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Executive Summary

This study examined the causes of crashes along higher speed roads. Many fatal or incapacitating
pedestrian and bicycle crashes in Michigan have occurred on higher speed corridors with a speed
limit of 45 mph or higher and a high proportion of these crashes occurred at night. AASHTO
defines a higher speed road as having speeds greater than or equal to 50 mph. However, from the
perspective of pedestrian and bicyclist safety, 45 mph would be considered a higher speed road.
Therefore, we included corridors with a 45 mph speed limit or higher. The high percentage of fatal
crashes is not surprising given the combination of higher speeds and poor nighttime
visibility. Most of these crashes occurred on urban roads given the higher exposure of pedestrians
and bicyclists. These data are in accord with other studies. For example, Eluru, Bhat, and Hensher
(2008) found that pedestrian and bicycle severity was greater on higher speed roads and at night.

Chapter 2 of this report reviewed the literature on pedestrian and bicycle crash countermeasures
and placed the highest weight on crash modification factors. The review relied heavily on the
FHWA Crash Modification Factors Clearinghouse, and many of the countermeasures have data
from the clearinghouse that provides information on alternative treatments or modifications to
some countermeasures based on local application. The clearinghouse also provides direct access
to studies that analyze the results of the countermeasure and many of these were examined in our
review. The research team also placed a high weight on the revised star rating for each of the Crash
Reduction Factors (CRF). However, because of the difficulty involved in controlling all the
variables in crash studies and the smaller number of cases involved in pedestrian and bicycle
crashes, there is a great deal of variability in the results of crash analysis studies. After identifying
proven countermeasures, each countermeasure was examined regarding whether it was suited for
application on higher speed roads. Potential countermeasures were examined for application at
traffic signals, at uncontrolled intersections and midblock locations. Corridor wide improvements,
countermeasures for reducing speeding and countermeasures for improving lighting were also
carefully explored.

Chapter 3 reviewed the non-motorized treatments for use on high-speed roads adopted by
Michigan and its neighboring states. This examination focused on states with a similar climate.
There was a high degree of similarity observed in policies adopted by each of these states that were
primarily in accord with federal guidelines and past research. Most state practices reviewed in this
chapter had similar standards and guidelines for implementing pedestrian treatments on higher-
speed roads. For instance, for higher speeds (45 mph or more) and high volumes crossing locations,
most states consider implementing treatments that force drivers to stop for pedestrians. These
treatments include the use of traffic signals, Pedestrian Hybrid Beacon (PHB), or grade separation.
Most previous studies on pedestrian treatments on high-speed roads are based on the Rectangular
Rapid Flashing Beacon (RRFB) and PHB showing that these treatments are effective on those
roads.

Chapter 4 identified high crash locations, from statewide crash data recorded between the
beginning of 2009 the end of 2020. These data were analyzed by severity, area type (rural vs
urban), lighting conditions, and location of crash (intersection vs midblock). Pedestrian crashes
and bicycle crashes were analyzed separately. Higher speed roads were classified at roads with a
speed limit of 45 mph or more, but did not include freeways. Heat maps were generated using



ArcGIS software, followed by identification of high-crash sites. The following sections present
the findings of crash analysis and selection of high-crash sites. Most crashes along higher speed
roads occurred in clusters along corridors where these roads transitioned through urban and
suburban locations. The risk of daytime and nighttime crashes also varied across these sites.
Examining crashes that involved a fatality (K) or an incapacitating injury (A) or K&A crashes at
each site revealed that 70% occurred at night.

Specific crash patterns were observed at many of these sites. Rural crash locations were more
randomly distributed and only occurred in clusters at locations where the speed limit was reduced
where a higher speed road traversed a small town, village, or city. It was also the case that the
percentage of K&A crashes were much higher on the higher speed roads for both pedestrian and
bicycle crashes and the percentage of crashes that occurred at night increased with increasing speed
limit.

The site visits allowed the research team to determine factors related to each crash and the types
of countermeasures that would likely be effective. The WMU team visited crash sites with the
police crash report (UD-10 Traffic Crash Report) using the police narrative and crash diagram
section of the the report to determine the exact location and cause of each day and night crash. The
percentage of K&A crashes at these 9 sites that occurred at night averaged 69.5% with a range of
40% to 100%. More than half the K&A crashes occurred at night at all but one of the sites. If most
crashes occurred at night the team visited the crash sites one hour or more after sundown and
measured lighting levels using a Konica Minolta T-10A Illuminance Meter to measure the light
intensity in Lux. Federal Highway studies indicate that 25 Lux is a good level of illumination to
see a pedestrian crossing at night. Based on the crash diagram and narrative the light level reading
was taken at the approximate vicinity of each crash. The team also examined all crash sites during
the daytime to better determine the presence of engineering features at each site, such as lane
width, type of crosswalk marking, curb turning radii, and presence or absence of any crash
countermeasures that might influence the presence of a crash.

At many high crash corridors there were no bicycle facilities, few opportunities to cross in a
marked crosswalk. Another important variable was poor corridor lighting along many of the high
crash corridors. One surprising finding was the low level of lighting (essentially dark) at many of
the night crash sites classified as lighted. Visiting the sites also allowed the team to view
pedestrians and bicyclists and observe their behavior. At many of the sites with poor lighting
pedestrians and bicyclists appeared as shadowy figures. Light levels at these sites were extremely
low with light readings of between 0.1 and 5.2 Lux. In many cases the legacy light sources were
on low light posts, or poor light sources on higher posts. At some sites where higher intensity LED
lighting was located near the crash site it was not aimed in such a manner as to illuminate the
crosswalk. In many cases the police report would mention the driver stating they did not see the
pedestrian. Regardless of potential right-of-way issues these crashes would have been less likely
during the day because the driver in many cases would have seen the pedestrian in time to avoid a
crash.

Another value of site visits was it enabled us to recommend countermeasures for each site. This
enables the research team to narrow down the number of countermeasures that were most useful
for pedestrian and bicycle crashes on higher speed roads. Countermeasures most useful for crashes



at traffic signal locations included: LED light bars installed under mast arms, LED luminaires
installed and aimed toward the crosswalk and entry locations at sites with span wires; tightening
the turning radii; installation of high visibility crosswalk markings; and adding a leading pedestrian
interval. Countermeasures most useful at unsignalized intersections and midblock crosswalks
included: Installation of a PHB or RRFB along with advance stop or yield markings; and refuge
or median islands. If an RRFB is installed adding dynamic crosswalk lighting is also
recommended. Countermeasures most useful for corridor wide improvements included: Adding
sidewalks, solar powered dynamic feedback signs; widening shoulders; and changing out legacy
street lighting to LED street lighting. MDOT needs to review whether lighting at all marked and
unmarked crosswalks locations can be considered part of the crosswalk treatment.

The last chapter of the report provides a method of using a cost benefit analysis to determine
whether to install a particular countermeasure on a higher speed road. The results show the
minimum number of non-motorized crashes that justify installation of a specific countermeasure.
In addition, a standalone analysis tool that can be used to conduct cost-benefit analysis was
developed and provided to MDOT as part of the deliverables.

Summary
The significant findings of this study were:
1. That K&A nighttime crashes were typically associated with low measured light level
reading.
2. That whether the crash site was scored on the UD-10 Police Crash Report as lighted or
unlighted may be an unreliable indicator of lighting at the crash site.
3. Thata limited number of countermeasures were appropriate for application to higher speed
roads and likely most effective in reducing crashes.
4. That many of the countermeasures identified as potentially effective were low or medium
cost.
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1 INTRODUCTION

Over the period from 2009 to 2018, pedestrian fatalities increased by 53%, from 4,109 to 6,283
(National Center for Statistics and Analysis, 2019; Schneider, 2020; Webb, 2019) with the
proportion of traffic deaths involving pedestrians increasing by nearly 50%. NHTSA estimated
that 7,342 pedestrians were killed in traffic fatalities in 2021, a 13% increase over the 2020s
already historically high number. Pedestrian fatalities have risen since their lowest level in 2009
at 4,092. The analysis of FARS data show that most of these increases occurred at night on urban
arterials and collector roads (Tefft, Arnold, & Horrey (2021); Hu, & Cicchino, (2018). This
increase in the proportion pedestrian fatalities was the largest increase among 30 countries studied
by the International Transport Forum (International Transport Forum, 2019). A recent analysis
indicates that 90% of the increase in US pedestrian deaths from 2008 to 2017 occurred at night.
According to NHTSA, on average about 72% of pedestrian fatalities recorded between 2011 and
2020 occurred after dark nationally; in Michigan the estimate is 73%. Also, 51% of pedalcyclist
fatalities occurred at night nationally; in Michigan the estimate is 56%. However, these statistics
are even more severe when considering the fact that only about 25% of all traffic volumes occurs
after dark. This means that during the nighttime, when the least number of vehicles are on the road,
the greatest number of pedestrians are killed in crashes. This shows a heightened need to add or
improve safety measures to protect areas of roadway traffic with high pedestrian volume,
especially after dark. Many fatal or incapacitating pedestrian and bicycle crashes in Michigan have
occurred on higher speed corridors with a speed limit of 45 mph or higher. AASHTO defines a
higher speed road as having speeds greater than or equal to 50 mph. However, from the perspective
of pedestrian and bicyclist safety, 45 mph would be considered a higher speed road. Therefore, we
included corridors with a 45 mph speed limit or higher. In the past 10 years there were 772 fatal
pedestrian crashes on higher speed corridors in Michigan. The majority of these crashes occurred
during night conditions (83%). Incapacitating crashes also occurred more often at night along these
corridors (65%). Most of these crashes occurred on urban roads (71%). Sixty one percent of
bicycle fatal crashes in Michigan occurred on higher speed roads and forty nine percent of these
crashes occurred at night.

These data are in accord with other studies. For example, Eluru, Bhat, and Hensher (2008) found
that pedestrian and bicycle severity was greater on higher speed roads and at night. They also
found that crashes were more severe at traffic signals than at other locations. More specifically,
Haleem and Abdel-Aty (2010) found that lower speed limits (less than 45 mph) reduced the
probability of a fatal bicycle when compared to greater than 45 mph. In most studies, high vehicle
speed also increases the frequency and severity of crashes involving pedestrians (Lee et al.,
2005; Zegeer et al., 2006; Chimba et al.,2014; Garder, 2004; Sandt, Zegeer, & Martin, 2006;
McMahon et al., 1999; Poch and Mannering, 1996). Most of these studies used the speed limit
of the target zone as a predictor variable because it was easy to collect the data. However,
Zegeer et al. (2006) collected the 85" percentile vehicle speed.

Studies have also revealed that drivers cannot see and react in time to a dark clad pedestrian if they
were driving over 30 mph. Compounding this problem is the fact that pedestrians overestimate
their own visibility because: 1. The pedestrian is adapted to a relatively low ambient illumination
level; and facing the glare of the oncoming headlights the pedestrian may be unable to appreciate
how difficult the driver’s detection task is, and may be convinced that he or she is visible. Data
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show that 95% of pedestrians in testing situations indeed overestimate their visibility (Allen,
Hazlett, Tacker, & Graham, 1968). Preliminary data show that pedestrians can learn to accurately
estimate their visibility through education programs (Tyrrell, & Patton, 2000). Another approach

IS to increase pedestrian visibility in crosswalks. New LED lighting devices provide improved
tools for improving lighting.
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2 LITERATURE REVIEW OF CRASH COUNTERMEASURES

Crash countermeasures are continually under development. Effectiveness of many of these
countermeasures often are expressed using surrogate data on safety, including observed yielding
by motorists to pedestrians, or measured compliance with traffic safety laws such as safe passing
of cyclists, reductions in speed, or other operational characteristics that have the potential to
improve safety. One of the best validated surrogate measures is the occurrence of near crashes or
conflicts. Examples of this type of measure are evasive actions and the time interval between the
evasive maneuver and the evaded crash. The best approach is to examine the relationship between
a countermeasure and crashes. Crash modification factors examine the relationship between
crashes and the presence of the countermeasure. The major difficulty in obtaining crash
countermeasure or crash modification factors for crashes involving pedestrians and cyclists is the
sample size and adequate control of the presence or absence of the countermeasure.

In 2009, the FHWA launched the Crash Modification Factors Clearinghouse, an online repository
and search tool designed to provide access to studies that have been published on various types of
improvements intended to reduce crashes. Many of the countermeasures discussed below have
data from the clearinghouse that provides information on alternative treatments or modifications
to some countermeasures based on local application.

The clearinghouse also provides direct access to studies that analyze the results of the
countermeasure. These are provided with a confidence level or star rating, as many of the papers
are independently prepared and may not have been peer-reviewed. Because the star ratings system
in the clearinghouse has been revised, each Crash Reduction Factor (CRF) shown below indicates
the revised star rating.

Because of the difficulty involved in controlling all the variables in crash studies and the smaller
number of cases involved in pedestrian and bicycle crashes, there is a great deal of variability in
the results of crash analysis studies. Another factor contributing to the high level of variability for
newer devices is the amount of outreach activity and the number of installations in the area being
evaluated. These factors should be considered when using these indices.

The countermeasures that are discussed below have shown potential to reduce the occurrence of
pedestrian and/or bicycle crashes. Appendix 9.1 shows photos of sample countermeasures.
Countermeasures are presented in the following categories:

. Intersection Improvements, Signalized and Unsignalized
. Speed Reductions

. Roadway Improvements

. Lighting

2.1 Signalized Intersection Improvements

2.1.1 Advance Stop Line

Advanced placement of the stop line from 4 ft to 20 ft can increase the distance drivers stop before
the crosswalk and reduce the percentage of drivers stopping in the crosswalk from 25% to 7%
(Retting and Van Houten, 2000). This treatment was also associated with an increase of 0.7 s in
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the elapsed time between the start of the green signal phase and the lead vehicle entering the
intersection. The use of advance or offset stop lines can reduce conflicts between vehicles turning
right on red and pedestrians because it increases the sight distance of drivers turning right on red
who make a full stop behind the line (Zegeer and Cynecki, 1986).

Effectiveness

This intervention does not have a crash modification factor. While anecdotal evidence suggests
this is a promising countermeasure, no research has quantified its effectiveness for pedestrians or
bicyclists.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD (Can reduce serious crashes on
multilane roads)

2.1.2 Leading Pedestrian Interval

A leading pedestrian interval (LPI) provides pedestrians with the walk signal prior to parallel
traffic getting the green signal. This allows pedestrians to enter the crosswalk before left turning
vehicles, and before right turn vehicles if right turns on red is prohibited. In the U.S., 20% of
pedestrian crashes involve vehicles turning right at signalized intersections. The largest proportion
of these crashes (60%) involves faster, left-turning vehicles. Van Houten, Retting, Farmer, Van
Houten, & Malenfant (1999) found that a leading pedestrian phase reduces conflicts between
turning vehicles and pedestrians, the driver, the pedestrian or both to take evasive action to avoid
a crash. It also has been shown to reduce crashes between turning vehicles in a number of studies
listed in the Crash Modification Factors Clearinghouse.

Effectiveness

The LPI is associated with pedestrian CRFs of 13% to 19% (5 Star Ratings) 8.8, 9, 10 and 58.7%
(4 Star Ratings) and 46% (3 Star Rating). Because of the low cost and the high energy involved in
left turns this intervention should prove very cost effective.

Implementation and Operational Considerations
e Planning Time: Medium: Developing a timing plan typically tops out at ~30 hours
but adding timing to pedestrian signals may be less complex than a full re-timing.
e Build Time: Short (Less than 1 week).
e Applicability to Higher Speed Roads: GOOD (suburban applications with
pedestrian demand)

2.1.3 Countdown Signals

Pedestrian countdown signals display how much time is available to cross. One study conducted
in Michigan showed that pedestrians can estimate how much time they need to cross based on the
countdown timer indication (Van Houten et.al. (2015). Therefore, it is not surprising that they
increase the percentage of pedestrians crossing before the end of the countdown interval.
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Pedestrian countdown signals are required anywhere a pedestrian signal is used whenever new
signals are installed or existing signals are replaced per the Michigan Manual on Uniform Traffic
Control Devices (MUTCD).

Effectiveness

Ten studies have examined the effects of adding pedestrian countdown timers to pedestrian signals.
All 10 studies have a Star Rating of 2. The mean CRF for these studies is 2.4%. However, one
higher quality study (Star Rating of 4) shows a CRF of 8.8%. Two other studies with a 3 Star
Rating show CRFs of 55% and 70%. From this we can conclude they have a safety benefit likely
greater than 8 perhaps much higher. One of the studies conducted in Detroit, MI had a CRF of
70% (3 Star Rating) while another site in Kalamazoo, MI had a CRF of 55% (3 Star Rating).

Implementation and Operational Considerations
e Planning Time: Change out will save on maintenance and electrical costs.
e Build Time: Change out time (Less than 1 week).
e Applicability to Higher Speed Roads: GOOD (suburban applications with
pedestrian demand)

2.1.4 Exclusive Left Turn (Leading/Lagging)

A solid green arrow indicates left turning vehicles have an exclusive phase. One can use either a
leading or a lagging exclusive pedestrian phase. It is more convenient to use a lagging exclusive
left turn phase when using a LPI and a lagging left turn phase should be considered when there is
a high number of conflicts between left turning vehicles and pedestrians because a lagging left turn
allows pedestrians to clear the crossing before left-turning vehicles begin to turn.

However, it is possible to use an LPI with a leading pedestrian phase. An exclusive left turn phase
should be considered when left-turning traffic volumes are high, and a Michigan Left is not
feasible. If used with prohibited permissive left turns, it reduces conflicts between left turns and
pedestrians. The Exclusive Left Turn phase alone did not produce a reduction in vehicle/pedestrian
crashes (Goughnour, 2018). CMF of 1 and CRF of 0.

Effectiveness

Three studies with a 4 Star Rating had showed changing a permissive left to protected left or
protected plus permissive left had CRF of -13.6% (4 Star Rating) in Chicago, 28.2% (3 Star Rating)
percent in NYC and -9.1% (4 Star Rating) combining Chicago, NYC and Toronto. Another
example of variability likely related to uncontrolled variables. At present it appears this
intervention will not improve pedestrian or bicycle safety.

Implementation and Operational Considerations
e Planning Time: Medium, requires a traffic study
e Build Time: Short
e Applicability to Higher Speed Roads: POOR, (suburban applications with pedestrian
demand)
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2.1.5 Prohibited Left Turns (Michigan Left)

Prohibiting left turns at signalized intersections and providing room for U-turns at median
crossovers is known as a Michigan Left. Michigan Lefts can be implemented on roads with a wide
center median or where the cross-street has a wide center median. This countermeasure should be
considered when there are crashes involving left-turning vehicles. This intervention can reduce
crashes involving left turning vehicles by 10%. MDOT has found that Michigan Left turns reduces
the number and severity of crashes and congestion. MDOT provides guidance on left-turn
prohibitions in the MDOT Road Design Manual.

Effectiveness

Although there is no data on the effect of MI Lefts on pedestrian crashes, logic dictates that it
should nearly eliminate left turn crashes. Since right turn crashes at signalized intersections are
less frequent and involve lower speeds then left turn crashes it is almost certain this treatment
would reduce serious pedestrian crashes.

Implementation and Operational Considerations
e Planning Time: Long planning time because it involves construction
e Build Time: Involves major construction
e Applicability to Higher Speed Roads: GOOD (suburban applications with pedestrian
demand).

2.1.6 Flashing Yellow Arrow

A flashing yellow arrow is used rather than a green ball to indicate a permissive left turn.

This signal should be considered when crash rates involving permissive left turns are high. Crash
rates at intersections where a flashing yellow arrow were found to be lower than intersection with
the conventional green ball indication, but no effects were observed for pedestrian crashes.

Effectiveness
The Flashing Yellow Arrow was not found to have an effect on vehicle pedestrian crashes. The
CMF is 1 and the CRF is 0. This study has a star rating of 2.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: POOR (since it appears to have no effect on
pedestrian crashes).

2.1.7 Turning Vehicles Yield to Pedestrians (R10-15) Sign

Many serious crashes involving pedestrians at intersections are associated with a motorist turning
left or right across the path of the pedestrian. The R10-15 sign is a low cost treatment that
communicates to drivers that turning vehicles must yield to pedestrians who are crossing. The sign
typically is installed next to the traffic signal head so that drivers see it when approaching the
intersection.
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Effectiveness

There has not been a safety evaluation of this particular sign demonstrating reductions in
pedestrian crashes, though it is often used in combination with other treatments that have proven
to be effective. However, behavior data examining evasive pedestrian and vehicle conflicts at
marked crosswalks in 12 cities (Abdulsattar, et.al., 1996) The sign was installed at 12 marked
crosswalks in two cities found a 20 to 65 percent reduction in conflicts with left turning vehicles
and a 15% to 30% in conflicts with right turning vehicles. Both of these reductions in conflicts
were statistically significant. Because left turning vehicles are faster and tend to produce more
serious crashes these results hold some promise.

Implementation and Operational Considerations
e Planning Time: Short: Identify target intersections for installation of signs.
e Build Time: Short (1-3 Days)
e Applicability to Higher Speed Roads: FAIR (since behavioral data suggest it may be
effective).

2.1.8 Right-Turn Slip Lanes

Pork chop islands are wedge-shaped islands between a right-turn lane and through lanes at an
intersection. This treatment breaks up a pedestrian crossing, making the crossing both safer and
easier and has been shown to reduce pedestrian crashes by 29%. However, it is almost certainly a
function of the turning radius of the travel lane(s). Pork chop islands should be considered at wide
intersections where channelized right turn lanes are desired, or where a large turning radius would
otherwise be required to prevent large, right-turning vehicles from encroaching on opposing traffic
lanes. Care should be taken to design the right-turn lane to encourage slow speeds and improve
visibility of crossing pedestrians by turning vehicles.

Reference Pedestrian Facilities Users Guide - Providing Safety and Mobility, p. 59

for more information.

Effectiveness
Although many papers talk about designing right-turn slip lanes with pedestrian safety in mind,
there is little data on the safety impact of such designs.

Implementation and Operational Considerations
e Planning Time: Long planning time because it involves construction.
e Build Time: Involves major construction.
e Applicability to Higher Speed Roads: POOR (May be difficult to place on existing
roadways).

2.1.9 Bicycle Signal Detection

Loop or video detectors can be used to detect and place a call for a bicyclist stopped at an
intersection or in a turn lane. Bicycle location markings and signage is often included to ensure
bicyclists are properly positioned to be detected. Conveniently located push buttons may be
substituted for automatic loop detection. Bicycle signal detection may be used wherever bicycle
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connectivity is desired across signalized intersections. Bicycle detection can reduce the motivation
for cyclists to cross against the signal and can increase cycle duration when crossing wider roads.
Guidance for installation of bike signal detection markings is provided in the AASHTO Guide for
the Development of Bicycle Facilities.

Effectiveness
There is no crash modification factor associated with this intervention.

Implementation and Operational Considerations
e Planning Time: Short if cameras are used to detect vehicles
e Build Time: Short
e Applicability to Higher Speed Roads: POOR because most urban roads do not have
bicycle facilities

2.1.10 Bicycle Signals

Bicycle signals are signals that regulate bicycle traffic flow. They can be actuated or pre-timed
and may provide an exclusive signal phase for bicyclists at an intersection. Bicycle signals may be
used in areas where bicyclists are subject to different traffic control than vehicles, such as at trail
crossings, cycle tracks, or bicycle boulevards. Bike signals are helpful to clarify the separation of
bicycle and automobile traffic, to give bicyclists a head start in mixed traffic conditions, or where
one bicycle facility transitions to another (e.g., when a shared use path transitions to an on-street
bike lane).

