balance between the use of extraboard drivers and scheduling regular drivers to work overtime. The tools, which include performance
measures and mathematical models, were designed to help Metro Transit monitor and improve the overall efficiency of its driver workforce.

Led by ISyE professor Diwakar Gupta, the research team included graduate student Fei Li and visiting professor Nigel Wilson from the
Massachusetts Institute of Technology. The study was performed in collaboration with Metro Transit and funded by the Center for Urban and
Regional Affairs and CTS.

To develop the new tools, the research team used Metro Transit datasets from 2008–2010 containing information on extraboard drivers at the
agency’s five garages. After examining the data, the team discovered that the traditional performance metric—measuring extraboard driver
utilization—did not accurately reflect workforce efficiency.

Instead, the team suggested a set of four new performance measures to determine efficiency and support improved planning: the ratio of
available extraboard driver work time to the amount of open work, the mean cost per hour of open work, overtime as a fraction of total open
work, and the ratio of open work covered by extraboard drivers to the amount of regular-time extraboard driver work.

The researchers then considered the cost and reliability tradeoffs of using extraboard drivers. Without them, Metro Transit would have higher
overtime costs and possibly more unreliable service, depending on the availability of regular drivers to work extra hours. However, the added
reliability of extraboard drivers comes with a cost: drivers are guaranteed full pay for their shifts, even though a large portion of their time may
be spent waiting for assignments.

The team also developed two algorithms to assign work and determine the most efficient shift start times for extraboard drivers. The model is
capable of making both advanced and same-day assignments. On average, the researchers found that using the algorithms could reduce the
overtime use at a large garage by up to 22 percent, with a reduction of around 7 percent at a smaller garage.

Overall study results indicate that a greater reliance on overtime might be more efficient, but the researchers say that a more in-depth study is
needed. Future work could also pursue data-driven optimization models to help transit agencies make workforce-planning decisions. According
to the researchers, these models could be embedded in existing commercial software that is already used to make driver assignments.

Adapted from a report published in the Fall/Winter 2011 issue of the CURA Reporter. 

Buses use wireless communication to move forward
U.S. streets and highways are becoming increasingly congested as the country’s population expands
and more cars enter the transportation system. According to recent University of Minnesota field tests,
providing signal priority to buses could help improve the quality and reliability of transit services.

Originally designed to help emergency vehicles move through intersections without stopping, traditional
transit signal priority (TSP) systems send a signal request when a designated vehicle is detected a
certain distance away from an intersection. With funding from the Intelligent Transportation Systems
Institute, researchers are working to adapt these systems so that public transit buses can use them to
complete their routes more efficiently.

Minnesota Traffic Observatory senior systems engineer Chen-Fu Liao and civil engineering professor
Gary Davis recently tested their improvements along Central Avenue in Minneapolis. Overall results
showed a 3 to 6 percent reduction in bus route travel time.

As part of the Urban Partnership Agreement, the Metropolitan Council joined with the Minnesota Department of Transportation and the City of
Minneapolis to implement TSP along Central Avenue in Minneapolis. The project’s objective was to field test a previously developed wireless-
based TSP strategy that considers bus schedule adherence, location, and speed.

The University of Minnesota (UMN) TSP system seeks to take advantage of existing onboard equipment and roadside infrastructure to enable
buses to request priority from an intersection signal based on their readiness to move forward. Liao and Davis conducted field experiments of
the system for two weeks on four Route 10 buses. The route runs from north of Minneapolis to south of I-694 and has a total of 27
intersections.

The researchers evaluated the effectiveness of transit performance before and after the deployment of the new TSP strategy, comparing travel
time data for buses equipped with the UMN TSP system with other Route 10 buses. The results indicated the UMN TSP algorithm reduced travel
time by an additional 3 to 6 percent during the two-week test period.

In future work, the researchers hope to use a data processing framework to generate suggestions for TSP deployment in their ongoing
collaboration with Metro Transit. The framework could be used to develop operation, scheduling, and planning support.

A final report on the project, Field Testing and Evaluation of a Wireless-Based Transit Signal Priority System (CTS 11-25), is available on the ITS
website.

Upcoming Events
February 21
CTS Research Seminar: Economic and Environmental Costs and Benefits of Living Snow Fences, 8:45 a.m. - 9:45 a.m., Walter Library,
University of Minnesota, Minneapolis, MN

April 24-26
National Transportation Workforce Summit, Washington, D.C.

April 29-May 1
IBTTA Symposium on Mileage-Based User Fees and Transportation Finance Summit, Jersey City, New Jersey



May 23-24
23rd Annual CTS Transportation Research Conference, Saint Paul RiverCentre, St. Paul, MN

 


