
Safety Impacts of Variable Speed Limit 
Advisories on the I-94 Commons High 
Crash Area
What Was the Need?
The I-94 commons area in downtown Minneapolis pre-
sents a unique safety challenge. The 1.4 miles westbound 
between 11th Avenue and the Lowry Hill Tunnel experi-
ence the highest crash rate in the state: 4.81 crashes per 
million vehicle miles, or roughly one crash every other 
day. The corridor has two significant bottlenecks with 
about five hours of congestion per day during the after-
noon rush alone.

One experimental approach to improving safety and 
alleviating congestion—particularly in areas such as the 
I-94 commons that have no room for expansion—is the 
variable speed limit system, which displays advisory speed 
limits on changeable message signs in response to varying 
traffic conditions. As vehicles approach the commons, the 
system measures speeds at the bottlenecks and, if traffic is 
too slow, can transmit a command to display reduced ad-
visory speeds to drivers up to 1.5 miles upstream from the 
slowdown. While VSLs in some states are enforceable, the I-94 system does not change 
the legal speed limit.

In theory, speed reductions prompted by these advisory signs should reduce the num-
ber of shockwaves, where a high-speed vehicle has to brake as it meets slower traffic 
ahead, causing a wave of reduced speed to travel upstream as other high-speed vehicles 
behind have to brake as well. However because the system is experimental, MnDOT 
needed to monitor its impact and quantify its benefits.

What Was Our Goal?
The goal of this project was to evaluate the impact of automated VSLs on safety in the 
I-94 commons area.

What Did We Do?
Researchers collected data for this project using the University of Minnesota I-94 Field 
Laboratory, which consists of a set of permanently deployed video cameras and machine 
vision sensors—cameras that can be positioned as needed to track the speeds of indi-
vidual vehicles—at three locations. 

Researchers studied video collected between 10 a.m. and 8 p.m. every weekday dur-
ing three periods: “Long Before” activation of the VSL in 2008; “Before” activation from 
April through Sept. 27, 2012; and “After” activation from Sept. 28, 2012, through fall 
2013. This data was supplemented by loop detector volume and speed data, VSL actua-
tion details and crash records.

Researchers used three methods to evaluate the VSL system’s safety impact on the I-94 
high crash area:

• Directly identified crashes and near crashes in video footage.
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•  Used machine vision sensor data and VSL actuation records to describe shockwave 
characteristics.

•  Examined the first three shockwaves of each day using data from machine vision sen-
sors and VSL actuation records.

They also extrapolated the trajectory of vehicles involved in crashes and near crashes to 
determine if they passed VSL gantries while advisory limits were displayed.

What Did We Learn?
This research suggested little change in driver behavior and vehicle speeds due to the 
VSL system:

•  The total rate of crashes and near crashes per million vehicles traveled decreased 
slightly from the Before period to the After period, from 116 to 107. However, the Be-
fore period did not include any winter months; excluding these months from the After 
set caused the rate to increase to 132 incidents per million vehicles traveled. 

•  Loop machine vision sensor data did not show a change in shockwave activity or 
propagation speed in the Before and After data sets.

•  Video analysis suggested some impact on shockwave generation patterns. After activa-
tion, the first shockwave was more likely to happen early in the day, and the second 
and third shockwaves were more likely to follow within five to 10 minutes.

About 39 percent of vehicles involved in crashes or near crashes received instruction 
from a VSL sign immediately upstream of the incident location.

What’s Next?
The I-94 commons poses challenges for traffic flow and safety because of its high traffic 
levels and limited room for expansion. This research suggests that the current VSL sys-
tem—designed to warn motorists of slowed or stopped traffic ahead—is inadequate for 
reducing collision rates in this complex corridor. A new project is starting this year to 
develop and deploy a queue warning system specifically for this high crash rate location. 

The University of Minnesota is also studying the impact of lane control signals, another 
aspect of the Active Traffic Management system used to direct traffic to a clear lane after 
a collision has occurred. Another safety study will investigate the combined effect of the 
system and geometric improvements.

This research suggests that wider implementation of VSLs may not be justified until 
MnDOT more fully understands how to use it to produce positive impacts.
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The I-94 commons area has a major bottleneck where the I-35W northbound ramp merges with 
I-94 westbound (between Cedar Avenue and 11th Avenue). Vertical red lines indicate locations of 
gantries that display VSL advisories.

“I-94 in downtown 
Minneapolis has been 
one of the highest crash 
locations in the state for a 
long time. We wanted to 
improve these conditions 
by using variable speed 
limits, a new technology 
that very few places in the 
world have tested.”

—John Hourdos,
Director, Minnesota Traffic 
Observatory, University 
of Minnesota

“We’ve deployed the Active 
Traffic Management 
system, which includes 
variable speed limits, on 
I-35W and I-94. Since it’s 
a new, experimental 
system, we wanted to 
continue to monitor and 
quantify its benefits and 
look at opportunities for 
improvements.”

—Brian Kary,
MnDOT Freeway 
Operations Engineer
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