Guidance for installation of bike signals is provided in the NACTO Urban Bikeway Design
Guide.

Effectiveness
No crash modification factor is presently available for this treatment.

Implementation and Operational Considerations
e Planning Time: Medium
e Build Time: Medium
e Applicability to Higher Speed Roads: POOR because most higher speed roads do
not have bicycle facilities

2.1.11 Combined Bike/Turn Lanes

A combined bike/turn lane can be used where a bike lane and a right-turn lane occupy the same
space. This treatment aligns the cyclist with the left side of the lane and reduces the possibility that
a through cyclist will be stuck by a right turning vehicle. Combined bike/turn lanes should be
considered only when a right-turn lane is needed along a street with a bike lane, and there is not
enough street width to provide a separate bike lane to the left of the turn lane. Combined bike/turn
lanes help to identify the presence and riding location of a through bicyclist on the left side of the
lane. Signs help communicate the shared lane condition and instruct drivers that they shall yield
to bikes in these locations. Pavement markings denoting the shared lane condition and signs posted
“RIGHT TURN ONLY EXCEPT BIKES” or shared lane signs are posted to clarify the shared
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lane condition. Current guidance in the MUTCD suggests a lane drop resulting in a shared through
or turn lane. Combined bike/turn lanes are not yet in the MUTCD and will require FHWA approval
prior to installation. For more information, consult NACTO Urban Bikeway Design Guide.

Effectiveness
This intervention does not have a crash modification factor.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: POOR because most urban higher speed roads
do not have bicycle facilities.

2.1.12 Exclusive Pedestrian Phase

A pedestrian only phase provides time for pedestrians to cross while all vehicle movement is
stopped. This treatment allows pedestrians to walk in any direction across the intersection,
including diagonally, during an exclusive phase. Several studies document safety benefits between
7% and 66% (Jensen, 1999; Vaziri, 1989), however, an exclusive pedestrian phase has been
documented to degrade traffic flow (Kim et al., 2004). However, the use of EPP mostly beneficial
with high pedestrian exposure it may not be particularly suited to crossings on higher speed
roadways (Tian et al., 2001)

Effectiveness
The Exclusive Pedestrian Phase is associated with a CRF of 51% percent involving pedestrians.
This CRF has a star rating of 2.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short if controller has capability to add it.
e Applicability to Higher Speed Roads: POOR, (This is essentially an urban treatment
and would not have applicability to higher speed roads)

2.1.13 Prohibited or Restricted Right-Turn on Red

Right turns on red are prohibited using either regulatory signs or blank out LED signs. Right turn
on red restrictions should be implemented where right-turning vehicles are involved with free
flowing right-turn-on red crashes. Crash data show an increase in pedestrian and bicycle crashes
when right turn on red is permitted. Severity of right turn on red crashes are typically lower because
of the lower speed but increases with increasing right turn radius because of higher motor vehicle
speeds. One study that examined SHRP 2 naturalistic driving data (Wu & Xu, 20170 showed that
drivers making a right-turn-on-red have a high acceleration and a low level of observing behavior
placing pedestrians and cyclists at higher risk.

Effectiveness
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The CRF for seven studies examining the effect of installation of permitted right turn on red ranges
from 43% to 108%. These studies all have relatively low 2 star ratings. These studies suggest that
prohibiting right-turn on red would reduce crashes.

Implementation and Operational Considerations
e Planning Time: Medium: Identify sites and get approval to change traffic behaviors.
Can be contentious.
e Build Time: Short
e Applicability to Higher Speed Roads: FAIR (Only recommended when crashes are
related to right-turns on red)

2.1.14 Midblock Signals

A midblock signal is a full traffic signal for vehicles in one direction and pedestrians in the cross
direction. Midblock signals are almost always pedestrian activated, so it only interrupts traffic flow
when a pedestrian places a call. Midblock signals are typically used on arterial roads at locations
which have a large pedestrian generator on each side of the road. Typical locations are at a transit
location or a major facility that is frequented by many individuals on foot. The guidelines for
pedestrian warrants are specified in the MUTCD. Although a full signal generates a high
compliance rate with motorists, pedestrians will typically attempt to cross even at high-volume,
high-speed locations if the wait time is too long. One study showed that almost all pedestrians
waited for the WALK indication when minimum green time was 30 seconds, but compliance
dropped with increasing wait time. At two minutes one third of pedestrians will attempt to cross
even when the intersection only has a yellow line separating traffic flow in each direction (Van
Houten, Ellis, & Kim, 2007)

Effectiveness
This intervention has a CMF of .82 with a 4 star rating.

Implementation and Operational Considerations
e Planning Time: High
e Build Time: High
e Applicability to Higher Speed Roads: POOR (Unless a signal is warranted. PHB and
RRFB are an alternative)

2.2 Unsignalized Improvements

2.2.1 High Visibility Crosswalk Markings

High visibility crosswalk markings better alert drivers to the presence of a crosswalk and better
alert pedestrians of the preferred location to cross. Two popular high visibility marking formats
are continental markings and zebra markings. Several studies indicate that high visibility markings
were associated with fewer crashes (Chen et al., 2012; Feldman, Manzi, and Mitman, 2010). This
treatment can be used at signalized as well as unsignalized crosswalks.

Effectiveness
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There is one study showing a CRF of 40% with a Star Rating of 2. Another study examined yellow
high visibility crosswalk markings at school crosswalks. This study found a CRF of 37% and had
a Star Rating of 4. High visibility crosswalks are more visible to drivers and have been shown to
increase motorist yielding rates. They can also require less maintenance than parallel line
crosswalks, as vehicle wheels track between ladder bars of marking.

Implementation and Operational Considerations
e Planning Time: Short (if installing as upgrade to existing crosswalks), Medium (if
installing crosswalks for the 1st time), need to develop engineering design for
installment.
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD (Recommended for all marked
crosswalks on higher speed roads)

2.2.2 High Visibility Crosswalk Signage

Crosswalk signage can also add to the conspicuity of a crosswalk. One way to increase the
conspicuity of crosswalk signs is to use prismatic reflective sheeting not only on the W11-2 sign
but also on the signpost as well. This type of treatment can be applied to double back signs on both
sides of the road and on the pedestrian refuge island or median island if one exits. This type of
installation can from a gateway like treatment that is very visible to drivers since they are passing
between two signs that are very visible during the day and at night. This treatment would be
implemented with pole mounted signs that conform to MUTCD 2A.19.

Effectiveness

This treatment does not have a CMF. One promising variation of this treatment would be the use
of larger signs in a gateway configuration. This treatment has not yet been carefully evaluated.
However, one study conducted as part of this project suggests it can be efficacious.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD.

2.2.3 Pedestrian/Bicycle Refuge Island or Raised Median

Pedestrian refuge islands placed between counter flowing traffic at uncontrolled crosswalks make
it possible for pedestrians and cyclists to cross half of a two-way roadway at a time. This reduces
impulsive attempts to accept short gaps which are difficult to discriminate at night. These gaps are
also more difficult for children and older adults to discriminate. Refuge islands need to be large
enough to accommaodate a pedestrian with a stroller and a cyclist on a bicycle. Wider refuge islands
can also be constructed in such a way to ensure the pedestrian is walking facing the direction of
traffic before making the second half of the crossing. Pedestrian refuge islands have a crash
modification ranging from 32% to 56% (Zegeer, et.al., 2017; FHWA, 2007).
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Effectiveness

Refuge islands have been widely studied and are routinely identified as one of the most effective
countermeasures to improve pedestrian safety at uncontrolled locations. Studies have shown a
reduction in pedestrian crashes at marked and unmarked crosswalks with a 5 Star Rating, CRF of
46% for marked crosswalks (3 Star Rating) and a CRF of 31.5% for uncontrolled crosswalks with
and without markings. (4 Star Rating). Several studies in Florida on urban and suburban arterials
with a 2 Star Rating show medians have a CRF of 34%, 27%, 30%, 40% and 29%. Considering
all studies with Star ratings of 2 or more, medians clearly have a benefit for pedestrians and the
magnitude of the effect is reasonably consistent between studies.

Implementation and Operational Considerations
e Planning Time: Medium: identify areas of interest through public input/traffic data
analysis and receive approval for installation.
e Build Time: Short (1-3 Days), though installation is complicated by traffic
management which may add additional installation time.
e Applicability to Higher Speed Roads: GOOD (This treatment can be easily used on
higher speed roads if adequate space is available)

2.2.4 Pedestrian Hybrid Beacon (PHB)

The pedestrian hybrid beacon consists of two red lights above a yellow light that are dark when
the beacon is not active. When activated, the PHB beacon enters a series of signal phases to
indicate that a pedestrian is crossing. When tested in Arizona and St. Petersburg, Florida, along
with the recommended warning and regulatory signs, the hybrid beacon was associated with a 69%
reduction in all crashes and a compliance rate of motorists yielding to pedestrians between 94-99%
(Fitzpatrick, K., et al., 2006). The cost of pedestrian hybrid beacons varies based on the size of the
roadway, but typically are less expensive than the cost of fully signalizing an intersection.

Although the PHB has a red indication driver that are unfamiliar with the device may require
education outreach or experience before compliance increases to very high levels. Studies
conducted to evaluate driver comprehension of the PHB performed in Kansas indicated that
driver’s compliance as 90% and 95% (Godavarthy & Russell, 2016). These data suggest there may
be more variation in results than would be inferred from the results obtained in Tucson. Familiarity
with the device may be a major factor. For instance, the Fitzpatrick study was performed in Tucson
where there were extensive outreach efforts and over 60 PHB devices deployed for several years
before they were evaluated. A study conducted by Stapleton, Kirsch & Gates (2017) examined
yielding at PHB, RRFB and R1-6 sign sites over time found driver yielding behavior for each of
these three enhancements improved over time as drivers became more familiar with each device.
Additionally, roadway factors and driving culture may also influence the effectiveness of these
treatments.

One advantage offered by hybrid beacons is that they are less disruptive to motor vehicle
throughput than a midblock signal. When coordinated signals are timed to obtain better speed limit
compliance, Pedestrian hybrid beacons can be configured to maintain coordination. The MUTCD
presents guidelines for when a pedestrian hybrid beacon could be used. The recommendations are
a function of vehicular volumes and speeds, the crossing distance, and pedestrian volumes. The
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lowest threshold of pedestrian volumes is 25 per hour. Pedestrian hybrid beacons may be
applicable at midblock crossings or at low volume intersections where a full signal is not
warranted. One highly relevant study on the PHB examined the efficacy of this treatment on ten
higher speed roadways (85 percentile speeds ranging between 44 and 54 mph). Driver yielding
behavior at these sites averaged 97% which is close to the level observed on lower-speed streets.
These data suggest this intervention would be effective on MDOT higher speed roads. The PHB
is also associated with a 55% Crash Modification Factor with a 3 Star Rating (Zegeer, et.al. 2017)

Effectiveness

Hybrid Beacons have consistently produced relatively high CRFs. CRFs vary between a low of
24.5% for a 4 Star Rated study and 436% for three 5 Star studies. The highest rating was 69% for
a 3 Star Study. The average CRF over nine studies is 46%.

Implementation and Operational Considerations
e Planning Time: Moderate
e Build Time: Moderate
e Applicability to Higher Speed Roads: GOOD (Intervention is known to reduce
crashes when installed on higher speed roads)

2.2.5 Rectangular Rapid Flash Beacon

A rectangular rapid flashing beacon (RRFB) is a device that consists of a pair of high intensity
light emitting diode (LED) lights mounted on poles under the pedestrian crosswalk sign and over
the arrow on each of crosswalk at unsignalized pedestrian or bicycle trail crossing. Flashers are
front and rear mounted at each installation position, so they form a gateway to approaching drivers.
The signals rest in the dark phase until activated by a push button. When activated the lights flash
in a rapid specific pattern which attracts the driver’s attention (Shurbutt, et.al., 2009). This
treatment produced a large, sustained increase in yielding at 18 locations in three urban areas that
were maintained over a two year period following their instruction.

This study also compared alternating between two and four beacon configurations (the four beacon
configuration included beacons on each side of a pedestrian refuge island. Results showed a large
increase in motorist yielding behavior over baseline for two beacons and a significant increase
with a four-beacons system over a two-beacon system. This study helped confirm that the RRFB
effect is partly influenced by the gateway effect resulting from approaching and passing between
multiple units. Another factor that may have been related to the efficacy of devices installed on a
refuge island is ensuring that a beacon is visible to drivers in both lanes when a car stopped in an
adjacent lane screens the motorist’s view. The use of multiple beacons may also more effectively
delineate the presence of a crosswalk. Data from another study also showed the RRFB system is
more effective at night than during the day (Shurbutt et. al., 2009; VVan Houten, Ellis, & Marmolejo,
2008). This treatment has a crash modification factor of 47% (Zegeer, et.al., 2017) However, this
CMF was based on a limited size sample and is therefore less accurate than one based on a more
robust sample size.

Two highly relevant studies on the RRFB examined the efficacy of this device on higher speed
roadways (Fitzpatrick and Park, 2021; Hunter, Srinivasan, & Martell, 2012). These studies found
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80% and 94% increase in yielding respectively on higher speed roads.

Effectiveness

This treatment has a crash modification factor of 47% with a 3 Star Rating and 36% with a 1 Star
Rating. However, these CRFs were based on a limited size sample and are therefore less accurate
than one based on a more robust sample size.

Implementation and Operational Considerations
e Planning Time: Moderate
e Build Time: Short
e Applicability to Higher Speed Roads: FAIR (This treatment has been shown to
increase yielding on higher speed roads but is less researched on higher speed roads
than the PHB. If used on a higher speed road, it should be used with advance stop and
yield markings (see below)

2.2.6 Advance Stop and Yield Markings

Advance stop and yield markings at midblock crosswalks or crosswalks at uncontrolled locations
can help reduce multiple threat crashes at multilane crosswalks where crossing pedestrians may
not be seen by motorists approaching in an adjacent lane. Advance yield markings would be
appropriate on MDOT roadways to encourage drivers to open the view of the crosswalks by
stopping further in advance of the crosswalk (Van Houten et.al., 2003). This treatment can reduce
the risk of following vehicles attempting to pass the vehicle stopped for the pedestrian. This sign
is typically used with the R1-5a Yield Here to Pedestrian sign. The markings and the sign should
be placed from 20 to 50ft in advance of the crosswalk. One study has shown that the markings
have a larger effect than the sign, so using the sign alone may produce poorer results (Huybers,
Van Houten, & Malenfant (2004). Advance yield markings have been shown to increase the
percentage of drivers yielding in advance of the crosswalk and to reduce evasive conflicts between
crossing pedestrians and vehicles by 79%. This treatment now has a crash modification factor of
25% (Zegeer, et.al.,2017)

Effectiveness

Studies have shown CRF of 25% with a 3 Star Rating. Because this treatment is used to prevent
screening by vehicles that stop for pedestrians, it follows that the further in advance these markings
can be placed the more effective they should be. It is interesting that this effect is much smaller
than would be predicted by the reduction in conflicts found in the behavioral studies. However,
in the behavioral studies the lines were always placed 50 ft or more in advance of the crosswalk,
and the MUTCD allows them to be placed 20 to 50 ft in advance of the crosswalk.

Implementation and Operational Considerations
e Planning Time: Short: identify target sites using traffic data.
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD (Advance stop and yielding markings
can reduce multiple threat crashes on multilane roads)
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2.2.7 R1-6 In-Street Pedestrian Sign

The R1-6 Yield to Pedestrians in-street signs can be installed at crosswalks at unsignalized marked
crosswalk locations. In-roadway yield signs are signs that can be placed in the center of the
roadway or on a refuge or median island to remind drivers to yield right-of-way to or stop for
pedestrians. These signs may have state law or local law at the top of the sign. These signs can
also be used as temporary signs by school crossing guards. They work well at midblock crossings
as well as unsignalized intersections. In-roadway yield signs have been shown to significantly
improve motorist yielding compliance and reduce pedestrian crashes. In Michigan a yield symbol
is used on the signs unless it is used in a city with a pedestrian stop ordinance.

Refer to Michigan MUTCD Section 2B.11 for guidance on the placement of in-roadway yield
signs.

Effectiveness
While these signs have no associated CMF, they have been shown to “substantially” increase
motorist yielding rates according to NCHRP Synthesis 498.

Implementation and Operational Considerations

e Cost: Installation costs are low, but maintenance costs are relatively high.

e Planning Time: Short

e Build Time: Short

e Applicability to Higher Speed Roads: POOR (In-roadway signs do not survive well
when placed on a lane line or a centerline on a higher speed road. However, placement
at crosswalks on a refuge island or median island should be considered where one
exists.)

2.2.8 Enforcement of Pedestrian Right-of-Way Laws

Because Michigan does not have a state law that requires motorists to yield (or stop) for pedestrians
in an unsignalized crosswalk. Many local municipalities have written their own ordinance based
on the Uniform Traffic Code (UTC). The wording in the UTC is as follows: Pedestrians; right-of-
way in crosswalk; violation as civil infraction. (1) When traffic-control signals are not in place or
are not in operation, the driver of a vehicle shall yield the right-of-way, slowing down or stopping
if need be to so yield, to a pedestrian crossing the roadway within a crosswalk when the pedestrian
is on the half of the roadway on which the on which the vehicle is traveling or when the pedestrian
is approaching so closely from the opposite half of the roadway as to be in danger, but a pedestrian
shall not suddenly leave a curb or other place of safety and walk or run into a path of a vehicle that
is so close that it is impossible for the driver to yield.

Van Houten, Malenfant, Huitema, and Blomberg (2013) evaluated a program that coupled police
enforcement with inexpensive engineering upgrades (e.g., in-street STATE LAW YIELD TO
PEDESTRIAN signs), education through earned media, the deployment of large road signs that
provided feedback on the percentage of drivers yielding right-of-way to pedestrians during the
preceding week along with the record at treated sites in Gainesville, Florida. The introduction of
the high visibility enforcement over the course of a year during the original study led to a marked
increase in yielding to pedestrians at the six enforcement crosswalk sites from a baseline level of
32% to a high of 62% for research assistant (staged) crossings and from 54% to 83% for naturally
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occurring (unstaged) crossings by the general public. At the six generalization crosswalk sites
which did not receive any enforcement, yielding to pedestrians increased from 37% to 59% for
staged crossings and from 50% to 73% for the unstaged naturalistic crossings. The original study
ended in February of 2011.

While this study produced an immediate behavioral change with steady improvement in
Gainesville drivers, the study ended before researchers could measure the persistence of any of the
program’s effects. In particular, the extent to which the GPD continued to enforce the yield-to-
pedestrian laws, the post-study yielding rate to pedestrians, changes in pedestrian crash rates, and
long-term changes in the safety culture of drivers in Gainesville were unknown.

A four-year follow-up study evaluated the extent to which increases in the percentage of drivers
yielding to pedestrians in Gainesville, Florida observed in the original study persisted over time
(Van Houten, Malenfant, Blomberg, Huitema, & Hochmuth, 2017). The results indicated the
increase in yielding seen in the original study not only persisted but increased further during the
follow-up period. Moreover, both the enforcement and generalization sites showed this continued
improvement. This, together with the significant citywide drop in pedestrian crashes after the end
of the intervention, supports a conclusion of program effectiveness and suggests the possibility of
a substantial spread of effect from the original study’s enforcement and education program. Later
the efficacy of this program was replicated in Saint Paul Minnesota and Ann Arbor Michigan.

The follow-up study in Saint Paul evaluated a program to reduce the frequency of drivers passing
vehicles stopped for pedestrians on multilane roads. The program consisted of a broadly advertised
program where police would check the reckless endangerment box on the citation if someone
passed a vehicle stopped for pedestrians in a crosswalk (Morris, Craig, & Van Houten, 2020). This
intervention led to a sustained reduction in multiple threat crashes from 12% to 3%.

Effectiveness
This treatment does not have a CRF. However, crash reductions were associated with the increase
in yielding in the Gainesville study.

Implementation and Operational Considerations
e Planning Time: Short
e Implementation Time: Short
e Applicability to Higher Speed Roads: FAIR (This treatment requires good
coordination with police but can be funded by NHTSA funds)

2.2.9 Enforcement of 5 or 3 Foot Bicycle Passing Laws

Michigan has a 3 ft minimum passing law which requires leaving a 3 ft passing distance when
passing bicycles. Many cities have a 5 ft bicycle passing law. Bloomberg and Van Houten
developed a high visibility program to reduce unsafe passing of bicycles similar high visibility
program to developed to increase yielding right of way to pedestrians. Their study supported by
the NHTSA was carried out in Grand Rapids, MI and Knoxville, TN. In Grand Rapids, a local
ordinance required leaving minimum 5 ft passing distance, and in Knoxville, the State law and
local ordinance required a minimum 3 ft pass. The program involved high visibility enforcement,
public outreach, and posted feedback on the percentage of drivers passing less than 5 ft and less
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than 3 ft. Police in both cities used the C3FT™ ultrasonic measuring device to determine if drivers
passing a decoy officer on a bicycle were too close. The same C3FT™ device was modified to
store data and used to collect evaluation measures by two groups of data collection riders—Staged
Riders who rode repeatedly on routes on which enforcement was focused and Random Riders who
used their bicycles as a primary means of transportation. Each city developed its own publicity
program to increase the visibility of enforcement. The High Visibility Enforcement (HVE)
program continued for approximately 4 months in each city. Results showed that the average
passing distance in both cities were level during the baseline condition. By the end of the HVE
programs, statistically significant increases in average passing distance and significant decreases
in violations were achieved in both cities. Police had no problems using the C3FT™ device to
identify violators and chose to issue more warnings than tickets.

Effectiveness

The program increased passing distance and driver awareness of bicyclists. Although this program
was successful in changing driver behavior in both cities, there is no data on whether it can reduce
motor vehicle/bicycle crashes.

Implementation and Operational Considerations
e Planning Time: Short
e Implementation Time: Short
e Applicability to Higher Speed Roads: FAIR (This treatment requires good
coordination with police but may be funded by NHTSA funds.

2.3 Corridor Improvements

2.3.1 Raised Medians

Raised medians provide a physical separation between lanes traveling in the opposite direction of
travel. These can serve as a continuous pedestrian refuge island particularly at unmarked crosswalk
locations. Medians can reduce crashes with pedestrians and head on collision but do not offer
individuals with wheelchairs a safe crossing unless there are cuts in the medians at intersections.
Because most pedestrian crashes in Michigan occur mid-block at unsignalized locations, raised
medians were shown to produce a 69% reduction in overall pedestrian crashes. The installation of
a median reduced crashes by 69% at unsignalized intersections, 46% at marked crosswalks, and
signalized intersections, pedestrian crashes were reduced by 69%. Crashes were reduced by 46%
when installed at marked crosswalks, 29% at unmarked crosswalks, and an average reduction in
pedestrian crashes of 25% for all intersection locations. The design of raised medians is covered
in the Michigan Design Guide Section 7.01.54 and the Michigan MUTCD Section 31.06.

Effectiveness
Refuge islands have a CRF of 31.5% with a 4 Star Rating.

Implementation and Operational Considerations
e Planning Time: Long for full medians, moderate for small refuge islands
e Build Time: Long for full medians, short for small refuge islands
e Applicability to Higher Speed Roads: GOOD

27



2.3.2 Curb Extensions

Curb extensions (also known as bulb outs or bump-outs) extend the sidewalk or planting space out
into the existing roadway, taking up space in a parking lane. Curb extensions should be considered
to reduce crossing length on multilane roads. This treatment also increases the visibility between
pedestrians and drivers because it places the pedestrian in a location where the view is not screened
by a parked vehicle. To introduce this treatment, it is necessary to reconstruct curbs. The new curb
line should not encroach the traveled way where bicyclists or motor vehicles may be traveling.

Effectiveness

Curb extensions have not been widely studied, though they may be effective at improving motorist
yielding as part of a larger package of treatments and countermeasures, according to NCHRP
Synthesis 498.

Implementation and Operational Considerations

e Planning Time: Medium: identify sites based on public input and traffic data analysis,
then must plan and design the installation. The design time will vary greatly depending
upon the permanence of the installation. Permanent installations may approach long-
term planning due to engineering requirements.

e Build Time: Short-Medium: if installing a paint extension, 1-3 days is reasonable. For
longer-term installations using vertical barriers, the installation process may take 1-2
weeks.

e Applicability to Higher Speed Roads: POOR (Many of the higher speed roads do not
have sufficient room for this treatment. It is typically used where there is on street
parking lanes)

2.3.3 Intersection Bicycle Crossing Markings

On streets with bike lanes, Bicycle pavement markings are continued through the intersection to
indicate the intended position for bicyclists, as well as alert motorists that the bicycle facility
continue through the intersection. This treatment can be used at signalized and unsignalized
intersections. Intersection crossing markings should be considered at wide intersections or at
intersections where the intended direction for bicyclists is complex or unclear. This marking guides
cyclists to ride where they are most visible and expected. The intended path may be colored
pavement, dashed lines or shared lane markings. For additional background and design details,
refer to the NACTO Urban Bikeway Design Guide: www.nacto.org

Effectiveness

This treatment does not have a CMF associated with its use. However, there is a CMF of .61 for
colored bicycle lanes at signalized intersections. However, this countermeasure only has a 2 star
rating.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: POOR (There are few higher speed facilities
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for bicycles because sufficient right way does not exist to include them).

2.3.4 Sidewalks and Paved Shoulders

Sidewalks are facilities separated from the roadway by a curb and sometimes a setback for the
exclusive use by pedestrians. Paved shoulders are paved extensions of the roadway outside the
traveled way which can provide room for cyclists. Sidewalks should be installed as part of every
urban arterial and collector street where there is developed frontage. Paved shoulders should be
considered on any roadway where sidewalk construction is not feasible due to grade or right-of-
way constraints. When sidewalks are added to a roadway, pedestrian crashes are reduced by 88%
(FHWA, 2007). When paved shoulders are added to the roadway, pedestrian crashes are reduced
by 70% (FHWA, 2007). Another advantage offered by paved shoulders can be to increase the
pavement life of roadways and reduce cracking. Sidewalks and shoulders are most cost effective
when incorporated as part of roadway construction. If sidewalks cannot be provided at the time of
roadway design, right-of-way should be secured, and proper grading should be done in anticipation
of sidewalks at a later date. Whenever roadway drainage goes from an open swale to a closed
drainage system, sidewalk construction should be considered as a low-cost addition to the project.

Effectiveness
Sidewalks have a CRF as high as 40% while paved shoulders have a CRF of 7.6.

Implementation and Operational Considerations
e Planning Time: Long
e Build Time: Long
e Applicability to Higher Speed Roads: GOOD (Sidewalks reduce crashes that
involve pedestrians

2.3.5 Bike Lanes

Bike lanes are narrow lanes delineated with pavement markings for the exclusive use by bicyclists.
Normally, one bike lane is provided on the right side of the roadway in each direction and travels
in the same direction as the automobile lane. Bike lane signs can be used to supplement the bike
lane pavement markings. Bike lanes can reduce wrong way bicycle, which is one of the leading
factors in bicycle crashes. Bicycle lanes can also decrease the number of cyclists riding on the
sidewalk. Bike lanes are a much more cost-effective method of providing bicycle facilities than a
side path, which typically requires additional right-of-way and is subject drainage and alignment
issues independent of the roadway. However, data on the effect of installing bike lanes on crashes
are equivocal. Bike lanes currently are considered a design option in the Michigan Design Manual
Section 12.12. Additional guidance can be found in the AASHTO Guide for the Development of
Bicycle Facilities.

Effectiveness

Bike lanes may have different effects midblock than at intersections. Studies in NYC show adverse
effects of installing bike lanes at intersections with a CRF of -6.5 and -28.1 (Star Ratings of 3).
The CRF for installing them along the roadway segment were 14.5 and -50.9 (Star Ratings of 2).
More recent studies in Florida show a CRF of 23 and -124 (3 Star Rating) and -69, -27, -71, and -
36 (two Star Ratings).
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Implementation and Operational Considerations
e Planning Time: High
e Build Time: High
e Applicability to Higher Speed Roads: POOR (Right of way required to widen lanes
does not exist on many higher speed roads)

2.3.6 Increasing Lane Width

Some studies show increasing lane width on arterial roads reduces bicycle crashes. However
restricting bicycle travel by installing curb or sidewalk barriers may increase bicycle crashes.
These interventions can be viewed as either providing more separation between motor vehicles
and bicyclists and precluding escape by bicyclists in emergency situations.

Effectiveness
The effect of increasing lane width is associated with a CMF of 23 and 25 (Three Star Rating)
and a CMF of 21, 36, 48 and 76 (Two Star Rating).

Implementation and Operational Considerations
e Planning Time: Long
e Build Time: Long
e Applicability to Higher Speed Roads: POOR (Right of way required to widen lanes
does not exist on many higher speed roads)

2.3.7 Buffered Bike Lanes

A buffered bike lane is separated from traffic by a painted median with or without collapsible
posts. It provides a greater horizontal separation between the bike lane and the automobile travel
lane or between the bike lane and parked cars. In the latter case it reduces the chance of the cyclist
colliding with the opening door of a parked vehicle. Buffered bike lanes should be considered
wherever greater separation of bicycle and automobile traffic or parked vehicles is desired. They
may be placed on either side of the bike lane (next to the through travel lane or the parking lane.)
Buffered bike lanes increase the separation between bicycles and automobiles, which may be
helpful on roadways with posted speeds above 35 miles per hour.

Refer to the NACTO Urban Bikeway Design Guide for guidance on the design of buffered bike
lanes.

Effectiveness

Several studies show that buffered bike lanes increase passing distance. Buffered bike lanes
which are separated (Separated Bike Lane) with flexi-posts and other vertical elements have a
CMF of 0.567 and a CRF of 43.3) with a 4 star rating.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: POOR (There is no room for bicycle facilities
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on many high-speed roads)

2.3.8 Cycle Tracks

A cycle track is a partially separated bicycle facility that consists of a one or two-way facility that
is separated from automobile traffic between intersections. It can be separated by curb, planters, a
change in elevation, markings, flexible posts, or parked vehicles. Cycle tracks can pose a crash
risk at intersections where drivers cannot see bicyclists emerging from behind parked cars or
standing pedestrians. Ideally the cyclists should be visible between intersections to increase the
likelihood they are noticed or expected by drivers turning onto a side street. Another solution to
this problem is the installation of bicycle signals at cycle track roadway crossings. This treatment
is costly and is typically used mostly on urban streets. Crash data would be expected to vary based
on the number of intersections and driveways. The lower crash rate is likely the result of slower
bicyclists. Lower cycling speeds may be a major variable at these sites. Cycle tracks physically
separate bicycle and automobile traffic, which has been shown to reduce injury crashes by 28%
(Lusk et.al., 2010). Guidance for the placement of cycle tracks is provided in the NACTO Urban
Bikeway Design Guide. Cycle Tracks.

Effectiveness

Danish research on cycle tracks shows effects with 1 and 2 Star Ratings with CRFs that vary
between 63% and 126%. The Montreal study has more favorable CRFs with 2 Star Ratings but
has been criticized for using inappropriate control sites. The variation in CRF values shows that
many important variables affecting the benefit or adverse effect of this treatment have not yet been
identified. Some of the variables that likely influence the safety effects of cycle tracks are the
number of intersections that need to be crossed, the treatments available at these intersections, and
how bicycle traffic is separated from the roadway.

Implementation and Operational Considerations
e Planning Time: High
e Build Time: High
e Applicability to Higher Speed Roads: POOR (This treatment is not appropriate for
higher speed roads)

2.3.9 Shared Use Path

Shared use paths typically provide excellent separation between motor vehicle traffic, and cyclists
and pedestrians.

Effectiveness
Shared use paths have a CMF of 25 and a Three Star rating.

Implementation and Operational Considerations
e Planning Time: Long
e Build Time: Long
e Applicability to Higher Speed Roads: GOOD (This could be a good way to separate
bicycle and pedestrians from traffic on higher speed roads, but can only be applied
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where right-of-way exists)

2.4 Corridor Wide Speed Control

According to Schneider and Stefanich (2015), pedestrian crashes are associated with roadway
design characteristics such as higher automobile speeds, more lanes, and more automobile traffic.
Pedestrian crashes are also more likely on roads without sidewalks and crossings without median
islands. These are also more likely to be major factors at crossing on higher speed roads. Speed
control for higher speed corridors can be implemented by spot treating speed at high pedestrian
crash locations on higher speed roads (hot spots) or by reducing the speed of the higher speed road.
The later involves a balanced analysis of all the relevant variables. However, in some cases this
may be the most rational approach to the problem of pedestrian and bicycle crashes. Studies show
that motor vehicle speed is closely related to the severity of pedestrian and bicycle crashes. Speed
can be the largest factor for fatal pedestrian and bicycle crashes. It is interesting to note that one
study (Bhagavathula, et.al., 2015) found that intersections with a posted speed limit of 40 mph or
less had lower nighttime crash ratios than intersections with a posted speed limit greater than 40
mph. These results suggest that slowing speeds at night on higher speed roads would be a good
approach to reducing pedestrian and bicycle crashes.

2.4.1 Altering Progression Along High Crash Suburban Corridors

Progression involves timing a series of signals to produce a green ban along the arterial for vehicles
traveling at the posted speed limit. Progression is typically employed to control speeds on arterial
roads in high crash suburban zones. Signage informing road users that the appropriate speed will
avoid red lights could be of assistance in obtaining improved compliance. LaPlante and McCann
(2008) point out that drivers traveling at 45 mph stopping for multiple lights will have the same
overall travel time as someone driving 25 or 30 mph with coordinated signals and no stops.
However, drivers will not benefit from progression unless they are aware of this state of affairs.
On higher speed roadways progression could be used to reduce speeds from 45 to 50 mph along a
suburban arterial to 35 mph. This change would greatly reduce the chance of a fatal pedestrian or
bicyclist death. However, a strong outreach plan which includes education delivered along the
corridor would be key to maximizing the potential benefit in speed reduction and deaths.

Effectiveness

Though no research has documented the safety effects of setting lower progression speeds in terms
of crash reduction, there is evidence that these changes do result in lower overall operating speeds
which should result in fewer crashes and less serious crashes.

Implementation and Operational Considerations
e Planning Time: Medium: planning requires study per state law to determine
feasibility of traffic flow changes and appropriate speed reductions.
e Build Time: Medium (Several Weeks-Month)
e Applicability to Higher Speed Roads: GOOD (This intervention is only likely to be
effective in suburban or commercial areas with relatively frequent signalized
intersections.)
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2.4.2 Use of R2-3P NIGHT Speed Limit Sign

A Night Speed Limit plaque (R2-3P) may be combined with or installed below the standard Speed
Limit (R2-1) sign. This plaque should be reversed using white retro reflectorized legend and border
on a black background. This application would be warranted to reduce speeds where the posted
speed limit does not provide adequate sight distance to recognize a pedestrian with sufficient
distance to avoid a possible crash. Because of the headlight effect and limited background field at
night, crashes tend to be similar on both straight and curved roads segments. One study showed
that reduced nighttime speed limits reduced speeds by 3 to 5 mph on rural two-lane higher speed
roads (Corinna, et.al., 2019). Use of this intervention may be dependent on the interpretation of
the vehicle code.

Effectiveness
Only one study has examined whether night speed limit signs can reduce night speeds. More
research is required to determine whether this intervention can reduce speeds and crashes.

Implementation and Operational Considerations
e Planning Time: Long because it is difficult to implement speed limit changes.
e Build Time: Minimal
e Applicability to Higher Speed Roads: GOOD (However, there is little evidence on
their effectiveness)

2.4.3 High Visibility Corridor Wide Speed Enforcement

Although there have been reductions in crashes per vehicle mile driven over the past 25 years, the
lives of 1,031,410 men, women, and children have ended violently as the result of motor vehicle
crashes in the United States (AAA Foundation for Traffic Safety, 2013). Motor vehicle crashes
were also the leading cause of death for people ages 15-24 during this period. A key element of
the Toward Zero Deaths (TZD) National Strategy on Highway Safety is to address this problem
by promoting change in the traffic safety culture in the United States among road users, including
non-motorized users, and other organizations that have an existing or potential role in traffic safety,
e.g., agencies responsible for public safety, education, or public health. A behavioral approach to
safety culture would suggest changing safety in one target area at a time, and if one changes a
number of safety related behaviors in a specific area such as speeding and pedestrian safety one
should expect changes to transfer to untreated safety related behaviors.

An unsuccessful approach to changing the driving culture includes programs that emphasize
numerous traffic stops alone. For example, Britt, Bergman, and Moffet (1995) reported on the
effect of decoy pedestrian right-of-way enforcement operations carried out in Seattle over a period
of several years that did not include components targeting the driving culture. The authors
concluded “In light of the often-contradictory results, expectations of traffic enforcement to
improve pedestrian safety should remain modest.”

Research conducted in the 1980s (Van Houten & Nau, 1983) provided evidence that this approach
could be effective in producing a culture change in driver speeding on arterial and collector roads.
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Van Houten and Nau demonstrated a one week duration warning program that involved stopping
drivers who were just a few miles over the speed limit and included social norming and other
outreach efforts designed to change the driving culture, producing a marked reduction in serious
speeding on neighborhood collectors that persisted for a year. Police gave a warning and an
informational flier informing drivers that some of the pedestrians struck in crashes were children
and asked them to help make their community safer. When this program also included a large
feedback sign on the percentage of drivers not speeding the previous week the effects were
considerably larger. Drivers who were stopped often complemented the police for taking action.
One important element of this program was the use of publicly posted weekly community
feedback, plus the verbal feedback of police officers that complemented the information flier
provided with each traffic stop.

An experimental component analysis of the mechanisms behind the efficacy of the feedback signs
isolated two factors: A social norming component, and an implied surveillance component. An
example of this research was the finding that the use of a lenient criterion for speeding (drivers
were not aware of the actual criterion used) lead to significantly larger effects than the use of a
more stringent criterion that led to posting lower numbers.

A replication of this speed program carried out in Haifa, Israel (Van Houten, Rolider, Nau,
Freidmann, Becker, Chalodovsky & Scherer, 1985) produced a large reduction in speeding, which
was associated with a 50% reduction in crashes (Scherer, Freidmann, Rolider, & Van Houten,
1985). These statistically significant reductions in crashes were similar to those produced in
pedestrian crashes by Malenfant, & Van Houten (1989).

Effectiveness

The Scherer et.al. (1985) showed large speed reductions and crash reductions that maintained
over time. Based on those data a 50% reduction in crashes should be expected if the procedures
employed in his study are followed.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD (At locations where corridor wide
speeding is responsible for pedestrian and bicycle crashes.)

2.4.4 Road Diets

Road diets can be an effective way to address speed limits and operating speed as well as the
number of lanes that need to be crossed. A typical approach involves converting a four-lane road
to a three-lane road with a center turn lane and bicycle lanes (FHWA, 2014). Studies show that
road diets reduce crashes (Harkey et.al, 2008), however this study does not account for possible
crash migration caused by diversion of some traffic to other roads (LeVine, 2017). However, if
traffic is diverted to other slower roads, it is likely there would be at minimum, a reduction in
serious crashes. Road diets can be implemented on streets with up to 20,000 vehicles per day
without greatly impacting motor vehicle travel. Road diets improve safety and mobility for all
users by reducing read-end, sideswipe, and left-turn crashes, and freeing up one lane in each
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direction for uninterrupted travel.

Effectiveness
Road diets may reduce crashes between 10% and 44% (Highway Safety Information System,
2011).

Implementation and Operational Considerations
e Planning Time: Long
e Build Time: Moderate
e Applicability to Higher Speed Roads: POOR (Higher speed road required capacity
may limit use of road diets)

2.5 Speed Control in Transition Zones

Often drivers continue driving at faster speeds when they enter a transition zone from a faster trunk
road or arterial road to a more suburban area with slower speeds. One reason for this effect is speed
adaptation (Alhomaidat, 2020). Matthews (1978) found that drivers travelling at a higher speed
will persist in driving at a higher speed for about 4 minutes once they enter a lower speed road.
Casey and Lund (1978) showed that this effect can be attenuated if the person is required to slow
down or stop prior to entering an area with a new speed limit. Traveling through a roundabout or
stopping for a traffic signal are examples of this type of effect.

2.5.1 Use of Solar Powered Dynamic Speed Feedback Signs

These signs show the speed limit and driver speed on High Crash Corridors. Although this
treatment is good for suburban areas it could also work where trunk roads enter villages. A recent
meta- analysis (Flynn et al., 2020) evaluated the effectiveness of dynamic speed feedback signs in
43 publications which included 57 speed studies at 204 sites. They found a reduction in speed of
4 mph, for passenger vehicles which could be associated with a up to a 40% in pedestrian fatalities
on a road with speeds between 30 and 35 mph and perhaps larger reductions on higher speed
roadways. Although the reduction in truck speed produced by the signs was somewhat smaller, it
was noted that baseline truck speeds were lower than passenger vehicle speeds. This type of sign
is likely to be most effective at transition zones near pedestrian facilities or at the beginning of a
slower speed zone such as a small town or village along a higher speed trunk road.

Effectiveness
Speed feedback signs have been shown to be most effective at reducing driver speeds.

Implementation and Operational Considerations
e Planning Time: Short:
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD (At locations where the speed limit is
reduced on higher speed roads that are associated with speed related crashes.)
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2.5.2 Gateway Effect with Speed Limit Signs

This treatment involves the use of highly reflective sheeting material, that is bright during the day
and at night, on sign and signposts in a gateway configuration at locations where there is a change
in speed limits. This treatment can be used with the W3-5 or W3-5a Reduced Speed Limit Ahead
sign as well as the first speed limit sign at the start of the new speed limit. Both the advance
warning and the first speed limit signs could be installed and on both sides of the roadway and on
a refuge island or median if one exists, using high quality reflective sheeting on the signposts as
well as the signs. This treatment could be very effective in reducing speed where trunk routes enter
villages or at locations where faster roads transition into suburban areas. The combination of these
signs in a gateway configuration could produce an even larger reduction in speeding if larger signs
are used.

One study that suggests that this treatment might work is a related treatment evaluated by Van
Houten and Van Houten (1987). They demonstrated larger Begin Slowing Here sign placed in
advance of the first speed limit sign at a speed limit transition produced reductions in the
percentage of motorists travelling 10, 15 and 20 km over the speed limit of 26%, 45% and 59%.
Although this treatment was effective, it is not in the MUTCD. However, the gateway treatment
suggested above may be equally effective. This type of treatment if applied to signs on both sides
of the road and on the pedestrian refuge island or median island if one exists can form a gateway
like treatment that is very visible to drivers during the day and even more visible at night. This
treatment would be implemented with pole mounted signs that conform to 2A.19 to reduce vehicle
speed at the beginning of a new slower speed zone.

Effectiveness
This treatment has not yet been evaluated. Data collected in the current project provide some
evidence that this treatment can be effective.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD (Particularly at sites where higher
speed roads enter lower speed communities with a change in speed limit)

2.5.3 Use of Pavement Patterns to Reduce Speed

Several studies have examined the use of pavement marking patterns to produce the illusion of
faster speed to reduce speed. Several studies have found a reduction in all crashes with the use of
transverse bar pavement marking at roundabout approaches. This treatment has been shown to
have a CRF between 45% and 74%. It would be useful to determine if this treatment also decreases
pedestrian and bicycle crashes. Another treatment is the use of a parallelogram-shaped pavement
markings on vehicle speed and safety of pedestrian crosswalks on urban roads in China. This study
found a reduction in pedestrian crashes when placed on the approaches to unsignalized pedestrian
crosswalks. One drawback of this approach is that the markings may not be as visible during when
snow is covering the roads. However, vehicle speeds are typically slower when snow is present.
Study is required to determine if these markings are in compliance with the MUTCD.
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Effectiveness
The use of parallelogram markings on crosswalks had a Star Rating of 3 and a CRF of 21%. The
use of Transverse markings has also been evaluated.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Moderate
e Applicability to Higher Speed Roads: GOOD (Can be used at locations where the
speed has been reduced at the entrance of small communities)

2.5.4 Gateway Use of R1-6 In-Street Signs

The Gateway in-street sign treatment involves installing multiple R1-6 in-street sign in at various
locations at a crosswalk. This treatment has been documented to produce a large increase in the
percentage of drivers yielding right-of-way to pedestrians at treated crosswalks over the
installation of a single sign. The installation of a Gateway in-street sign treatment also produces a
large decrease in vehicle speed in the crosswalk (Van Houten et.al., 2018). Currently the MUTCD
only allows one R1-6 sign to be installed at a crosswalk either on the centerline, center of the
refuge island or on one lane line, so the use of this treatment would require FHWA permission to
experiment.

An alternative approach would be to use highly reflective sheeting material, that is bright during
the day and at night, on sign and signposts in a gateway configuration at crosswalk locations. This
treatment could be studied with the W11-2 sign crosswalk sign or the W11-15 trail crossing sign.

Effectiveness
Although this treatment has been shown to reduce speed it does not have a CMF.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: POOR (Maintenance issues would make this a
poor choice for higher speed roads)

2.5.5 Roundabouts

A roundabout directs straight and turning traffic through a circular intersection in place of a stop-
controlled or signalized intersection. They are designed to ensure yielding upon entry and slow
vehicle speeds through the roundabout. Single-lane roundabouts can handle traffic volumes up to
26,000 vehicles per day. While multi-lane roundabouts can be used for traffic volumes up to 50,000
vehicles per day. Roundabouts reduce the number of conflict points for pedestrians at a

typical four-leg intersection and have been shown to reduce motor vehicle crashes as well as
pedestrian crashes. When future vehicle volumes are unclear, or close to the capacity of a single
lane roundabout, it is wise to first install a single lane roundabout but reserve right-of-way to add
another lane when it becomes necessary. This treatment consistently has been shown to increase
bicycle crashes with negative CRFs.
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Effectiveness

Roundabouts research has found negative crash reduction factors for bicyclists with a 2 Star rating
(between -1% and -77% increase in crashes). Two studies with 3 Star Ratings show CRFs of -
48% and -27%.

Implementation and Operational Considerations
e Planning Time: Long
e Build Time: Long
e Applicability to Higher Speed Roads: GOOD (Can be used as a gateway treatment
where speed is reduced for a small community. Poor at other locations).

2.6 Lighting Improvements

An analysis of the crashes on higher speed corridors in Michigan over the past 10 years indicate
that 83% of fatal crashes and 65% of incapacitating crashes on higher speed roads occurred at
night. Michigan data also indicates that nighttime pedestrian collisions have a 57% chance of being
fatal at intersections without street lighting and a 43% chance at those with street lighting. It should
be noted that lighting was not directly measured in these studies. The presence of lighting just
indicates that a light poll is nearby. Even when the collision is not fatal, injuries sustained by
pedestrians at nighttime tend to be much more severe than those incurred during daytime,
particularly on higher speed roads. While visibility is obviously the single most important factor
impacting pedestrian nighttime safety, there appear to be a host of other factors that interplay with
lighting that may also have a role in exacerbating this issue. Therefore, strategies for reducing
night crashes on higher speed roads are key to reducing serious crashes.

Lighting and visibility are important components of a safety strategy for pedestrians. Comparisons
of pedestrian fatalities before and after transitions with daylight savings time have shown
consistently that holding all other factors constant, brighter lighting conditions are associated with
fewer pedestrian deaths. The distribution of lighting is also emerging as an important factor,
because rather than providing uniform lighting along the roadway surface it is necessary to provide
vertical illumination along crosswalks and bikeways to ensure that they can be seen by
approaching drivers. Jang et al. (2013) found that severe injury pedestrian crashes are more
frequent at night. The number of pedestrian fatalities that occurred at night accounted for 87% of
the overall increase in pedestrian fatalities in recent years. Considerable research has examined
how to optimize lighting for pedestrians at intersections and crosswalks, but legacy lighting was
installed prior to this research. These lights do not provide good color rendering and hence depend
on the black and white rod visual system. Because this system degrades during the period of
rhodopsin uptake interval following exposure to lighted conditions such as the headlights of
another vehicle or passing through a well-lighted area, it can lead to a failure to detect a pedestrian
in the roadway. Crash reports provide information on whether lighting is present but not the details
about whether lighting was adequate or optimal based on lighting measures. The CMF Clearing
house assumes that the lighting was installed at a previously unlighted intersection and treats
lighting like a categorical variable (present vs. absent), whereas light levels in real life occur along
a continuum. All variables need to be considered when examining the effects of lighting on night
crashes.
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The efficacy of street lighting is influenced by road surface luminance, lamp color, glare and driver
age. Color vision (cones) performs better than black and white vision (rods); however, most street
lighting does not provide white light needed for color vision. The most commonly used legacy
lighting includes Mercury vapor; high and low pressure sodium, and metal halide; White light
appears more uniform than sodium light to the human eye. However, the efficacy of mercury vapor
and metal halide are lower than that of sodium lamps. LED lighting which allows excellent color
rendering is increasingly being used. This type of lighting is also more coherent and can be better
aimed.

Total level of illuminance is also important. Lighting data collected from 100 rural intersections
in Virginia showed that for a 1-unit increase in the illuminance, the number of night crashes
decreased by 7% (Bhagavathula, Gibbons, & Edwards, 2015). For the lighted intersections, the
same increase in average horizontal illuminance decreased the number of night crashes by 9%.
The largest decrease in the number of night crashes was for unlighted intersections, where for a 1-
unit increase in the average horizontal illuminance the night crashes decreased by 21%. These
relationships between illuminance and night crashes may only be valid, however, for the tested
illuminance ranges (0.28 to 31.6 lux). Another study (Edwards, 2015) collected illuminance data
from 63 intersections in Minnesota and reported that an increase in 1-lux of average intersection
illuminance resulted in a 9% reduction in nighttime crash rates. The study also reported that an
increase in 1-lux in average illuminance at lighted intersections was associated with a reduction in
nighttime crashes by 20%.

To determine the appropriate light level at intersections, a new systems-level approach to
intersection lighting design was introduced by VTTI (Bhagavathula, Gibbons, & Nussbaum,
2018). This study compared three intersection lighting designs (Lighted Approach, Lighted Box,
and Lighted Approach and Box). This evaluation was done based on drivers’ nighttime visual
performance, using the objective measure of detection distance for targets located at the entrances,
exits, and middle of pedestrian crosswalks at intersections. The results indicate that the design
illuminating the intersection box offered better visual performance and had fewer missed target
detections, with visual performance plateauing between 7 and 10 lux average intersection
illuminance.

2.6.1 Intersection Related Lighting

Intersection lighting is typically accomplished by installing streetlights at the intersection location.
Lighting levels can vary considerably as can type of lighting. LED lighting produces color
rendering and allows one to use cones rather than rods. Data show that increased lighting reduces
night crashes with some studies showing reductions in night pedestrian crashes.

Effectiveness

Four studies, all with 3 Star Ratings show a decrease in pedestrian crashes. Two of the studies with
CRF of 42% and 59% show a reduction in serious injury, minor injury and possible injury
pedestrian crashes (3 Star Ratings) and two additional studies show a reduction in fatal pedestrian
crashes with a CRF of 78% and 82% (3 Star Ratings). One study that examined adding lighting at
rural intersections found a CRF of 44% with a 3 Star rating.
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Implementation and Operational Considerations
e Planning Time: Moderate
e Build Time: Moderate
e Applicability to Higher Speed Roads: EXCELLENT (This treatment would be very
effective on higher speed roads at intersections where crashes occur at night)

2.6.2 Corridor Lighting

More recently, lighting data collected from 100 rural intersections in Virginia showed that for
lighted intersections a 1-unit increase in the illuminance, decreased the number of night crashes
by 9%. The largest decrease in the number of night crashes was for unlighted intersections, where
a 1-unit increase in the average horizontal illuminance decreased night crashes by 21%. These
relationships between illuminance and night crashes may only be valid, however, for the tested
illuminance ranges (0.28 to 31.6 lux). A previous study collected illuminance data from 63
intersections in Minnesota and reported that an increase in 1-lux of average intersection
illuminance resulted in a 9% reduction in nighttime crash rates. The study also reported that an
increase in 1-lux in average illuminance at lighted intersections was associated with a reduction in
nighttime crashes by 20%. In some instances, increased lighting can be achieved by changing out
the lighting source or in the case of solid-state lighting better aiming the light source.

Effectiveness
Adding corridor lighting has a CRF of 20%, 28% and 87% all with a Star Rating of 3.

Implementation and Operational Considerations
e Planning Time: Short if changing out lighting to LED. Long if installing new lighting
e Build Time: Low if changing out lighting to LED. High if installing new lighting
e Applicability to Higher Speed Roads: EXCELLENT (This treatment would be very
effective on higher speed roads where crashes occur at night. However, Act 51
prohibits the use of state funds for lighting on non-freeways under the jurisdiction of
MDOT.

2.6.3 Spot Lighting Treatment

At some locations legacy lighting with a streetlight on one side of the road lights one side of the
crosswalk but not the other side. One solution to this problem would be to install a second LED
luminaire on the post with the streetlight and aim the light in such a way to better illuminate the
other half of the crosswalk. Because LED lighting is more coherent than traditional street lights it
should be possible to better direct the light.

Effectiveness
This treatment has not yet been studied in the current study but could be evaluated in a study
project if funds allow.

Implementation and Operational Considerations
e Planning Time: Short
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e Build Time: Moderate
e Applicability to Higher Speed Roads: GOOD (This treatment would be effective at
crosswalks on higher speed roads associated with night crashes)

2.6.4 Dynamic Lighting Treatments

One approach that has not been systematically examined is increasing the lighting level when a
pedestrian enters a crosswalk. Not only would this approach decrease light pollution, but it would
also alert the driver that a pedestrian is initiating a crossing at a crosswalk. If this approach proves
effective, it could be a low-cost way to increase the visibility of pedestrians crossing at night while
the stimulus onset of the light would also alert drivers to pay attention to the area with increased
illumination. This approach could be effective at crosswalks at night at dark intersections and at
lighted intersections. In the case of the dark intersections, it would “turn on the lights” when the
pedestrian enters the crosswalk, and in the latter case it would intensify the lighting when the
pedestrian enters the crosswalk. If this approach proves effective, it could also be used in a smart
city to alert drivers of pedestrians detected entering the road at midblock locations. It is also
possible to use this approach at locations where cyclists are at risk for a nighttime crash. One signal
manufacturer is currently selling a smart lighting system for crosswalks.

Effectiveness
This treatment has not yet been studied but a current study is pending in the spring of 2022.

Implementation and Operational Considerations
e Planning Time: Short
e Build Time: Short
e Applicability to Higher Speed Roads: GOOD (Would work if crashes are occurring
at specific crossing locations. Can be done in conjunction with an RRFB)
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3 REVIEW OF SAMPLE STATE AND FEDERAL GUIDANCE FOR
PEDESTRIANS ON HIGHER SPEED ROADS

This chapter provides a summary of the non-motorized treatments on high-speed roads that are
adopted by Michigan and its neighboring states. Practices of the states which have similar weather
conditions to Michigan such as Minnesota, Pennsylvania, New York, and lowa were also
reviewed. This was done to compare the treatments across these states and identify any differences
which can be adapted to Michigan. Additionally, it covers federal guidelines and past research
related to this project. The following is a summary of these guideline documents.

3.1 Michigan

Michigan uses the guideline for installing pedestrian crosswalks on state trunklines highways as a
standard to implement treatments on high-speed roads. To identify if a location is a potential for a
crosswalk, the guideline states that it is important to collect physical (e.g., SSD) and traffic data
(e.g., ADT). Afterward, the data collected are to be used to determine the appropriate treatments.
The criteria are based on controlled and uncontrolled crossings. Generally, the controlled crossing
is categorized into the stop, signalized, and school crossing. The guideline states that pedestrian
warning signs will not be installed for stop-controlled crossing unless an engineering study
demonstrates the need to do so. On the other hand, signalized crossings are eligible for crosswalks
with no or minimum pedestrian treatments. School crossings whether with stop or signalized
control are eligible for a crosswalk. Special emphasis crosswalk markings should be installed on
these crossings. Also, for the uncontrolled crossing, collected data such as ADT, SSD, and the
presence of a shared-use path must be considered to decide to install treatments. Appendix 9.2
show the flowchart for pedestrian crossing treatment and crossing treatment types, respectively,
for Michigan. The details of crossing type categories are as follows:

e Crossing Type, A- Consists of marked special emphasis crosswalk, standard pedestrian
warning signs (W11-2), or standard school crossing signs (S1-1) for school crossing.

e Crossing Type, B- Consists of marked special emphasis crosswalks, standard pedestrian
warning signs, or standard school crossing signs (S1-1) for school crossing. Also,
geometric improvements (such as median nose extensions, curb extensions, pork chop
island, tighter curb radius, or median refuge islands) or consider pedestrian-activated
Rectangular Rapid Flashing Beacons (RRFB) if criteria are met. In-street yield to
pedestrian crossing sign (R1-6) should be used only in low-speed urban settings.

e Crossing Type, C- Where the posted speed limit is greater than or equal to 45 mph,
determine if traffic calming measures can be installed to effectively reduce the operating
speed such that the posted speed limit could be changed to 40 mph and a raised median can
be installed. If so, go to Crossing Type B; if not, go to Crossing Type D.

e Crossing Type, D- Consider the Pedestrian Hybrid Beacon (PHB), pedestrian traffic signal,
or grade-separated pedestrian crossing. Must consider corridor signal progression, grades,
physical constraints, and other engineering factors.
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3.2 Indiana

Indiana uses the INDOT Design Manual, which has outlined the treatments which can be
implemented at intersection and shared-use paths within the special design elements. Appendix
9.3 shows the recommended treatment of shared-use path and roadway intersection for Indiana.
The level of treatments are as follows:
e Level 1isabasic crosswalk (standard crosswalk which has two transverse lines).
e Level 2 isanenhanced crosswalk treatment that includes longitudinal crosswalk markings,
raised midblock crosswalks, or high visibility crosswalk markings.
e Level 3 includes the refuge island and bulbouts. A bulbout is an extension of the
sidewalk/curb area that reduces the designated crossing length.
e Level 4 includes flashing beacons and flashing LED signs such as RRFB
e Level 5includes PHB, traffic signs, and grade separation.

Indiana guidance recommends level 2, 3, 4 or 5 (often used together, depending on the number of
lanes and ADT) for higher speed roads (45 mph and above).

3.3 Ohio

The ODOT Multimodal Design Guide provides detail of countermeasures that can improve
yielding with specifications on what can be applied on high-speed roads (ODOT, 2022). Appendix
9.4 shows the evaluation table for uncontrolled crossing countermeasures in Ohio. It uses three
tiers to identify the treatments which can be used at an uncontrolled crossing at different speeds,
traffic volume, and road configurations.

e Tier 1 aims at pointing out the presence of crossing to road users since traffic volumes and
speeds are conducive to motorist yielding. Includes improving sight distance, removing
adjacent parking which causes sight obstruction, or installing curb extensions. Where
minimum intersection sight distances cannot be provided, stopping sight distance must be
provided and advance warning beacons and signage should be installed. Additional options
for scenarios where neither intersection nor stopping sight distance can be achieved include
relocating the crossing or evaluating it for a signal or other traffic control device (i.e., stop
sign, rectangular rapid flashing beacon, pedestrian hybrid beacon, etc.). Also, designers
can complete a speed study to lower the posted speed limit.

e Tier 2 involves optimizing geometric design. The geometry of the intersection and crossing
should be optimized to be as close to 90 degrees as practical to minimize the exposure of
crossing users, reduce crossing distances, and maximize sight lines. The crossings should
be shortened to reduce exposure and increase the frequency of safe crossing gaps.
Strategies to consider include crossing islands, curb extensions, and reducing approach
speeds (Tier 1 Countermeasures). Also, providing an active beacon or rectangular rapid
flashing beacon should be considered.

e Tier 3 countermeasures require motorists to stop for crossing bicyclists and pedestrians at
a pedestrian hybrid beacon or traffic signal or grade separation.
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3.4 lllinois

Illinois has established guidelines based on past studies, observations from the field, engineering
judgment, and practices from other state agencies (Qi et al., 2017). Unlike other states, Illinois
does not recommend uncontrolled crossing on high-speed roads (>=45 mph) regardless of the
traffic volume and road configuration. This means that the crossings on high-speed corridors are
usually controlled to protect non-motorized traffic from motorized traffic. Appendix 9.5 shows a
summary of recommended minimum treatments at uncontrolled pedestrian crossings in Illinois.

3.5 Wisconsin

Wisconsin Guide to Pedestrian Best Practices and Wisconsin Bicycle Facility Design Handbook
have some recommendations for treatments and facilities on high-speed roads. These include
installing wider bicycle lanes which should be used on higher volume and higher speed roads
(>40mph). Also, vertical curbs have to be used to separate traffic and pedestrian traffic where the
posted speed limit is over 45 mph. WisDOT (2020) suggests a grade-separated crossing to be
considered on rural roadways and trails if the roadway speed is 40 mph or higher with ADT equal
to or greater than 3,500. In urban areas with speed limits of 45 mph or more, crosswalk markings
may be installed with a traffic signal, an all-way stop sign, or crossing enhancements by adding
curb extensions and pedestrian refuge islands. Generally, the installation of a crosswalk follows
an engineering traffic study or judgment. Other standards are adopted from Wisconsin Supplement
to the Manual on Uniform Traffic Control Devices (WisDOT, 2017).

3.6 Minnesota

Minnesota's source of pedestrian treatment on high-speed roads is “Guidance for Installation of
Pedestrian Crosswalks on Minnesota State Highways” (Minnesota Department of Transportation,
2005). The document outlines the procedures to be followed when planning to install crosswalks
and treatments. It covers both controlled and uncontrolled crossings. The site has to have adequate
stopping sight distance, minimum truck traffic, minimum vehicle turning movements, and
minimum driver distractions. For higher speed roads (40 mph and above), a pedestrian bridge or
underpass or pedestrian signal should be provided. Also, for a roadway with less than 4 lanes and
speed limit above 35 mph, crosswalk may be considered with additional treatments. These include
reducing the number of travel lanes, raised median, curb extensions, pedestrian crossing island,
advance stop line, and sign and parking restrictions. Appendix 9.6 shows the crosswalk installation
guidelines flow chart for Minnesota.

3.7 New York

New York uses the Highway Design Manual where chapter 18 in this manual focuses on pedestrian
facility design to guide the installation of pedestrian facilities (NYSDOT, 2017). The manual
adopts the treatments which can be applied to uncontrolled crossing according to a study by Zegeer
et al., (2002) Exhibit 18-19. Another source is the pedestrian safety action plan (NYSDOT, 2016)
which is aimed at recommending countermeasures that can be accomplished to improve pedestrian
safety. This plan was created as a response to the requirement of federal surface transportation
legislation, where every state must develop a Strategic Highway Safety Plan (SHSP). The plan
has outlined treatment packages that can be implemented at uncontrolled crosswalks for the 40-45
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mph posted speed limit. All treatment packages include high-visibility crosswalks and pedestrian
warning signs with fluorescent yellow and retroreflective signposts. Basic treatments require
minimum analysis for implementation however, enhanced treatments require additional site
analysis and engineering evaluation for implementation. Appendix 9.7 shows the treatment plan
for uncontrolled locations with 40-45 posted speed limit in New York.

For locations where the speed limit is 50 mph and above, the plan recommends implementing
measures to reduce operational speeds and restrict parking. Also, HAWK (PHB) has to be installed
on a two-stage crossing, and where a two-stage crossing is not possible, consider installing traffic
signals. The plan also recommends treatments to be used at uncontrolled on and off ramps.

Other similar states' practices such as Pennsylvania and lowa were reviewed, but no specific
guidelines were documented for treatments to be used on high-speed roads. They adopt their
practices from the national MUTCD (U.S. Department of Transportation, 2009) and other
guidelines (PENNDOQOT, 2016; IOWADOQOT, 2019)

3.8 Federal guidelines

Blackburn et al., (2017) established a Federal Highway Administration (FHWA) guideline for
improving pedestrian safety at uncontrolled crossing locations. The guideline documents steps to
be followed by agencies before selecting countermeasures. These steps are the collection of data
such as crash data, roadway characteristics, and public engagement then analyzing crash types and
safety issues. Figure 3.1 is a comprehensive matrix of pedestrian crash countermeasures
recommended at uncontrolled crossing locations. The guideline suggests that agencies should
reference MUTCD and other national, state, or local standards when making the final selection of
countermeasures. Furthermore, Figure 3.2 provides specific countermeasures to address safety
concerns such as failure to yield or speeding.
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3.9 Past research on pedestrian treatments on high-speed corridors

Zegeer et al., (2002) examined the safety impacts of marked and unmarked crosswalks at
uncontrolled locations. Their study utilized five years of data for pedestrian crashes at marked and
unmarked crosswalks in the U.S. These sites didn’t have traffic signals or stop signs on all the
approaches. Their analysis concluded that marked crosswalks alone are insufficient on roads with
posted speed limits which are equal to and greater than 40 mph. Depending on the ADT and road
configuration, additional treatments such as traffic calming treatment or traffic signals with
pedestrian signals where warranted have to be installed. Most state DOTs developed their
guidelines and standards on pedestrian treatments by expanding the findings from this study.

With regards to specific treatments which can be used on high-speed roads, Dougald (2016)
evaluated the effectiveness of RRFB at midblock crosswalks on high-speed urban collectors (45
mph). The major interest was to check the number of pedestrians who used the pushbutton to
activate RRFB, the driver’s behavior when the RRFB is activated compared to when it is not
activated, and trail user impressions of the system. Results showed that RRFB had a positive
impact on the drivers due to observed speed reductions when RRFB has been activated as well as
an increase in yielding rate even when it wasn’t activated. Trail users were likely to use the
pushbutton to activate RRFB more in the presence of traffic. The survey results also revealed that
trail users felt that the system improved safety. Fitzpatrick et al., (2020) analyzed the performance
of PHB on high-speed roads with 85" percentile speeds ranging from 44 mph to 54 mph in
Arizona. Video data including pedestrians and bicyclists from ten sites with high-speed conditions
in Arizona was used. Results showed that the driver yielding on average was found to be 97%
which is similar to the locations where PHB is installed on lower-speed streets. This study shows
that PHB also performs well on higher-speed roads.

Furthermore, Fitzpatrick & Park, (2021) compared the effectiveness of PHB, RRFB, and LED
embedded crossing signs during night conditions. The study employed 10 sites for PHB, 12 sites
with RRFB, and 8 sites for LED embedded crossing signs. Site selection was based on the range
of speed limit, presence of median, and the presence of treatment. This study employed the use of
a staged pedestrian who pushed the button at a specific crosswalk and the driver yielding behavior
were then observed. Results showed that RRFB is more effective at night since it increases the
driver yielding rate. In contrast to that, LED embedded crossing signs were not effective during
night conditions and researchers recommended that they should be used when there is low
operating speed and volume with narrow lanes. PHB was found to be the most effective treatment
during both night and daytime conditions as well as in higher-speed settings.

The effect of transverse rumble strips on the safety of pedestrian crosswalks on rural roads in China
was analyzed by (Liu et al., 2011). The transverse rumble strips were raised rumble strips deployed
on both approaches to a non-signalized pedestrian crosswalk on a rural road. Speed data were
collected from 12 sites on 3 rural highways with posted speed limits of 40 km/h, 60 km/h, and 80
km/h, respectively. Also, crash data were collected at 366 road segments on 4 neighboring rural
highways in the Yangjiang area of Guangdong Province. EB before —after study results showed
that the transverse rumble strips may reduce pedestrian crashes by 25%. For the road segments
with a speed limit of 80 km/h (49.71 mph), the average speed of drivers declined by 11.9 km/h
(7.4 mph). The findings suggest that transverse rumble strips are effective in reducing speed on
high-speed facilities.
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Another study analyzed the selection of pedestrian crossing treatments at controlled and
uncontrolled locations (Ashur and Alhassan, 2015). This was done to develop practical guidelines
on pedestrian crossing treatments, especially on multilane roadways, complex intersections, and
high-speed roads (45 mph or more). They conducted an online survey on pedestrian crossing
treatments and high-speed divided highways and the link to the survey was emailed to the
AASHTO Standing Committee. In the case of high-speed divided highways, the main
recommendation was to provide adequate crossing time for pedestrians. Since refuge island is not
typically used on high-speed roadways, two types of islands were recommended. They
recommended ‘‘Grass Island with mountable curbing around the nose, paved cut through,
pedestrian pushbutton provided,”’ or “a raised island with ADA pedestrian ramps.”

3.10 Summary of Reviews

Most state practices reviewed in this chapter had almost similar standards and guidelines for
implementing pedestrian treatments on high-speed roads. For instance, for higher speeds (45 mph
or more) and high volumes crossing locations, most states consider implementing treatments that
compel drivers to stop for pedestrians. These treatments include the use of traffic signals, PHB, or
grade separation. The review of federal guidelines provided additional information for the
pedestrian treatments since some treatments recommended on high-speed roads are not included
in the Michigan standards e.g., road diet. On the other hand, most previous studies on pedestrian
treatments on high-speed roads are based on RRFB and PHB showing that these treatments are
effective on those roads.
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4 IDENTIFICATION OF HIGH CRASH SITES

To identify high crash locations, statewide crash data recorded from the beginning of 2009 to end
of 2020 were analyzed by severity, area type (rural vs urban), lighting conditions, and location of
crash (intersection vs midblock). Pedestrian crashes and bicycle crashes were analyzed separately.
Non-motorized crashes were grouped into low-speed crashes (less or equal to 40 mph) and high-
speed crashes (greater or equal to 45 mph and less or equal to 65 mph). Heat maps were generated
using ArcGIS software, followed by identification of high-crash sites. The following sections
present the findings of crash analysis and selection of high-crash sites.

4.1 Statewide Crash Analysis

Analysis of Michigan statewide non-motorized crashes which occurred from 2009 to 2020 was
performed. Out of 51,914 total non-motorized crashes recorded in that period, 29,822 (57.5%)
involved pedestrians while 22,092 (42.5%) involved bicyclists. The distribution of these crashes
by speed limit category is shown in Table 4.1. The focus of this study is on higher speed corridors
(greater or equal to 45 mph and lesser than 65 mph). However, to get a better picture of the
difference between higher-speed corridors and lower-speed corridors (less or equal to 40 mph), a
comparative analysis of non-motorized crashes was performed. Table 4.1 shows that about 72%
of non-motorized crashes occurred in lower speed corridors while only 20% of crashes occurred
in higher speed corridors.

Table 4-1. Non-motorized Crashes Proportion by Speed Limit Category

Variable Total Percent on Percent on Percent on Percent on
Non- Low- speed High-speed freeways unknown
Motorized corridors corridors (>65 mph) Speed Limit
Crashes (<=40 mph) (45-65 mph)

Total Pedestrian 29,822 70% 20% 2% 8%
Crashes
Total Bicycle 22,092 75% 21% 0.3% 3.7%
Crashes
Total Non- 51,914 72% 20% 1% 7%
motorized
Crashes

4.1.1 Crash Severity

It is important to determine how the proportion of severe crashes varies among non-motorized
crashes which occurred on lower speed and higher speed corridors. Figure 4.1 shows the total
number of pedestrian crashes and proportion of fatal (K) and incapacitating (A) crashes by speed
limit. Similarly, Figure 4.2 shows the total number of bicyclist crashes and proportion of fatal (K)
and incapacitating (A) crashes by speed limit. Both Figure 4.1 and Figure 4.2 show that the severity
increases as the speed limit increases. Although higher number of pedestrian and bicyclist crashes
occurred on roads with 25 mph speed limit, only 15% and 2% were KA crashes respectively.
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4.1.2 Area Type (Urban/Rural)

Crashes were also analyzed based on the area type (urban/rural) to investigate the differences
between urban and rural areas. Urban areas are defined as those areas with at least 5,000
population. The non-motorized crashes were imported in ArcGIS to categorize them into either
urban or rural according to where they had occurred. The urban boundaries GIS shapefile from
MDOT open GIS data were utilized. Out of all non-motorized crashes, 91.5% (47,481) were
successfully categorized into either urban or rural while the rest 8.5% (4,433) had missing
coordinates information hence couldn’t be analyzed in ArcGIS.

Overall, most non-motorized crashes occurred in urban areas, 92% (43,456). Furthermore, Table
4.2 shows the distribution of urban non-motorized crashes by lower and higher speed corridors. It
shows that about 79% of urban non-motorized crashes occurred on lower-speed corridors while
18% of all non-motorized crashes occurred on high-speed corridors.

Table 4-2. Urban Non-motorized Crashes Proportion by Speed Limit Category

Variable Total Urban | Percent on Percenton | Percenton | Percenton
Non- Low- speed High-speed freeways | unknown
Motorized corridors corridors (>65 mph) | Speed Limit
Crashes (<=40 mph) | (45-65 mph)

Pedestrian 23,775 79% 18% 2% 1%

Crashes

Bicycle Crashes 19,681 80% 18% 0.3% 1.7%

Total Non- 43,456 79% 18% 1% 2%

Motorized

Crashes

Considering severity of these crashes, Table 4.3 shows the percentage of KA crashes for urban
lower and higher speed corridors. Although urban lower speed corridors have a high number of
crashes, Table 4.3 shows there is a 14% chance that these crashes would be severe (KA crashes).
On the other hand, there is a 25% chance that a non-motorized crash on an urban high-speed
corridor would be severe. Clearly, there is a high chance that an urban non-motorized crash on
high-speed corridors will be severe compared to a crash on urban lower speed corridors.

Table 4-3. Urban KA Non-motorized Crashes Proportion by Speed Limit Category

Variable Urban Non- Percent KA Urban Non- Percent KA
Motorized Crashes on Motorized Crashes on

Crashes on Low- Low- Speed Crashes on High- High- Speed

Speed Corridors | Corridors (<=40 | Speed Corridors | Corridors (45-65

(<=40 mph) mph) (45-65 mph) mph)
Pedestrian Crashes 18,677 20% 4,102 35%
Bicycle Crashes 15,650 8% 3,545 14%
Total Non- 34,317 14% 7,647 25%

Motorized Crashes
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For the case of rural crashes, Table 4.4 shows that about 65% of rural non-motorized crashes occur
on high-speed corridors while 31% of all non-motorized crashes occur on low-speed corridors.
Clearly, more rural non-motorized crashes occur on higher-speed roads compared to lower-speed
roads. Similar to urban areas, in rural high-speed corridors there is a high probability of a non-
motorized to be severe compared to rural low-speed corridors. Table 4.5 shows there is a 19%
chance that non-motorized crashes would be severe (KA crashes) on rural low-speed corridor. On
the other hand, there is a 37% chance that a non-motorized crash on a rural high-speed corridor
would be severe.

Generally, there is a higher number of non-motorized crashes in urban low-speed corridors
compared to high-speed corridors. Also, there are more rural high-speed corridor non-motorized
crashes compared to low-speed corridors. However, regardless of the area type (urban or rural),
high-speed corridors non-motorized crashes have higher odds of resulting in a severe crash
compared to those on low-speed corridors.

Table 4-4. Rural Non-motorized Crashes Proportion by Speed Limit Category

Variable Total Rural Percent on Percent on Percent on Percent on
Non- Low- speed High-speed freeways unknown
Motorized corridors corridors (>65 mph) Speed Limit
Crashes (<=40 mph) | (45-65 mph)

Pedestrian 2,522 29% 66% 3% 2%
Crashes
Bicycle Crashes 1,503 34% 64% 0.2% 1.8%
Total Non- 4,025 31% 65% 2.2% 1.8%
Motorized
Crashes

Table 4-5. Rural KA Non-motorized Crashes Proportion by Speed Limit Category

Variable Rural Non- Percent KA Rural Non- Percent KA
Motorized Crashes on Motorized Crashes on

Crashes on Low- Low- Speed Crashes on High- High- Speed

Speed Corridors | Corridors (<=40 | Speed Corridors | Corridors (45-65

(<=40 mph) mph) 45-65 mph) mph)
Pedestrian Crashes 737 25% 1,653 41%
Bicycle Crashes 516 11% 965 29%
Total Non- 1,253 19% 2,618 37%

Motorized Crashes

4.1.3 Lighting Condition

Studies suggest that nighttime conditions result in severe crashes compared to daytime conditions
(Alogaili & Mannering, 2022). Therefore, it is important to analyze non-motorized crashes with
respect to the lighting conditions. Figure 4.3 shows the percentage of total non-motorized crashes
by speed limit and lighting conditions. It is evident that more dark-unlighted crashes occur on
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higher-speed corridors compared to lower speed corridors. Also, Figure 4.4 shows the percentage
of KA non-motorized crashes by speed limit and lighting conditions. Similar trend is observed, a
higher proportion of fatal or incapacitating injury crashes on dark -unlighted crashes occur on
higher speed corridors.
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4.1.4 Location Type (Intersection/Midblock)

Intersection crashes were classified as those non-motorized crashes which occurred within 150
feet radius of intersection (Dolatsra et al., 2017). Table 4.6 shows the proportion of non-motorized
crashes based on location type (intersection/midblock) and speed limit category. In urban low-
speed corridors, more crashes occured at intersections (58%) compared to midblock locations. On
the other hand, urban high-speed corridors have more crashes occurring on midblock (55%)
compared to intersections. For the case of rural areas, both low-speed corridors and high-speed
corridors experienced more crashes on midblock compared to intersections. However, a higher
proportion of midblock non-motorized crashes is observed in high-speed corridors (85%)
compared to low-speed corridors (55%).

Table 4-6. Location Type and Non-motorized Crashes Proportion by Speed Limit Category

Area Low —Speed Corridors High —Speed Corridors

Type Non- Crash Percent of Non- Crash Percent of
motorized Location Non- motorized Location Non-

Crashes motorized Crashes motorized

Crashes Crashes

Urban 34,317 Intersection 58% 7,647 Intersection 45%
Midblock 42% Midblock 55%
Rural 1,253 Intersection 45% 2,618 Intersection 15%
Midblock 55% Midblock 85%

4.2 Selection and Site Visits of Higher-Speed High-Risk Corridors

Identifying high risk corridors was necessary so as to understand the crash patterns and identify
the most potential locations for improvements. First, heat maps using a larger radius were produced
using crashes to identify the MDOT regions where the non-motorized crashes are concentrated.
Figure 4.5 shows heatmaps for urban and rural high-speed corridor crashes. The maps show that
non-motorized crashes on high-speed corridors are concentrated in Southeast Michigan cities
(especially Detroit), Grand Rapids, Lansing, Kalamazoo, Holland, Muskegon and Flint cities. On
the other hand, rural crashes are scattered with few hotspots. Rural high-speed corridor non-
motorized crashes are concentrated in the following counties: Clare, Montcalm, VVan Buren, St.
Joseph, Branch, Ottawa, Mecosta, and Hillsdale.
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Figure 4-5. Heatmaps for Non-motorized High-Speed Crashes in Michigan

4.2.1 Kernel Density Estimation

Kernel Density Estimation (KDE) estimates the density of features in the vicinity around those
features. It calculates the magnitude per unit area of point features for this case crashes, around
each output raster cell. When more points (crashes) are near the cell, a higher kernel density is
attained while if points are far from the cell a lower kernel density is attained. There are two
parameters which affect the KDE, which are search radius (bandwidth) and cell size (Thakali et
al., 2015). Use of larger sizes results in densities which are over a larger area while smaller sizes
result in computation over smaller areas but may take larger computational time. In this analysis,
the selection of sizes was a trade-off between the computation area and time. A radius of 1,000 ft
was used for high-speed corridors to clearly identify hotspots. Due to the differences between
urban and rural areas, crash density maps were produced for urban and rural areas separately. Also,
hotspots were also produced for midblock and intersections separately because in some instances
corridors can be categorized as high-risk due to the presence of a high number of intersections
with crashes. Separating the hotspots for midblock and intersection provides room for picking up
corridors with a high number of crashes on both intersection and midblock. Figure 4.6 shows the
KDE for the Southeastern area in Michigan for high-speed corridor crashes. The KDE is presented
in a raster format which is made up of a grid of cells. Raster calculator tool in ArcGIS was used to
remove all cells with zero density. The average density was used as a cutoff so as to remain with
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locations with high risk. From Figure 4-6, the high-speed KDE had average density of 3 non-
motorized crashes per square miles. The corridors which appear as hotspots as shown in Figure 4-
7 were selected as high-risk corridors.

 Lake Orion N
A
24
| .
o‘v'\“atcrford - [} 53 - E
- . \chester Hills . '
O
" o 1 a8
| & L u
L i ?
' 2 jontiac L | | = ‘ ;i
X | PR 1 L :

Mt Clemens
Sterling He@ts o
¥ e o

i i =
Jge = =g -8 5 t
& i *fmmqr n i

5 3 i = I P g ‘rr‘

i S{Clair Stores
Farmiington'fill3 OSm.:nue;d e ORO\"H‘ Witk
{ i 1
" » e Grosse Point
ETJ! Bl (o) Woods
i m ‘ (F_\’;\Vd:iu!’onle
] | 1} ;
i Livonig = vk Grosse Pointe
8O S & Park
Detroit
. i‘d”“ .’”““”W Mo Wcabom a Tecumseh
d
- : S
. E_ & - j O
3
Taylor
Legend{omums l
Belleville T H W
Kernel Density - # ©
High Speed
Value (in sq. miles) (1) =
rovince of Ontarid, Oakland County, Michigan, ESdZHERE, Garmin
- 71.19 SafeGraph, FAO, METI/NASA, USGS, EPA, NPS
3 o Gal
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Corridors

4.2.2 High-Speed High-Risk Corridors

A total of 37 corridors were selected from the locations which were observed from KDE raster as
high-risk urban high- speed corridors and 27 as high-risk rural high-speed corridors. The complete
list of these urban high-speed and rural high-speed high-risk corridors are shown in Appendix 9.8
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and Appendix 9.9, respectively. The spreadsheet containing the list of high-risk corridors was also
provided to MDOT as a standalone deliverable. Figure 4.7 is a map showing the selected high-
speed high-risk corridors in Michigan.
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Figure 4-7. Selected Urban and Rural High-Speed High-Risk Corridors

After selecting the high-risk corridors in both urban and rural areas as depicted in Figure 4-7, the
crash rates were calculated so as to rank these corridors. Non-motorized crash rate was calculated
based on total non-motorized crash on a given corridor over the twelve years of crash data. The
roadway miles were used as the measure of exposure. The highest non-motorized crash rate in
urban high-speed corridor is 3.8 crashes per mile per year while the highest crash rate in rural high-
speed corridor is 0.5 crashes per mile per year (Figure 4-8).
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Figure 4-8. Non-motorized Crash Rates on High-Speed High-Risk Corridors

4.2.3 Site Visits for High-Speed Corridors

From the list of selected high-speed high-risk corridors, few sites with high crashes from different
cities were selected for a site visit. Selection was based on the number of crashes as well as their
severity. Also, the geographical location of the site was considered. The list of visited high-speed
corridors is presented in Table 4-7.

The site visits provided a rich source of information in regard to the causes of crashes on higher
speed roads. The WMU team consisting of Ron Van Houten, Jun Oh and Valerian Kwigizile
visited crash sites with the UD-10 Traffic Crash Reports in hand and examined the police narrative
and crash diagram for day and night crashes. If most crashes occurred at night the team visited the
crash sites one hour or more after sundown and measured lighting levels using a Konica Minolta
T-10A Illluminance Meter to measure the light intensity in Lux. One Lux is equal to one lumen per
square meter. Federal Highway studies indicate that 25 Lux is a good level of illumination to see
a pedestrian crossing at night. Based on the crash diagram and narrative the light level reading was
taken at the approximate vicinity of each crash. The team also examined all crash sites during the
daytime in order to better determine the presence of engineering features at each site, such as lane
width, type of crosswalk marking, curb turning radii, and presence or absence of any crash
countermeasures that might influence the presence of a crash.
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Table 4-7. High-Risk High-Speed Corridors Selected for Site Visit

s/n | Corridor Name | Location | Length | Crash Rate KA Total Total Percentage
(Mi) (CrIMilYr) | Crash Number | Number of KA
Rate of KA of KA Nighttime
(Cr/Mil | Crashes | Nighttim Crashes
Yr) e Crashes
1 Harper Avenue Detroit 0.5 3.79 0.76 4 4 100%
2 S. Groesbeck Detroit 0.5 3.03 1.13 6 6 100%
Highway
3 28t Street SE Grand 0.5 2.08 1.14 11 8 73%
Rapids
4 Division Avenue Grand 0.4 3.13 0.42 2 2 100%
Rapids
5 S. Gratiot Detroit 3.3 2.35 0.64 26 14 54%
Avenue
6 Riley Street Holland 1.2 2.25 0.34 5 2 40%
7 Washtenaw Ann Arbor 1.8 1.62 0.37 8 7 88%
Avenue
8 Alpine Avenue Grand 15 1.52 0.34 6 6 100%
Rapids
9 S. Cedar Street Lansing 3.3 1.25 0.35 14 8 57%

Examination of corridors with a high percentage of pedestrian crashes at night consistently had
extremely low levels of illumination (between 1 and 12 Lux) at the crash sites. When pedestrians
were observed crossing, they were difficult to see and appeared as shadows. In many cases the
legacy light sources were on low light posts, or poor light sources on higher posts. At some sites
higher intensity LED lighting was located near the crash site but was not aimed in such a manner
as to illuminate the crosswalk.

4.2.4 Findings from Site Visits on High-Speed Roads

Harper Ave Detroit. North of 16 Mile Rd. Harper Ave has two lanes in each direction and a
center turning lane. South of 16 Mile Rd the number of lanes is reduced to one lane in each
direction with a center turning lane. The speed limit is 45 mph. Most crashes occurred at night
along this corridor and 7 of the 8 K&A crashes along this corridor were at night.

One third of the crashes occurred at the intersection of Harper Ave and 16 Mile Rd. Three of these
crashes were K&A crashes. Illumination measurements were taken at each corner at this location.
All the lighting readings at this location were very low. Light readings at the NE Corner was 0.87
lux, at the SE corner 0.67 lux, at the NW corner 6.4 lux and at the SE corner 0.17 lux. Figure 4-9
shows the site layout and light readings.

59



: . -

16 Mile Road C of

& Harper ]

. -

Figure 4-9. Site layout and light readings at Harper Ave, Detroit

Many of the crashes occurred at minor intersections and involved turning or through vehicles.
Some crashes involved bicycles.

The following countermeasures would be helpful at this site.

1. Installing LED lighting at all the signalized crosswalks at the intersection with 16 Mile
Road, a high crash area, light bars can be inexpensively installed on the signal mast arms
to provide excellent lighting at all crosswalks. We also recommend installing high
visibility crosswalk markings at this location.

2. Installation of refuge islands at some of the minor intersections could be helpful to
pedestrians and possible cyclists crossing this road.

3. Improved spot lighting at all unmarked intersection locations would be helpful as well.

S. Groesbeck Highway at Cass Ave, Detroit. Groesbeck Hwy. has two travel lanes in each direction
and a center turning lane with a posted speed of 50 mph. The WMU team visited this corridor on
October 24, 2022 and conducted observations at crash sites along this corridor during daytime
hours and took light meter readings after dark. At the NW and SW intersections of Groesbeck at
Cass the right turn lanes have a wide turning radius. This contributes to the seriousness of crashes
involving turning vehicles. Although a luminaire was located at three of the corners of this
intersection and placement and aiming of the luminaires produced relatively poor lighting at three
of the four corners. The light meter reading at each corner of the intersections are as follows: At
the NE corner the light level was 85 lux, at the SW corner the light reading was 1.9 lux, at the NW
corner the reading was 4.6 lux and at SE corner the reading was 6.7 lux. Crashes occurred at the
intersections with low lighting.

Several of the crashes including the serious crashes occurred close to the Meijer located on
Groesbeck Highway. The lighting on the sidewalk at Meijer was 0.6 lux. We saw a person
walking a bike with groceries packed straddling the bicycle. He appeared as a shadowy figure
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because of the poor lighting. People from the community likely walk or use bicycles to shop at
this store and better lighting is required. Figure 4-10 shows the site layout and lighting readings.

Figure 4-10. Site layout and light readings at S. Groesbeck Highway/Cass Ave, Detroit

The following additional countermeasures would be helpful at this site.

1. We strongly recommend aiming the luminaires at this crosswalk to provide better lighting
and installing an additional luminaire on the SW corner of the intersection with 3 Mile
Road, a high crash area. We would also recommend tightening the turning radii with
rollable curb and installing high visibility crosswalks at this location.

2. We recommend installing LED lighting at the location in front of the Meijer’s.

3. A refuge island may also be helpful at the site by the Meijer’s store. since people need to
cross to get to the store.

4. A high visibility crosswalk with advance stop lines and a RRFB or hybrid beacon should
also be considered. Advance yield markings should also be installed.

E Beltline Ave SE/ 28th St SE at Mall Service Dr. Grand Rapids. The segment on E. Beltway Ave
SE has two lanes in each direction with a center turn lane that is adjacent to the Woodland Mall
and divides the Mall and several businesses and restaurants on the other side of the street as shown
in Figure 4-11. There were 18 crashes in this segment with 10 (more than half) comprising K&A
crashes. There are sidewalks on the West side of E. Beltline Ave but no sidewalks on the right
side. All of the K&A pedestrian crashes but one (a multiple threat crash) along this corridor
occurred at night. Two of these crashes were fatal.
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Figure 4-11. Site Layout at 28th St SE/E Beltline Ave SE

The portion of this segment on 28th Street has two lanes in each direction with a center turn lane
and is at the intersection of 28th St and Mall Service Dr. There were 4 crashes at this site, one
which was a fatal crash and one that was an incapacitating crash. The fatal crash occurred at night
and the injury crash occurred at Dawn. This intersection connects the Mall with businesses and
restaurants. There are no crosswalks between the Mall and the other side of 28th St. or the other

side of E. Beltway Ave SE. Figure 4-12 shows the section of the roadway lacking pedestrian
Crossings.
/"/7/»

Figure 4-12. Section of E Beltline Ave SE lacking pedestrian crossings
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Although daytime and night crashes were evenly divided at this site, all but one of the most serious
crashes occurred at night. The absence of any way to cross to the South or East along this segment
except for one signalized crosswalk contributes to the number of crashes. Ten of the 18 crashes
occurred at Mall exits at Mall Dr. SE, E Mall Dr SE, and Mall Service Drive. It is possible that
some of those struck may have arrived at the Mall by bus and were traveling between the Mall and
other businesses. Others may have been staying at motels and traveling to a place to eat.

The following additional countermeasures would be helpful at this site.

1. Installation of LED lighting at all mall exit areas along this route.

2. Installation of refuge islands without crosswalks at the unsignalized exits to the mall on
E. Beltline Ave.

3. Consideration of installing a signal at the intersection of 28th St. and Mall Service
Road/Shaffer Ave SE. If a signal is installed it is recommended that the turning radii be
reduced and that a high visibility crosswalk be added. If a signal with a mast arm is
installed we recommend installing light bars under the mast arm to fully illuminate the
crosswalks.

Division Ave S, Grand Rapids. Division Ave S is a five-lane road with two lanes in each direction
and a center turn lane and a speed limit of 45 mph. On October 19, 2022 WMU team visited this
corridor and conducted observations at crash sites along this corridor during daytime and nighttime
hours. Eighty percent of the crashes along this corridor segment occurred at night. The lighting
levels in this area are very poor with old style streetlights with 3.4 lux reading directly under the
light and 0.7 lux between lights. Half of the crashes occurred at the signalized intersection at 60th
Street. The pedestrian crashes in this area were all at night typically involving a turning vehicle.
Illumination readings at this location are as follows. At the NW departure points the light readings
were 1.4 and 1.1 lux, at the SW departure points the light readings were 10.5 and 13.8 lux, at the
NE departure points the light readings were 5.5 and 0.43 lux, and at the SE departure points light
readings were 1.52 and 1.75 lux. There was only one streetlight at this location at the SW corner.
None of the crashes occurred at the corner that had the highest lighting level. Figure 4-13 shows
the layout of the intersection of Division Ave and 60" Street as well as the light readings.
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Figure 4-13. Site layout and light readings at the intersection of Division Ave and 60th
Street, Grand Rapids

Several cyclists were also struck along this corridor, some at night and some during the day, many
were struck by turning vehicles. In some cases, the cyclists were traveling in the wrong direction
on the sidewalk. The wide turning radii at intersections may have contributed to these crashes.
Observation along this corridor included pedestrians that appeared as shadows under poor lighting.
Many of the crashes involved turning vehicles. Police reports typically mentioned the driver saying
they did not see the pedestrian.

The following additional countermeasures would be helpful at this site.

1. Installing LED lighting at all the signalized intersections at 60th Street.

2. Replacing the street lighting along this segment with LED lighting.

3. Tightening the turning radius at crosswalks using rollable curb to facilitate trucks making
turns.

4. Installing refuge islands without crosswalks or with an RRFB at the intersections at
Violet St., Peony St., N. Kenbrook St., and Hyacinth St. If an RRFB is installed we
recommend high visibility markings, advance yield markings, and dynamic LED lighting.
If islands alone are installed, we do not recommend crosswalk markings.

S. Gratiot Ave., Detroit. South Gratiot Ave is a divided eight lane road with three lanes in one
direction, four lanes in other directions and a center turn lane. This road has a speed limit of 50
mph. There is currently extensive construction at this site. On October 19. 2022 the WMU team
visited this corridor and conducted observations at crash sites along this corridor during daytime
and nighttime hours. The lighting of businesses along the route may contribute to the poor visibility
at night on this roadway.

The majority of crashes occurred at intersections with a high percentage of serious and fatal crashes
involving pedestrians occurring at the intersection with 3 Mile Road and the ramps for 1-96.
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Working from the UD 10 forms with close attention to the narrative and crash diagrams, we noted
very poor lighting at these locations. At one fatal pedestrian crash location we noted that the crash
occurred in an area with a turn lane onto the highway with a large turning radius and complete
darkness (lighting level measured to be 0.1 lux. We noted many drivers making this turn at a high
rate of speed.

Observation on the site included pedestrians as shadows under poor lighting. Many of the
crashes involved turning vehicles.

The following countermeasures would be helpful at this site.

e We strongly recommend installing LED lighting at all the signalized crosswalks. If mast
arms are installed as part of construction light bars could be installed under the mast arms
to fully illuminate the crosswalks.

o Not all the crosswalks along S. Gratiot Road had high visibility crosswalk markings. We
recommend installing them for all crosswalk legs along this corridor.

e We also recommend tightening the turning radii at crosswalks using rollable curb to
facilitate trucks making turns.

Riley St., Holland. Riley street is a four-lane road with two lanes in each direction and a center
turn lane and a posted speed of 50 mph. Most of the crashes on this road involved bicycles. On
October 19, 2022 the WMU team visited this corridor and observed crash sites during daytime
hours because most of the crashes occurred during the day. The road is too fast for bike lanes and
there is only sidewalk on the North side of the road. This compels cyclists to travel against traffic.
We noted cyclists riding on the sidewalk in both directions. At the signal at Riley and US-31
pedestrians need to wait too long to cross and need to make two separate crossings, one at the start
and one at the median island. Pedestrians will not wait that long to cross. Most of the bicycle
crashes (6) along this corridor involved bicycles hit by a right turning vehicle. The turning radius
is so wide that vehicles turn at a high rate of speed. Tightening the radii with rollable curbs could
help at these intersections. Figure 4-14 shows the intersection layout of Riley St and Highway 31.
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Figure 4-14. Intersection layout for Riley St. and US 31, Holland

At minor street such as John F Donnelly Dr. and Windquest Dr. there were crashes between
bicycles and vehicles turning onto Riley St. Drivers do not expect cyclist on the sidewalk and they
do not expect wrong way cyclists. The following countermeasures would by helpful this site.

1.

2.

At Riley St at 132nd Ave we would recommend reducing the turning radii and installing
a RRFB along with high visibility markings, and advance yield markings.

At the intersection with US-31 we recommend providing pedestrians and cyclists more
time to cross. We also recommend tightening the turning radii.

Widening the sidewalk so it looks like a walking and bicycle trail and tighten the turnings
radii along the entire route.

At the trail crossing west of US-31 we recommend installing an RRFB along with
advance yield lines and a high visibility crosswalk.

At the intersection of Riley and 128th Ave we recommend tightening the turning radii
and installing high visibility crosswalk markings.

At minor intersections at John F Donnelly Drive, and Windquest Dr. place stop signs for
bicycles. High visibility crosswalks. Place bicycle signs with reflective bases. Also
consider Look for bicycles both ways sign in paint in roadway.

As a general countermeasure, painting bicycle symbols in the roadway just before the
sidewalk going in both directions is another potential option.

Washtenaw Ave, Ann Arbor.

Washtenaw Ave is a five-lane road with two lanes in each direction and a center turn lane with a
speed limit of 45 mph. On October 24, 2022 the WMU team visited this corridor and conducted
observations at crash sites along this corridor during daytime and nighttime hours. There is no
street lighting along this road. The lighting of businesses along the route may contribute to the
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poor visibility at night along this roadway. We measured lighting at one gas station along the route
at 690 lux.

Most crashes along this corridor and all K&A crashes occurred at intersections locations, both
signalized and unsignalized sites. Most crashes including K&A crashes occurred at minor
intersections without a traffic signal. The light levels measured at these locations were between
0.2 and 0.6 lux. Observation on the site included pedestrians as shadows under poor lighting. Many
of the crashes involved turning vehicles. Some of these crashes involved pedestrians crossing at a
bus stop location.

Light meter readings at signals were better with only one K&A crash at a signalized location at
Washington and Carpenter with readings with illumination readings at the corners varying between
26.5 lux and 45.3 lux except for the one corner with a light level of 13.2 lux. The single K&A
crash at this location involved a pedestrian struck starting the crossing from the darkest corner.
Two K&A Crashes occurred at the signalized intersection at Golfside Road. Both pedestrians
began crossing from the corner with the poorest lighting (5.1 and 4.5 lux, 2.1 and 5.2 lux). The
remaining intersections with no crashes had higher reading with on at 37.2 and 34.2 lux and 22.4
and 7.4 lux. Eight crashes occurred at the signalized intersection of Glencoe Hills Drive and Dalton
Ave. This is the only signalized intersection with mast arms.

The following countermeasures would be helpful at this site.

1. We recommend installing LED light bars on all of the mast arms at the intersection of
Glencoe Hills and Dalton Ave.

2. We recommend installing LED lighting at each of the minor intersection along this route.

3. As speed is also a factor in these crashes, we would recommend reducing the speed limit
at this site. Solar powered feedback signs and other countermeasures could be helpful in
improving compliance with a reduced speed limit if supported by a speed study.

4. We also recommend tightening the turning radius at crosswalks using rollable curb to
facilitate trucks making turns. Installing refuge islands at locations with crashes would
also be helpful. In some cases, an RRFB with advance stop lines and a high visibility
marked crosswalk could be considered if the speed is reduced. We also recommend that
the dynamic lighting feature be included with the RRFB.

Alpine Ave. Grand Rapids. Alpine Ave NW is a five-lane road with three lanes in one direction
two lanes in the other direction and a center turn lane and a speed limit of 45-50 mph. On October
19th the WMU team visited this corridor along with one of our graduate students conducted
observations at crash sites along this corridor during daytime and nighttime hours. The lighting of
businesses along the route may contribute to the poor visibility at night on the roadway. The
majority of these crashes occurred at intersections with a high percentage serious and fatal crashes
involved pedestrians and occurred at the intersection with Alpine Ave and the ramps for | 96
(Figure 4-15).
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Figure 4-15. Site Layout at Alpine Ave showing its intersection with ramps for Interstate 96

Working from the UD 10 forms with close attention to the narrative and crash diagrams, we noted
very poor lighting at these locations. At one fatal location we noted that the crash occurred in an
area with a turn with a large turning radius and complete darkness (lighting level measured to be
0.1 lux). Figure 4-16 shows nighttime conditions at the location where a fatal crash was recorded.

Figure 4-16. Nighttime condition at Alpine Ave and the 1-96 ramp

68



Observation on the site included pedestrians as shadows under poor lighting. Many of the
crashes involved turning vehicles.

The following additional countermeasures would be helpful at this site.

e We strongly recommend installing LED lighting at all the signalized crosswalks.

o Not all of the crosswalks on Alpine Ave NW had high visibility crosswalk markings. We
recommend installing them for all legs along this corridor.

e We also recommend tightening the turning radius at crosswalks using rollable curb to
facilitate trucks making turns.

S. Cedar St. Lansing. S Cedar Street is a five-lane road with two lanes in each direction, a center
turn lane and a speed limit of 45 mph (Figure 4-17). On November 9, 2022 the WMU team visited
this corridor and conducted observations at crash sites during daytime hours and a light reading at
and between crosswalks. There are many access points along this road and only a few signals and
one Hybrid Beacon at a trail crossing. Most of the crashes along this corridor occurred during the
day. Working from the UD 10 forms with close attention to the narrative and crash diagrams, we
noted a high proportion of crashes involved bicycles. These crashes during the day and at night
tended to occur midblock. We also observed the behavior of drivers, pedestrians, and cyclists.
Observation along this corridor included seeing pedestrians crossing midblock and seeing cyclists
riding on the sidewalk. The major issues were speed and lack of adequate opportunities to cross
the street.
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Figure 4-17. Site Layout at S Cedar St showing a segment from E Mt Hope Ave to E
Rockford Rd
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Because of the speed and few places to cross the street, cyclists on one side of the road tended to
ride against the direction of traffic on the sidewalk. Cyclists were also struck crossing the roadway
midblock or at the location of a minor street without a crosswalk. S. Cedar Street is a bus route
and some crashes involve pedestrians crossing the street near bus stops. Pedestrian generators such
as businesses and restaurants were located on both sides of the street. The northern portion of the
street passed through a residential area with houses located close to the street. At traffic signals
some crashes involved pedestrians starting during the flashing Don’t Walk indication

This site had LED street lighting on both sides of the road. We took light meter readings an hour
after sunset below the LED lighting at the curb and between two lights at the curb. After examining
the lighting, we noticed that the lighting for the area under the streetlights was 57.5 lux which is
above the recommended lighting level of 20 lux. Between crosswalks the lighting level was 18.8
lux which is just a bit below 20 lux. Given the LED lighting allowed use of the daytime vision
(cones), we felt that nighttime visibility along this corridor was excellent. Figure 4-18 shows the
nighttime condition during site visit.

Figure 4-18. Lighting condition along S. Cedar St., Lansing

The following crash countermeasures would be helpful at this site.

e Because there are few places to cross the street, we would recommend pedestrian refuge
islands to be installed in the areas with multiple midblock crashes. This would allow
pedestrians to cross one half of the roadway at a time. This countermeasure is associated
with a robust crash reduction factor. These islands could be placed close to street lighting
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to help reduce midblock crashes at night. We do not recommend installing crosswalks at
these sites because of the risk of multiple threat crashes.

e Installing count down timers at signalized locations might be helpful because some
crashes involved starting to cross late in the cycle. We also recommend installing high
visibility crosswalk markings and tightening the turning radii at these sites. High
visibility crosswalks should be considered if RRFB or PHB are installed with advance
yield or advance stop lines.

e We also recommend reducing the speed of this corridor to 35 mph if supported by a
speed study. Compliance with the new speed could be improved by using paint to reduce
lane width and using solar speed feedback signs. We would also recommend using large
signs at the start of the reduced speed zone with signs on both sides of the road facing the
reduced speed zone, and a third sign on an island in the center lane.

4.3 ldentification of High-Risk Corridors on Lower Speed Roads

Although the focus of this study was on high-speed roads (those with a posted speed limit of 45
mph and above), the research team replicated the methodology to identify high-risk corridors in
lower speed roads at the request of MDOT. The main goal of this added task was to generate
necessary information needed by MDOT to perform assessments of vulnerable road user (VRU)
crashes.

4.3.1 Selection of Lower Speed High-Risk Corridors

A total of 155 urban corridors and 28 rural corridors were selected from the locations which were
observed from KDE raster as high-risk. Figure 4-19 is a map showing the selected urban and rural
high-risk low-speed corridors in Michigan. The complete list of these urban lower speed high-risk
corridors is shown in Appendix 9.10 while the complete list for rural lower-speed corridors is
shown in Appendix 9.11. The spreadsheet containing the list of high-risk corridors was also
provided to MDOT as a standalone deliverable. The list shows that 96% (27) of the selected high-
risk rural low speed corridors passed through either a village or city. Moreover, 80% (22) of these
corridors were connected to high-speed road segments less than 2 miles away. After selecting the
corridors which are shown in Figure 4-19, the crash rates were calculated so as to rank these
corridors. Figure 4-20 shows the crash rates of the selected low-speed corridors.
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Figure 4-19. Selected Urban and Rural Low-Speed High-Risk Corridors
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Figure 4-20. Non-motorized Crash Rates on Low-Speed High-Risk Corridors

From the list of selected low-speed high-risk corridors, eight sites with high crashes from different
cities were selected for a site visit. Selection was based on the number of crashes as well as their
severity. Also, the geographical location of the site was considered. The list of visited low-speed
corridors is presented in Table 4.8.

Table 4-8. High-Risk Low-Speed Corridors Selected for Site Visit

s/n Corridor Location | Length Crash KA Total Total Percentage
Name (Mi) Rate Crash Number | Number of KA
(Cr/MilYT) Rate of KA of KA Nighttime
(Cr/Mi/ | Crashes | Nighttime Crashes
Yr) Crashes
1 Fulton Road Grand 0.59 12.2 1.26 9 3 33%
Rapids
2 Martin Luther Detroit 0.44 10.91 150 8 8 100%
King Boulevard
3 E Grand River | E Lansing 1.16 10.76 1.15 16 2 13%
Avenue
4 S University Ann Arbor 0.38 8.4 111 5 0 0%
Avenue
5 E Michigan Lansing 0.65 7.47 0.9 7 6 86%
Avenue
6 S River Avenue Holland 0.57 6.05 0.59 4 1 25%
7 Gratiot Avenue Detroit 1.76 5.9 2.04 43 38 88%
8 W Michigan Kalamazoo 1.21 4.1 0.76 11 8 73%
Avenue
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4.3.2 Findings from Site Visits on Lower Speed Roads

West Michigan Ave between S. Drake Rd. and Howard St. This road has two lanes in each direction
and a center turning lane. The speed limit along this corridor is 35 mph. An extra turn lane exists
at the intersection of Howard St. On June 15, 2023, the WMU team visited this corridor and
conducted observations at crash sites during daytime hours and light readings were made at all
night crash sites beginning one hour after sunset. This site was interesting because all the fatal
crashes occurred at night and 73% of all crashes occurred at night. Eighty six percent of the night
crashes occurred at lighted locations. Light readings at crash sites varied between 0.3 lux and 12.9
lux. and most crash sites had light readings below 5 lux.

The following crash countermeasures would be helpful at this site.

1. Because most crashes occurred at night, we recommend installing LED lighting at
intersections along this corridor. The signalized intersection at Emajean St. has signal
mast arms and we recommend installing light bars under the mast arm crossing West
Michigan. This was the site of one of the fatal crashes. We also recommend installing
light bars at the signalized intersections of Eldridge Dr., Dobbin Dr., and Greenwood
Ave. which also have signal mast arms.

2. Several crashes occurred at night at the signalized intersection of West Michigan Avenue
and Howard St. Because this intersection has span wires, we recommend installing
luminaires at each corner of the intersection at this location.

3. We also recommend installing refuge islands and improved LED lighting at minor street
locations along with RRFBs with adding dynamic lighting and advance yield markings
and signs.

E. Grand River Ave between and Abbot Rd. and Hagadorn Road. This road has three lanes in each
direction divided by a median island between Abbot Rd, and just before Durand St. and two lanes
in each direction from Durand Rd. and Hagadorn Rd. There is a wide sidewalk on the NE side of
the intersection that serves as a multiuse pedestrian/bicycle path. We observed many pedestrians
and bicyclists using this sidewalk as a trail. The speed limit along this corridor is 25 mph for the
portions divided by a median island and 35 mph for the remainder of the corridor. The WMU team
visited this corridor on August 9 2023, and conducted observations at crash sites during daytime
hours. Only 13% of K&A crashes occurred at night at this site. Along the road segment divided
with a solid median there are six crosswalks marked with high visibility markings and four
crosswalks with signals with transverse markings. There is one crosswalk at a bus stop along the
remainder of the corridor that is marked and two traffic signals also four crosswalks marked with
transverse lines with traffic signals along this portion of the road with a paved median marked with
high visibility markings and two crosswalks marked with transverse lines. At Hagadorn each
crosswalk traverses six lanes.

The following crash countermeasures would be helpful at this site.
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1. Atthe intersection of E. Grand River Ave. and Hagadorn Rd. Lansing. we recommend
high visibility markings and improved lighting. We also recommend high visibility
markings at all signalized crosswalks along this corridor.

2. Many of the crashes along this corridor occurred at intersections with wide sidewalks
which serves as a walking/bicycling path. These crashes involved a pedestrian or cyclist
in the crosswalk being struck by a vehicle proceeding at the stop sign to cross E. Grand
River Ave. We recommend high visibility crosswalk markings at each of these
crosswalks and the installation of pedestrian warning signs on both sides of the road
facing the intersection to warn drivers to watch for pedestrians and cyclists in the
crosswalk. This is most critical at the T intersections with Spartan Ave, Milford St., and
Division St.

East Michigan Ave between N. Grand Ave. and S. Pennsylvania Ave. Lansing. This road has four
lanes and a center turning lane and some on road parking. The speed limit along this corridor is 30
mph The WMU team visited this corridor on August 9, 2023, and conducted observations at crash
sites during daytime hours and light readings were made at all night crash sites beginning one hour
after sunset. At this site 86% of K&A crashes occurred at night. Light readings were taken at most
departure points varied between 17.8 lux and 158 lux. At one of the two departure points with low
readings one of two bulbs was burned out and at the other the post was further away from the
intersection. However, the current light sources provided less illumination within the crosswalk
with readings between 5 lux and 10.8 lux. Seven the eight K&A crashes that occurred at this site
occurred within the crosswalk at locations with poor lighting.

The following crash countermeasures would be helpful at this site.

1. Because most crashes occurred at night, we recommend installing LED lighting at
intersections along this corridor. This type of lighting would illuminate most of each
crosswalk.

2. A couple of crashes occurred close to a bus stop. We also recommend consideration of
far side bus stops to discourage transit users from crossing in front of the bus.

W. Fulton St. between Monroe Ave. NW and Lafayette Ave SE., Grand Rapids. This road has four
lanes and a center turning lane and median between Monroe Ave and Jefferson Ave SE and is 4
lanes from there to Lafayette Ave SE. with some on street parking. The speed limit along this
corridor is 25 mph and most of the K&A crashes occurred during daylight conditions. The WMU
team visited this corridor on August 9" and conducted observations at crash sites during daytime
hours. There are no bicycle lanes on Fulton St. and many cyclists ride in the street. High speed
cycling down a hill led to several serious bicycle crashes at this site. The hill and cyclist speed
and inability to brake effected these crashes. Several of the cyclists were trying to beat the signal
and crashed with through vehicles.

The following crash countermeasures would be helpful at this site.
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1. We recommend warning signs for bicyclists to maintain a safe speed on the downhill
section to avoid a serious crash. These signs should be large and conspicuous and
marking could be added with a message to support these signs.

S. River Road, between E. 16" St. and W. 7" St. Holland. This road has two north bound lanes
and one south bound lane and a center turn lane. The speed limit is 30 mph transitioning to 25
mph north of 9" Street. The WMU team visited this site on Aug 9, 2023, during daylight hours
because only 25% of K&A crashes occurred during nighttime hours. We observed many
pedestrians and bicyclists at this site. Most bicyclist’s road on the sidewalk. This is a downtown
site with a high traffic volume and a large amount of truck traffic.

The following crash countermeasures would be helpful at this site.
1. We suggest high visibility crosswalks at each of the signalized intersections.
2. We also suggest installation of signage to prompt motorists to look for cyclists.

3. Many cyclists were struck at stop sign locations. We recommend placing multiple stop signs, one
on each side of the road to encourage drivers to come to a complete stop and look for bikes.
Painting “look for bicycles” in the roadway at approaches is another possible alternative. Because
many pedestrians and cyclists were struck by turning vehicles at signal locations, signage next to
traffic signal may help.

South University Ave between Tappan St. and Walnut St. Ann Arbor. This road has one lane in
each direction with on street parking and a speed limit of 25 mph. The WMU team visited this
corridor on August 23, 2023, and conducted observations at crash sites during daytime hours. At
this site 100% of K&A crashes occurred during daytime hours. All but one of the pedestrian
crashes involved a through or turning vehicle striking a pedestrian in a crosswalk at a street with
four way stop signs. One bicycle crash involved a vehicle traveling too fast. At stop sign controlled
intersection of S. University and E. University and Church Street there was a total of 14 crashes
including one K and one A crash.

The following crash countermeasures would be helpful at this site.

1. Because the pedestrian and bicycle crashes involved speed on a street with four way stop
sign control we recommend raised crosswalks at each of the stop controlled crosswalk
legs.

2. We recommend high visibility crosswalk markings at EIm Street and turning vehicles
yield to pedestrian signs on the signal mast arms at the signalized intersection at S.
University and S. Forest Ave.

Martin Luther King Blvd. between 3" Ave and Woodward Ave. Detroit. This road has three lanes
in each direction and a median island at 3™ Ave between Cass Ave and Woodward Ave and one
lane in each direction with on street parking and a speed limit of 25 mph. The WMU team visited
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this corridor on August 23, 2023, and conducted observations at crash sites during daytime and
nighttime hours. At this site 75% of K&A crashes occurred during nighttime hours. All
intersections had LED street lighting except for Martin Luther King at Woodward Ave which had
low streetlights that appeared to have compact fluorescent light bulbs. Intersections with LED
lighting did not have lights at all departure points. Several bicycle crashes occurred on Martin
Luther King Ave including two A crashes. Pedestrian Crashes occurred in crosswalks including
one K crash. Lighting levels at Martin Luther King Blvd were below 20 lux at many sites but not
below 10 lux at any site. At the intersection of Martin Luther King Blvd and Woodward Ave the
light levels at crosswalks on the North and South legs were good but were low at the center of road
on the East West Crosswalks. The light reading obtained at Martin Luther King Ave and
Woodward Street are shown in Figure 4-21.
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The following crash countermeasures would be helpful at this site.

1. There appears to be a high level of bicycle use on Martin Luther King Blvd. We
recommend examining whether MV volume would allow adding bike lanes with posts to
discourage driving in the bike lane.

2. We recommend high visibility crosswalk markings at all crosswalks and improved
lighting by ensuring all crosswalks are adequately illuminated. Consider adding LED
lighting at Woodward.

Gratiot Ave between Seymour St. and 8 Mile Road. This road has three lanes in each direction
and a turning lane. The speed limit along this corridor is 35 mph and most of the K&A crashes
occurred during nighttime conditions. The WMU team visited this corridor on August 23, 2023,
and conducted observations at crash sites during daytime and nighttime hours. Most of the F&A
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crashes (88%) along this corridor occurred at night. There were many serious crashes along this
corridor. Roadway lighting was typically LED street lights. However, we noticed that the lights
were not always close to the crosswalk location. We were only able to take readings at Gratiot
Ave at 8 Mile Road because the onset of rain prevented readings because of the risk to damaging
the light meter. The light meter reading taken at Gratiot Ave and 8 Mile Road are shown Figure
4-22.
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Flgure 4-22. Lighting at Gratiot Ave and 8 Mile Road, Detroit

All three of the K&A crashes that occurred in a crosswalk at this site occurred in a crosswalk
with lower light readings. In addition to these crashes an additional four K&A crashes occurred
outside the crosswalks. Regarding lighting it is not known when LED lighting was installed
along Gratiot Ave. However, it was most likely in recent years. Although a number of these
crashes occurred at midblock locations many occurred at signal control intersections or close to
or at off set stop-controlled T intersections for the same road or adjacent roads.

1. We recommend installation of high visibility crosswalks at all signalized intersections
along this corridor along with improved lightings at locations where the street lights are
not close to the intersection.

2. Between adjacent off set T intersections were recommend installing refuge islands and
assuring that these areas have good illumination because many of these crashes occurred
between intersections. We would also consider placing pedestrian hybrid beacons with
advance stop lines or Rectangular Rapid Flashing Beacons with advance yield markings
at sites with frequent pedestrian crossing activity.
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5 TREATMENTS SELECTED FOR PEDESTRIAN AND BICYCLE
CRASHES ON HIGHER SPEED ROADS

5.1 General Guidance for Selecting Countermeasures

The selection of countermeasures for higher speed roads was based on appropriateness and
effectiveness of countermeasures along with the findings obtained from the crash analysis and
crash site visits along each corridor. It is imperative to consider the time of the day during which
the most severe crashes occur when selecting for a particular location. The general guidance for
selecting countermeasures for higher speed roads are described below.

5.1.1 General Guidance for Nighttime Crashes

When crashes occur predominately at night, poor lighting is likely the most important factor
leading to crashes. To confirm this hypothesis, it is important to measure lighting at the crash
locations. This can be done by visiting the locations, an hour after sundown with a light meter and
taking readings. FHWA recommends a light level of 20 lux or more. You may obtain readings
which are considerably less, often between 2 and 7 lux. At these lighting levels people appear as
shadows and are typically not seen by a driver until moments before the crash. The results of the
work done by WMU for MDOT found UD 10 Police Crash Reports indicating the pedestrian or
bicyclist was struck in a lighting location does not typically lead to high light level readings.
Officers will check the lighted box if there is a streetlight nearby. Often light level will be 7 lux or
less at the crash site. There are many new lighting solutions available for treating these crashes.

A good treatment set for night crashes at traffic signals are LED light bars installed under a mast
arm and high visibility crosswalk lighting. If lighting is mounted on span wires, LED luminaires
should be installed and aimed toward the crosswalk and entry locations. High visibility crosswalk
markings can also help reduce the occurrence of this type of crash. LED lights are easier to aim
than legacy lighting, but it is necessary to do so to ensure crosswalks are properly illuminated.

The good treatments for night crashes at uncontrolled intersections include refuge islands and
improved LED street lighting. Other possible countermeasures include installation of an RRFB or
a PHB with improved lighting. Advance stop lines should be installed along with either of these
treatments. In instances where these cannot be installed, consider just installing an island along
with improved lighting without crosswalk markings.

5.1.2 General Guidance for Daytime Crashes

When crashes occur predominately during the day, it is important to determine factors associated
with the crashes. At traffic signals and other intersections reducing the turning radii may be an
important factor. If the turning radii are wide tightening the radii can reduce crashes with
pedestrians and bicyclists using the sidewalk. Most bicyclists ride on the sidewalk rather than the
roadway along higher speed roads. Often bicyclists ride against the traffic on sidewalks because
there are few opportunities to cross the road. Reducing the turning radii can reduce these crashes.

A good treatment set for day crashes at traffic signals is the use of high visibility crosswalk
markings and the use of a leading pedestrian phase. These treatments can be used along with
tightening the turning radii.
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5.2 Countermeasures Recommended for Higher Speed Roads

5.2.1 Countermeasures Selected for Crosswalks at Traffic Signals

The countermeasures recommended for crosswalks at signalized intersections include Leading
Pedestrian Interval (LPI), tightening the turning radius, LED lighting on the existing mast arm,
and installing high visibility crosswalks. Table 5-1 shows the pictures of the recommended

countermeasures and their justification.

Table 5-1. Countermeasures recommended for crosswalks at signalized intersections on
higher speed roads

Countermeasure

Justification/Remarks

Leading Pedestrian Interval (LPI)
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Source: Saneinejad & Lo (2015)

v Statewide, 23% of non-motorized
crashes on high-speed corridors
involved left or right-turning vehicles.

v LPI may reduce pedestrian crashes by
13%.

Tightening the turning radius

i R1 = Actus! Curb Radius
| R2 = Effective Radius

Source: FHWA (2013)

v Statewide, 13% of Non-motorized

v High turning speeds were observed at

v/ May reduce pedestrian crashes by up

crashes on high-speed corridors
involved right-turning vehicles.

some visited sites.

to 59%.
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Countermeasure Justification/Remarks

LED lighting on the existing mast arm v The lighting of 20 lux may reduce
nighttime crashes by 20%

v/ High visibility crosswalks may reduce
pedestrian crashes by 23-48%

Source:Holeywell (2016)

5.2.2 Countermeasures Selected for Unsignalized Intersections and Midblock Crosswalks

The countermeasures recommended for unsignalized intersections and midblock crosswalks
include advanced stop/yield markings and sign, installing rectangular rapid flashing beacon
(RRFB), installing pedestrian hybrid beacon (PHB), and installing refuge island or raised medians.
Table 5-2 shows the recommended countermeasures and their justification.
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Table 5-2. Countermeasures recommended for unsignalized intersections and midblock
crosswalks on higher speed roads

Countermeasure

Justification/Remarks

Advanced stop/ yield markings and sign

v Advanced stop/yield markings and sign
may reduce pedestrian crashes by 25%

v/ RRFB may reduce pedestrian crashes by
47.4%

Source: Georgia DOT

v PHB may reduce pedestrian crashes by
45.7%
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Countermeasure

Justification/Remarks

Refuge island or raised median

Source: NACTO

v Refuge island may reduce pedestrian

crashes by 31.5%

5.2.3 Corridor Wide Improvements

The countermeasures recommended for higher speed corridor-wide improvements include

widening shoulders, adding sidewalks, using solar-

powered dynamic feedback signs, and changing

out existing streetlight to LED light. Table 5-3 shows the recommended countermeasures and their

justification.

Table 5-3. Countermeasures recommended for corridor-wide improvements on higher
speed roads

Countermeasure

Justification/Remarks

Widening Shoulders

Source: Small Town and Rural Design Guide

v Widening shoulders may reduce bicycle
crashes up to 18% depending on the
increased width.
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https://nacto.org/publication/urban-street-design-guide/intersection-design-elements/crosswalks-and-crossings/pedestrian-safety-islands/
https://ruraldesignguide.com/visually-separated/paved-shoulder

Countermeasure Justification/Remarks

Adding Sidewalks
i ; v Sidewalks may reduce pedestrian crashes
by 40%

Solar-powered dynamic feedback signs v Solar-powered dynamic feedback signs
may reduce pedestrian crashes by 5%

Source: Johnston (2021)

Change out existing streetlight to LED light
v The lighting of 20 lux may reduce
nighttime crashes by 20%

€.

Source: AGC Lighting (2020)

5.2.4 Countermeasures for Transitions from Higher Speed Roads to Lower Speed Roads
in Rural Communities

Small rural communities (rural villages and rural cities) are mostly located along a major state or
county road and hence most of the traffic is just passing through rather than being local traffic.
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These major state or county roads that go through the small rural communities are usually
characterized by a high-speed limit which is reduced within the rural communities. Due to this,
most drivers are likely to continue driving at a higher speed through these communities and
endanger the safety of non-motorized traffic (FHWA, 2018). Frequently, the transition from the
rural environment to the urbanized (small rural communities) consists only of the lower posted
speed limit sign, and this condition is inadequate to encourage appropriate behaviors (Hallmark,
Hawkins, and Knickerbocker, 2015).

In the crash analysis of this study, clusters of rural low-speed non-motorized crashes were
identified as high-risk rural low-speed corridors. Out of the identified rural low-speed corridors
(28 corridors), 96% (27 corridors) were going through small rural communities. Moreover, 80%
(22 corridors) were connected to a high-speed segment less than 2 miles away. Analysis of the
non-motorized crashes in the small rural communities showed that on average 14% of the crashes
on these corridors are KA crashes. Also, about 18% of the crashes on the corridors occur during
nighttime conditions. This study reasons that most of these crashes could be speed-related due to
the speed spillover effect. Therefore, effective countermeasures to manage speed in high-speed to
low-speed transition areas are suggested. Another variable at work in this situation is speed
adaptation. Data showed that drivers traveling at a higher speed for a prolonged period of time
underestimate their speed when transitioning to a lower speed limit (Matthews, 1978). Because
speeding is one of the major causes of crashes (National Safety Council 2020), and because
speeding is also related to fatal crashes; It is important to explore methods to decrease driver
speeding when drivers are going through areas that have a speed limit decrease of 24 km/h (15
mp/h) or higher. Because these areas involve a transition in driving context a clear transition
element would be expected to assist making drivers aware that they need to reduce their speed.
One type of gateway approach that could be considered is the use of roundabouts at the entrances
of the communities along the higher speed road. However, it may be difficult to consistently
implement roundabouts at the start of speed zones because of cost and availability of right-of-way.
One inexpensive alternative would be to use speed illusions which would assist the driver to
perceive they are traveling too fast. Several studies demonstrated the efficacy of using pavement
markings to produce the illusion of faster speed to reduce speed and a number of studies have
found a reduction in all crashes with the use of transverse bar pavement marking. It would be
valuable to determine whether this treatment also decreases pedestrian and bicycle crashes in small
communities along higher speed roads. Another treatment is the use of a parallelogram-shaped
pavement markings to reduce vehicle speed.

Another low speed approach which has not been adequately evaluated is installing large speed
limit signs in a gateway configuration (one sign on the right and one side on the left of a two lane
road, or one side on the right, one side on the left and one in an island in the middle lane on a three
lane road. As part of this research project the WMU team evaluated a three sign gateway approach
on a four lane road with an island in the middle. Appendix 12 shows the details of this study.

The setting was a segment of Gull Road in the city of Kalamazoo where the speed limit for East
bound traffic was reduced from 45 mph to 30 mph beyond the signalized intersection with
Riverview Drive. Gull Road has four travel lanes with two lanes in each direction. A trail
crossing and a roundabout are beyond the intersection. A Light detection and ranging device
radar (LIDAR) was used to measure vehicle speeds. All speed measures were taken within a
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narrow zone measuring 50 ft in length at a location that started 158 feet beyond the first 30 mph
speed limit sign. The target behavior in this study was the percentage of drivers traveling 6, 9,
and 12 mph over the speed limit.

Design and Procedure

The design employed in this study was a reversal ABCDEB design. Condition A was baseline, no
changes were made to the site during this condition, and there was one sign facing incoming traffic
(the sign was 24 inches wide and 30 inches high). The site had a yellow gore marking on the
ground as a painted splitter island, but nothing was placed on it. In condition B delineators were
placed around the splitter island. The splitter island then consisted of delineators around the center
painted median island. Condition C consisted of a splitter island with delineators and 2 signs (30
inches wide and 36 inches high) on each side of the road. Each sign faced the same direction,
which was facing the direction of approaching cars. This was done to create a gateway-like
structure. Condition D was similar to condition C, however there was a third sign placed in the
splitter island producing a three-sign gateway effect. Condition E was similar to condition D except
the signs in this condition were larger than the signs in the previous conditions. The signs in this
condition measured 36 inches wide and 48 inches high. This design then reversed back to condition
B condition rather than the A condition because a splitter island with delineators around the turning
lane was required to create the gatelike structure for this intervention. Therefore, reversing back
to condition B served as a better benchmark to evaluate the effect of the gateway speed limit signs.
The three signs were then reintroduced. The full gateway effect is shown in Figure 5-1.

TR
TR
o - e

Figure 5-1. A photo of the gateway treatment
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Results

The percentage of drivers traveling 6 mph, 9 mph and 12 mph over the speed limit are shown in
Figure 5-2. Figure 5-2. depicts the speed of drivers during all conditions. The line with triangular
markers shows the percentage of drivers speeding 6 mph over the limit per session. The line with
circles markers shows the percentage of drivers speeding 9 mph over the speed limit per session.
The line with square markers shows the percentage of drivers speeding 12 miles per hour over the
speed limit per session. The largest reduction in speeding occurred during the three large sign
gateway condition, speeds increased when the small single sign condition was reintroduced and
decreased again when the gateway condition was reintroduced.

Gull Road Past Riverview intersection
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Figure 5-2. Speed of drivers during all conditions

Figure 5-3 shows the speed distribution graphs of baseline (gray bars), splitter island with
delineators condition and the small speed limit sign (orange bars) and the splitter island with 3
large signs condition (blue bars). This graph allows for comparison of speed distributions between
conditions. The use of the large gateway speed signs produced a shift in the speed distribution
toward lower speeds.
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Figure 5-3. Speed distribution for gateway treatment

The results of this study indicate that this use of gateway speed signs may be an effective way to
increase speed compliance when the speed limit is reduced.

5.3 The Importance of Combining Compatible Countermeasures to the
Crash History

Many of the countermeasures used to reduce pedestrian crashes are designed to be used together
in order to produce synergistic effects. For example, the use of the RRFB on multilane roads can
lead to the occurrence of a multiple threat crash. This effect can be reduced by installing advance
yield markings to reduce the chance of a multiple threat crash. Similarly, advance stop lines should
be used at PHB locations to reduce multiple threat crashes. If the crashes occur at night an RRFB
should also be equipped with solar LED lighting that turns on when a pedestrian is detected or
presses a call button. Another way to reduce multiple threat crashes at RRFB sites is to place an
RRFB on both sides of a refuge island in addition to the signs placed on both sides of the road. At
PHB locations LED lighting should also be added if the crashes occur at night.

Other items which can work together are a refuge island with or without crosswalk markings at
uncontrolled intersections and LED lighting that lights the departure point as well as the path
across the street. Because LED lighting is more directional than other types of lighting it can be
better aimed.

At traffic signal locations high visibility markings can be combined with tightening turning radii,
a leading pedestrian phase and better lighting of the departure points and the crosswalk. One
inexpensive way to increase lighting at signal locations with mast arms are light bars mounted
under the mast arm.
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6 COST-BENEFIT ANALYSIS

6.1 Introduction

The cost-benefit analysis was performed to evaluate the cost-effectiveness of selected potential
countermeasures for higher-speed roads. This chapter entails the data used, procedures, and
assumptions adopted in the analysis. The benefits considered are from the crash saving while the
costs were the costs of the countermeasure.

6.2 Countermeasure Costs

The cost of the countermeasures included the total initial cost, the annual operation cost, and the
maintenance cost. Costs of individual countermeasures were obtained from past studies (e.g.
Bushell et al., 2013) or communications with agencies. Table 6-1 shows the list of potential
treatments in high-speed locations and their costs.

Table 6-1. Potential countermeasures costs and service life

Countermeasure Name Total Initial Cost ($) |Operational/Maintenance-| Service Life
Cost ($) (Years)

Leading Pedestrian Interval 100 Nil 20
(LPI)
Tightening Turning Radius 63,700 30 paint curb/yr 20
Advanced Stop/ Yield 700 New Markings every 5 5
Markings and Sign yrs
Two Rectangular Rapid 62,900 (without Battery 100 /3yr, + 41/yr 12
Flashing Beacon with Refuge lighting) for replacement of struck
Island and Advanced 71,900 (with dynamic units
Markings lighting)
Pedestrian Hybrid Beacon 67,400 $3200/yr 10
(PHB/HAWK)
High Visibility Crosswalk 4,000 Renew Markings Every 5 5
Markings years
Refuge Island or Raised 12.8/sq foot Replacement of signs 20
Median paint 130/yr
Adding Sidewalks (5 ft wide- 16/foot 0.4/sq foot after 5 years 5
Asphalt)
Adding Sidewalks (5 ft wide- 27/foot 8/sq foot every 5 years 20
Concrete)
Use Of Solar Powered 3,800 100/3yr battery 10
Dynamic Speed Feedback replacement
Signs
Led Crosswalk Lighting on 1,200 200 20
Existing Mast Arm
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Countermeasure Name Total Initial Cost ($) |Operational/Maintenance-| Service Life
Cost ($) (Years)
Street Light Pole + Led 3,500 200 15
Lighting for Midblock
Crosswalks
Change Out Existing Street 275 200 15
Light to Led Light
Solar Powered Dynamic 10,600 Battery 100 /3yr, + 41/yr 15
Lighting for replacement of struck
units
Widening Shoulders for 8/sq foot 3.5/ sq foot every 5 years 5
Asphalt
Widening Shoulders for 8/sq foot 8/sq foot every 5 years 20
Concrete

6.3 Crash Costs

Table 6-2 shows the crash costs based on the societal costs of traffic crashes and crime in Michigan.
When considering total crashes, a high proportion of them are Property Damage Only (PDO) while
non-motorized crashes have a high proportion of fatal and incapacitating injury crashes. Therefore,
it was important to recalculate an average crash cost that would be typical for higher-speed

locations.

Table 6-2. Crash Cost in Michigan -2017 update (Streff and Molnar, 2017)

varle | TaMo Gt | Prpn ouof | o
K 1,011 0.18 $8,875,391

A 5,212 0.90 $487,390

B 17,499 3.03 $134,943

C 53,354 9.24 $67,200

O 500,614 86.66 $4,347
Average Crash Cost $38,555

Table 6-3 shows the recalculated average crash cost for different scenarios. Due to differences in
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the crash severity distribution between day/night, urban/rural, and intersection/midblock, it was
important to calculate the average crash cost separately for all these different scenarios. The costs
were updated to 2023 costs using an inflation rate of 1.22. This was obtained as the ratio of the
consumer price index for urban consumers of February 2023 to the consumer price index for urban
consumers of 2017 (300.94/246.5 = 1.22). Table 6-3 shows that crashes are more severe at
nighttime conditions than daytime, as well as rural crashes are more severe than urban crashes.

Table 6-3. Average non-motorized crash 2023 cost on high-speed locations

Non- By Day/Night By Location Type
Severity | motorized
Crashes Davtime | Niahttime Urban Urban Rural Rural
y g Intersection Midblock Intersection Midblock
Yearly
crashes 880 534 346 281 338 41 220
(2023)
K 9.2% 4.4% 16.8% 3.7% 11.0% 7.6% 13.1%
*E‘ A 18.9% 15.9% 23.6% 12.5% 20.5% 18.3% 23.7%
s
(9p]
>
g B 31.3% 33.9% 27.2% 34.3% 31.1% 28.6% 27.8%
o
g
g C 29.1% 32.3% 24.0% 35.7% 28.2% 28.6% 24.0%
(0] 11.5% 13.5% 8.4% 13.7% 9.2% 17.0% 11.5%
Average
ng;“ $1,188,692 | $651,194 | $2,022,466 | $561,049 | $1,384569 | $1,002,232 | $1,623,043
(2023)

6.4 Cost-Benefit Analysis

The benefits were calculated from the number of crashes reduced using Crash Reduction Factors
(CRF) obtained from the Crash Modification Factors Clearinghouse and the corresponding crash
cost analyzed in Section 6.3. The total benefit within the service year of the treatment was
estimated using the present value formula in Equation 1.

FV
Pv= 1+ D"
Whereby PV is the Present Value, FV is the Future Value, i is the discount rate and n is the year.

91



The service life of the treatment was obtained from the countermeasure service life guide, a FHWA
safety program by Himes et al., (2021). In this analysis, a discount rate of 2% was adopted
according to Office of Management and Budget (OMB) Circular A-94, the real discount rate of
2023. The BCR was calculated as the ratio of total benefits to total cost within the service life of
the treatment.

The benefits of selected countermeasures are proportional to the number of crashes. To compare
with individual countermeasures with the same ground, Table 6-4 is the summary of the cost-
benefit ratio of crash savings to countermeasure costs based on 0.1 non-motorized crashes per year.
For countermeasures specifically impacting the total number of crashes including vehicle crashes
or nighttime crashes, 17 crashes per year (for countermeasures reducing the total crashes) and 1
nighttime crash per year (for countermeasures reducing the nighttime crashes) were applied,
considering the proportional characteristics. For the LPI, the traffic delay cost was included in the
BCR calculation. Also, the table presents the annual number of crashes required to realize the BCR
of 1.0.

Table 6-4. Summary of Cost-Benefit Analysis

Yearly
CRF Yearly number of
Treatment (%) number BCR crashes to
of crashes achieve a
BCRof 1
1 . . .
Advanced stop/yield markings and sign 25 0.1 176.4 0.001
o |Solar Powered Dynamic Speed Feedback
Sign 5 17* 136.5 0.15*
3
Refuge Island (small refuge island) 31.5 0.1 72.7 0.002
4 |LED crosswalk lighting on an existing mast
arm 20 1** 66.8 0.02**
S Street light pole to LED lighting 20 1** 63.8 0.02**
6 Street light pole and LED lighting 20 1** 32.2 0.04**
! High visibility crosswalks 23 0.1 28 0.004
8 Adding sidewalks (asphalt-1 mile, 5ft wide) 40 0.1 2.37 0.02
9 Tightening the curb radius (20ft to 10ft) 15 0.1 2.14 0.05
10 |Widening shoulders (asphalt from 3ft to 5ft,
1 mile) 7.6 0.1 1.44 0.1
11 |Pedestrian Hybrid Beacon (PHB) with LED
lighting 57 0.1 0.6 0.2
12 Pedestrian Hybrid Beacon (PHB) 45.7 0.1 0.5 0.25
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Yearly
CRF Yearly number of
Treatment (%) number BCR crashes to
of crashes achieve a
BCRof 1
13 LPI (considered delay costs) 13 0.1 0.16 0.7

*Total crashes, ** Nighttime crashes, otherwise non-motorized crashes

6.5 Analysis Tool Development

While the result in Section 6.4 presents BCRs for each countermeasure, actual BCR depends on
the number of non-motorized crashes at each site. To help analyze the BCR at a site, a spreadsheet
program was developed. The tool is based on four location types: Urban Intersection, Rural
Intersection, Urban Midblock, and Rural Midblock. Intersections are also classified into two types
(signalized and unsignalized), and midblock is differentiated whether it is a crosswalk or not.

As input data, the tool requires yearly non-motorized crash data by severity and day/night as shown
in Table 6-5. Due to randomness of crash occurrence, it is desired to use five-year average values.

Table 6-5. Non-motorized crash data input

Non-motorized Crash Data (in a year) Day Night Total
K 0 0 0
A 0 0 0
B 0 0 0
C 0 0 0
o] 0 0 0
TOTAL 0 0 0

Once the crash data input is completed, the tool allows the user to choose applicable
countermeasures for consideration and further feasibility and automatically provides the cost-

benefit analysis result along with corresponding cost data as shown in Figure 6-1.
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6.6 Case Example

23

24

25

26

27

28

29

30
31
32
33
34
35

36

37

38

Figure 6-1. Example application of the cost-benefit analysis tool

Countermeasure Details

Select applicable countermeasure

Tightening the radius from (feet)

High Visibility
Crosswalk hA

Leading Pedestrian Interval

Tightening the radius to (feet)

Tightening the Turning Radius
LED Lighting on Existing Mast Arm

| High Visibility Crosswalk

Initial Cost

Yearly Operation Cost 50

Service Life (years) $5

CRE 023

Calculations

Expected Crash Reduction (yearly) 4.6

Benefit /year $16,185,986

Total Benefit/year within the service life $76,291,989

Total Cost/year within the service life $4,023
BCR 18964.0

As a case example, the 28" Street in Grand Rapids was chosen. The speed limit of the corridor is

45 mph with six crashes during the past 12 years. Out of the six crashes, four crashes occurred

during nighttime. The site is characterized as below:

Speed: 45 mph,
AADT= 25K,

Land use: Commercial,
Non-motorized Crash Rate = 1.67 crashes/yr,
Corridor Length = 0.8 mile,
1-2 Buffered sidewalks,
Undivided Road,

Number of lanes = 5 lanes with TWLTL.
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Figure 6-2. Case Study Site (28th Street, Grand Rapids, Ml)

As shown in Figure 6-2, there were fatal crashes during nighttime at the midblock of 28 Street.
Unavailability of crosswalk and the lack of lightings were identified as the main causes of
crashes. Accordingly, there is a need to provide a crosswalk with better lighting conditions.
Table 6-6. includes applicable countermeasures as well as their costs.

Table 6-6. Applicable countermeasures and cost

Countermeasures Cost
Extended sidewalk (350 ft) $31.44/ft
Refuge island & $12.84/sq. ft
Maintenance cost $130/year
High visibility crosswalk & $4,000

2 Pedestrian signs $600

LED lights on streetlight poles $3,500

2 RRFB with dynamic lighting $56,200

Combining applicable countermeasures, four alternatives were developed in the order of
comprehensiveness. Proposed alternatives are expected reduce crashes from 45% to 78%,
respectively, and their BCRs range from 112.4 to 324.8 as summarized in Table 6-7.
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Table 6-7. Alternative analysis result

Countermeasures Total
Total Annual Crash
Alternatives Installation | Operation . BCR
Cost ($) Cost ($) Reduction
(%)
1 Refuge island & LED 34,300 130 45.2 324.8
Lighting
2 Extended sidewalk (350 ft) 45,800 130 47.0 246.7
Refuge island, and high
visibility crosswalk
3 Alt 2 + LED lights on 49,300 130 58.0 230.0
streetlight poles
4 Alt 2 + RRFB with dynamic 87,500 200 78.0 130.4
lighting
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7 CONCLUSIONS AND RECOMMENDATIONS

This study examined crashes that occurred along higher speed roads. Many fatal or incapacitating
(K&A\) pedestrian and bicycle crashes in Michigan have occurred on higher speed corridors with
a speed limit of 45 mph or higher and 70% of these occurred at night. A review of the literature on
pedestrian and bicycle crash countermeasures identified potential countermeasures that could be
used on Michigan’s higher speed roads. The research team relied heavily on the revised star rating
for each of the Crash Reduction Factors (CRF) for potential countermeasures, and because of the
relationship between crash severity and night crashes also focused on lighting countermeasures.

A detailed analysis of statewide crash data recorded between 2009 and the end of 2020 were
analyzed by severity, area type (rural vs urban), lighting conditions, and location of crash
(intersection vs midblock). Pedestrian crashes and bicycle crashes were analyzed separately. Non-
motorized crashes were grouped into low-speed crashes (less or equal to 40 mph) and high-speed
crashes (greater or equal to 45 mph and less or equal to 65 mph). Most crashes along higher speed
roads occurred in clusters along corridors where these roads transitioned through urban and
suburban locations. Rural crash locations were more randomly distributed and when they occurred
in clusters, they occurred along higher speed roads where they transitioned to a lower speed as
they traversed smaller towns, villages, and cities.

The site visits allowed the research team to determine factors related to each crash and the types
of countermeasures that would likely be effective. If most crashes occurred at night the team visited
the crash sites measured lighting levels using a Konica Minolta T-10A Illuminance Meter. Federal
Highway studies indicate that 25 Lux is a good level of illumination to see a pedestrian crossing
at night. Based on the crash diagram and narrative the light level reading was taken at the
approximate vicinity of each crash.

One very important finding was that there was poor corridor lighting along all but one of the high
crash corridors. One surprising finding was the low level of lighting (essentially dark) at many of
the night crash sites classified as lighted. Visiting these sites also allowed the team to view
pedestrians and bicyclists and observe their behavior. At many of the sites with poor lighting
pedestrians and bicyclists appeared as shadowy figures. In many cases the police report would
mention the driver stating they did not see the pedestrian. Regardless of potential right-of-way
issues these crashes would have been less likely during the day because the driver in many cases
would have seen the pedestrian in time to avoid a crash.

Another interesting finding was that wide turning radii often contributed both to pedestrian and
bicycle crashes at crosswalks particularly at night. Reducing the turning radii could help reduce
crashes in crosswalks but may need to use roll over curb to facilitate trucks turning right at these
locations.

Another value of site visits was it enabled us to recommend countermeasures for each site. This
enables the research team to narrow down the number of countermeasures that were most useful
for pedestrian and bicycle crashes on higher speed roads. Countermeasures most useful for crashes
at traffic signal locations included: LED light bars installed under mast arms, LED luminaires
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installed and aimed toward the crosswalk and entry locations at traffic signal sites with span wires;
tightening the turning radii; installation of high visibility crosswalk markings; and adding a leading
pedestrian interval. Countermeasures most useful at unsignalized intersections and midblock
crosswalks included: Installation of a PHB or RRFB along with advance stop or yield markings;
and refuge or median islands. If an RRFB is installed adding dynamic crosswalk lighting is also
recommended. Countermeasures most useful for corridor wide improvements included: Adding
sidewalks, solar powered dynamic feedback signs; widening shoulders; and changing out legacy
street lighting to LED street lighting. MDOT may be able to change out lighting at all crosswalk
or intersection locations as a crosswalk treatment.
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9 APPENDICES

9.1 Photos of Sample Crosswalk Treatments

(a) Signalized Intersection Improvements

Advanced Stop Line

Source: Ulster County Transportation Council
Safe Routes to School (SRTS) Toolbox

Flashing Yellow Arrow
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Source: LMCS Staff Report (2022)

Countdown Signals

Source: Oh et al., (2018)

Turning Vehicles Yield to Pedestrian

Source: Pécheux, Bauer and Mcleod (2009)

Exclusive Left Turn

LEFT

TURN
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‘

Source: Spector (2012)

Right-turn Slip Lanes

Source: Delaware Valley Regional Planning
Commission (2019)

Prohibited Left Turns

Source: MDOT (2022)

Bicycle Signal Detection

R

Source: NACTO
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Source: PEDSAFE 2013

Midblock Signals

Source Waka Kotahi NZ Transport Agency

Source: Flickr

(b) Unsignalized Improvements

High Visibility Crosswalk Signage

R1-6 In-street Pedestrian Sign
= a8

=7

Source: Newschannel (2019)
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http://www.pedbikesafe.org/bikesafe/countermeasures_detail.cfm?CM_NUM=55
http://www.pedbikesafe.org/pedsafe/countermeasures_detail.cfm?CM_NUM=49
https://nacto.org/publication/urban-bikeway-design-guide/intersection-treatments/combined-bike-laneturn-lane/#design
https://nzta.govt.nz/walking-cycling-and-public-transport/walking/walking-standards-and-guidelines/pedestrian-network-guidance/design/crossings/priority-crossings/signalised-crossings/
https://flickr.com/photos/125983633@N03/49367160502

Enforcement of Pedestrian Right of Way
Laws

Source: Newschannel (2019)

Enforcement of 5- or 3-Foot Bicycle Passing
Laws

Required
Passing Distance

Source: Blomberg et al., (2022)

(c) Corridor Improvements

Raised Median

Increasing Lane Width

Source: PEDSAFE 2013

e

Buffered Bike Lanes

Source: NACTO

Source: NACTO
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http://www.pedbikesafe.org/pedsafe/countermeasures_detail.cfm?CM_NUM=1
https://aashtojournal.org/2021/07/23/minnesota-dot-launches-statewide-pedestrian-safety-campaign/
https://nacto.org/publication/urban-bikeway-design-guide/bike-lanes/buffered-bike-lanes/
https://nacto.org/publication/urban-bikeway-design-guide/intersection-treatments/intersection-crossing-markings/
https://nacto.org/case-study/market-street-protected-buffered-bicycle-lane-san-francisco-ca/

Bike Lanes

Shared Use Path

Source: WSDOT (2022)

(d) Corridor Wide Speed Control

Altering progression along high-crash
suburban corridors

~ "
B e
N& Nb
Distance (m)

Source: Li and Ban (2020)

High Visibility Corridor Speed Enforcement

Source: Houten et al., (2013)

Use of R2-3P Night Speed Limit Sign

~ Source: Flickr

Road Diets

\

1
BEFORE

Source: FHWA (2015)
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https://nacto.org/publication/urban-bikeway-design-guide/bike-lanes/conventional-bike-lanes/
https://www.flickr.com/photos/mwichary/2346231451

(e) Speed Control in Transition Zones

Gateway Effect with Speed Limit Signs

Gateway Use of R1-6 In-street Pedestrian Sign

Source: Bennett (2013)

Source: Guo et al. (2016)

Roundabouts

: -l -

Source: FHWA (2022)
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9.2 Michigan Guidelines for Installing Pedestrian Crosswalks on State

Trunklines
Uncontrolled
Crossing
CIOSEng SErfEs Mo acticn
No actlon ) i transk siop or oher, o —
recornmended o recomimendad
M
Yes
Shared-use e
path? =
=300 awayT
Yes
Direct peds to
nearest ITEI‘kEd.Dr
Remove sight distance Adequats protecled crossing
obstruction or lower |[4— No siopping sight
speed limit distance?
Mot Feas) I:Ll&i'-ez""hlE mn |:|Ed wofume Mo
¥ Yes thresholds?
Direct peds to
nea'estp_{l:teme-:l
CRSSIng or
consider FHB,
traffic signal or Go to Table 1
grade separated
crossing
Pedestrian Crossing Treatment Flow Chart for Uncontrolled Crossing
# of lanes Roadway ADT and Posted Speed
crossed tof # of multiple| 1,500 -9,000 vpd 9,000 -12,000vpd | 12,000 - 15,000 vpd »15,000 vpd
reacha [threatlanes®[530] 35 | 40 | 245530 35 | 40 [245]530( 35 | 40 [245]530[ 35 | 40 245
Roadway configuration refuge | per crossing | mph | mph [ mph | mph | mph | mph | mph | mph | mph | mph | mph  mph | mph  mph | mph | mph
7 Lanes (one way street) 1 1 AlA|[A|B)A|A|B|B|A|A|B|B]A]A]B]|ESB
2 Lanes (two way street with no median) 0 AlA|A|BJA|A|B]B|A|A|B|BJAJA]B]E
3 Lanes wirefuge island or 2 Lanes w/ralsed median 1 0 Al A|A]B)A|A|B|[B|A]A]B]|B]A]B|B]E
1 Lanes {center turn lang) 1 1 AlA|B|(BJA|B|B|B)A|B|B|[B]lA]B|B]|EB
4 Lanes {two way street with no median) 4 2 AlB|B|CJA|B|C|CJA|B|C|D]IB]B|C]|D
5 Lanes wy refuge island or 4 lanes w/ralsed median 2 ? A|lA|[B|B)A|B|B|C|A|lB]C|[C|B]B|C]|ED
5 Lanes (center turn lane) 5 2 AlB|C|C|B|B|C|]C|lC|]C|C|D]JC|C]C]|D
B lanes (two way street with or without median) Itob 4 AlB|D]D)EB(D)DID|O]DD|DJO|D]|D
* - Minimum pedestrian volumes (page 6) must be met before consideration of uncontrolled crassing traatments.

Criteria for types of crossing treatments at uncontrolled locations
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9.3 Recommended treatment of shared-use path and roadway intersection

for Indiana

Speed Proposad Treatments
?e«? Roadway Type ADT pe
Limit Lavels
=12,000 1or2
2 Lanes
=12,000 2+ (3ord)
=12,000 lor2
3 Lanes
212,000 2+ (3 ord)
=12,000 lor2
=30 mph | = 4 Lanes with Raised
_ 12,000 = ADT < 15,000 2+ (3ord)
Median - -
215,000 [2+=(3or4)]ors
< 9,000 lor2
= 4 Lanas withaut 2,000 = ADT <« 12,000 2+ (3 ord)
X < 12, or
Raised Madian - .
=12,000 [2=(3or4)]ors
=12,000 2
2 Lanes
=12,000 2+ (3 ord)
=9.000 2
3 Lanes 2,000 = ADT <« 15,000 2+ (3 ord)
35 mph or 215,000 [2=(3or4)]ors
40 mph =9,000 2
z 4 Lanes with Raised
_ 9,000 £ ADT < 15,000 2+ (3ord)
Median " -
215,000 [2=(3or4)]ors
z 4 Lanes without =12,000 2+ (3 ord)
Raised Madian =12,000 [2=(3or4)]ors
12,000 2+ (3ord)
2 Lanes - .
212,000 [2+(3or4)]ors
=12,000 2+ (3ord)
3 Lanes , "
212,000 [2+(3or4)]ors
= 45 mph | = 4 Lanes with Raised <15,000 2+ (3 ord)
Median =15,000 5
=12,000 [2=(3or4)]ors
z 4 Lanes without
Raised Median =12,000 g
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9.4 Uncontrolled Crossing Countermeasure Evaluation Table for Ohio

Uncontrolled Crossing Countermeasure Evaluation Table

Vehicle ADT Vehicle ADT Vehicle ADT Vehicle ADT
Roadway Type < 9,000 9,000 - 12,000 12,000 - 15,000 > 15,000

Speed Limit (mph)

(Number of
Travel Lanes and
Median Type)

2 Lanes

3 Lanes with
raised median

3 Lanes without
raised median

4 Lanes with
raised median™*

4+ Lanes without
raised median

*Where the speed limit exceeds 40 mph, Tier 3 should be considered
** Raised medians must be at least 6 feet wide to serve pedestrians. See Figure 3-2 for different bicycle lengths to serve

bicyclists. Where median width is less than these values, review category of 4+ lanes without raised median.

legend

Tier 1: m

Tier 2:

Tier 3:
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9.5 Summary of Recommended Minimum Treatments at Uncontrolled
Pedestrian Crossings in Illinois

ADT< 9,000 | 9,000<ADT<15,000 \ 15,000<ADT< 25,000 | 25,000< ADT<35,000 [ ADT=35,000 |
osted speed, mph
*Lane P P +
Configuration w3 0 = 2| wg " =4 £ w g » =4 2 Vi R B 2 < wR 29
2lanesor 3 In-street RRFEB RRFB In- RRFB In-street RRFE RRFB -
lanes with BT ® {or FB) + § BT | FB (or FB) + E street | FB (or FB) + % b (orFB) | {orFB)+ % g
raised median sien ASLS £ A5LS £ |sin ASLS g sign +ASLS | ASLS g c
£ E £ £ E
£ £ £ £ 3
- RRFEB a RRFB RRFB s RRFB 5 | RRFB RRFE . a 5]
3 lanes BT In-street | o FB)y+ 2 |67 |(orFBl+ | (orFB)+ 8 | jorFe)+ | PRFES 2 | (orFB)+ | (orFB) PHE+ g g
without raised sien AsLs 3 ASLS ASLS 5 asts AsLS 5 | Asts ~asts | COR 5 ]
without g % 5 % g
median = < < < &
E FFES cerrs | 2 ¥
In- 4RRFE (or g asL ASLS ) 4RRFB (or § overh ARRFB (or (consider E 4 RRFB (or “* PHB “+PHB+ § E
street ASLS overhead (consider overhead = overhead < | overhead a
4 lanes with . < s = ead PHE)+ = +CS0R CSOR = s
= sign FB) + ASLS ] 4RRFE) FB) + ASLS = FB) + ASLS = | FBJ+ ASLS = 2
raised median & B FB) + ASLS = = =
T ASLS 4 3 Y
-
% & | arere i i o
-
2 kg ler ks ko E
4RRFB (or 4RRFB (or 2 AsL 4RRFEB (or = overh ARRFB (or +*PHB+ = | pHes ** PHB +*PHB+ = o
6 lanes with ASLS overhead overheadF = S overhead PHE+ ASLS £ cad overhead ASLS = CSOR +CSOR CSOR = E
S FB)+ASLS | B)+AsLS 2 FB)+ ASLS g FB) + ASLS g g g
raised median 5 = FB)+ 2 2 £
= | asts = =
4,5,ar6lanes | Consider pedestrian refuge island or road diet, if feasible. If raised median, or road diet is feasible then follow the recommendatens for the above lane configurations, ather wise
without follow the recommendation below for 4-lane without raised median to decide pedestrian crossing treatments, providing uncontrolled crossings of more than four lanes without a
raised median | raised median is not recommended
PHE+ PHE RRFB ** PHB+ **PHE
a . CSOR . RRFB [or +C50R for . PHB CSOR o - +CS0OR
anes raised | asis | asis overhead OvEr | csoR
median not H] FB}+ ASLS ead +C50R +CS0R
feasible FB)+
ASLS

BT= Basic Treatment (W11-2 with W16-7P)
In-street sign= In-street stop for pedestrian sign (R1-6a);

ASLS= Advanced stop line and sign (R1-5b and R1-5¢c)
FB= Pedestrian activated flashing beacon (pole mounted)

RRFB= Non-median installation of RRFB; 4 RRFB= Median installation of RRFB
PHB=Pedestrian Hybrid Beacon; CSOR=Crosswalk Stop on Red line and sign

Overhead sign= Overhead crossing sign (R1-9a) may be used based on engineering judgment
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9.6 Crosswalk Installation Guidelines Flow Chart for Minnesota

Wa Crosswalk Installation Tes
Evaluati
Is location at a conrolled
intersection or ata school”
r
P " . ¥ L 4
Basic criteria met” . Stop Controlled
«  Adequate stopping sight distance | VeSt02ll Crosswalks and pedestrian wamizg Signal Controlled Schoal Crossing
»  Minimal tnxcks signs will typically not be installed. Urban and Rural
= Minimal fuming movement: Badestrian meatment: will onky be
=+ Minimal drver distracrions installed if an enginesring study
demonstates need. Tee Appendin A
for design altermatives.
> 40 mph :]
—| Posted Speed . ¥y
Condifion Green Condition Green
Eligible for crosswalk with no Eligible for crosswalk.
or minimal additional
treatments. Pavement markings and
school crossing signs shall be
Evaluate need for advance imstalled at all officially
Pedestrian signing. designated school crossings
(peak houwrly volume) on tronk highways.
Note: Properiy trained adult
crossing guards may be the
12000 most effective means to
214 increase A
" Vehicle 2 i
30-35 maph) Condition Green
| Eligible for crosswalk with no or
minimal additional treatments.
13 Evaluate need for advance sigming.
»35 mph Condition Yellow
# Eligible for ‘with additional
treatments.
Euaized Median
See Appendix B for analysis of
crosswalk treatments.

wide and § 7t long)

]

Yeswith ADT = 9,000

Ho, or
Ves with ADT = 0,000
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9.7 Treatment Plan for Uncontrolled Locations with 40-45 Posted Speed
Limit in New York

2. For Posted Speed Limits 40 and 45 mph

Number of
Lanes

Basic Treatment

Enhanced Treatment

2

Basic Treatment Package C

High-visibility crosswalk

Retroreflective sign posts (for pedesirian
signs at crosswalk and in advance of
crosswalk)

Al crosswalk

Double posted (back to back) fluorescent
yellow-green Pedestrian Crossing signs
(W11-2) or School signs (51-1). Pedestrian
on sign should always face the crosswalk

Fluerescent yellow-green diagonal downward
pointing arrow plague (W16-7P)

In advance of crosswalk

Fluorescent yellow-green Pedesirian
Crossing sign (W11-2) or School sign (S1-1).

Flugrescent yellow-green ahead plague
(W16-9P)

Advance yield line (sharks teeth) — midblock
only

Yield Here to Pedestrian sign (R1-5} —
midblock only

Rectangular Rapid Flashing
Beacon (RRFEB) -(Solar
Powered)

Restrict parking — midblock
locations

2. For Posted Speed 40 and 45 mph

*+  High-visibility crosswalk

R P (for p signs
at crosswalk and in advance of crosswalk)

At crosswalk

+  Double posted {back to back) fluorescent
yellow-green Pedestrian Crossing signs
(W11-2) or School signs (S1-1). Pedestrian
on sign should always face the crosswalk.

*  Fluorescent yellow-green diagonal
downward pointing arrow plague (W18-7P)

In advance of crogswalk

. yellow-gt
Crossing sign (W11-2) or School sign (S1-
1.

*  Fluorescent yellow-green ahead plague
(W15-9P)

Pedestri

+  Advance yield line (sharks teeth) —
midblock anly

*+  Yield Here to Pedestrian sign (R1-3) —
midblock anly

+  Restrict Parking between

Humber
af Basic Treatment Enhanced Treatment
Lanes
3 ormore | Basic Treatment Package C + Rectangular Rapid Flashing

Beacon (RRFB) -(Sclar Powered)

+ Raised pedestrian median refuge
and/or corner island and/or curb
extension

+  Signalize the Crossing

o

If a 2 stage crossing can be
implemented consider High-
Intensity Activated crosswalk
beacon (HAWK)

If a 2 stage crossing is not
possible and a crash history
exists consider a 3 Color
Traffic Signal
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9.8 High-risk Corridors on Urban Higher Speed Roads

Hightime
Hightti KA KA Crash |Mightime (KA crash  [Pedestrd
Ped_Cr|Bic_Cr | me_Cr| KA_Cra |Highti | Total_nonm Crash rate |Rate crash rate [rate an Crash | Bicyclist

CorridorlD [ComridorName From To pr bmp emp C AAMT [Speedi [Speed2 [Length | ashes | ashes | ashes | shes me otorized |Ownership |{ /mile A} |{ /mile/yn) |{ mile/yn) [(/mileyr) rate Crash rate
1|HARPER AVE WELLINGTOM CRES [16 MILE ROAD 795408 ) 9.195 i acom b 17,300 45 45 0.44 14] ] & 4 4 20[Count: 3.788 0.753 1.515 0.758 2,652 1.136
2[Division A Goth ST 5wy = COMELOT BLWD Swvy 303081 5.258 6.952 et 14,100 45| 45 0.4 ) ] 10| 2 2 15| ounty 3125 047 2,083 0.417) 1.675) 1.250
3| SGROESBECH HWY |CASS AVE CHURCH ST 803003 11477 11.715 M &com b 23,000 50| 50 0.44 12 4 10] ] ] 16|MDOT 3.030 1136 1.694 1,136 2273 0.758
4[S-GRATIOT AWE 16th MILE RO E 13th MILE RD 804806 5.752 9.128 M &coim b 50,900 45| 45 3.36 43 a0 32| 25 14 95|MDOT 2.356 0.645 0.794 0,347 1.116 1.240
a[Riley St 136th Aue LS Highmey 31 73703 4.741 5.938 Ottarne 18,600 50| 50 1.22 8| 26 3 5 2 34| ourt 2.322 0.342 0.342 0.137) 0,546 1.776
B[k alamazoon A Bh ST SE Both ST SE 434905 5183 6127 et 22,900 45| 45 1 10 7 16| 3 3 27 ourt: 2.250 0.250 1.333 0.250, 0.833 1.417
7|26th 5T SE Shatir Lwe Lake Eastbrook 409003/407204 |15 70745211 |15 958/5 694 |Kert 27 G458 45| 45 0.3 18 2 11 11 8 20|MDOT 2083 1146 1,146 0 833 1,875 0208
G[256th 5T SE Byron Certer Auwe Butingame Awe S 409008 5786 9779 i ent 22,500 40| 45 1 15 a 15] 4 4 24|MDOT 2.000 0.333 1.250, 0333 1.250, 0.750
9[Lak e Michigan Dr Sfth Awve 48th 2ve 3702045 1548 2863 Ottana 25,000 55| 55 1 3 21 3 1 1 24|MDOT 2.000 0.033 0.250, 0.083 0.250, 1.750
10[¥anborn Telegraph RO Eeech Daly RD 1670203 7027 §.022 ayne 20,000 45 45 1 11 12 " 7 5} 23[Count: 1.917 0.583 0.817 0.500 0.817 1.000
11]Wan Dyke A 16th MILE RD Brougham DR 4210208 0515 1.222 M &com b 44,100 45| 45 0.7 7| 9 2 2 1 16|MDOT 1.905 0.238 0.238 0.119 0.833 1.071
12|Baldhwin ST 20th L P ete S 752104 5575 8.062 Ottarna 22,000 45| 45 1.48 il 25 5 5 0 33 ourt 1.858 0.282 0338 0,000 0.450) 1.408
135 Mission St Preston St E Broomfield St 246704 257 3.074 | sabella 21,000 45| 45 0.5 5| B 7 3 3 11MDOT 1.833 0.500 1.167) 0,500, 0.833 1.000
14| Telegraph Oxford RD Wian Born RO 4700036 12.432 14.111 ayne 54,700 45| 45 1.7 10 25 10] 8 4 35|MDOT 1.718 0.392 0,480, 0,196 0,480, 1.225
15| ashtena w A Campenter RO M Hewitt R0 1427706 3.586 5,327 ashtensw |21, 000 45| 45 1.8 27 8 20| 8 7 35|MDOT 1.620 0.370 0,926 0.324 1.250 0.370
16| &Ipine & RD Henze 3 Mile RD 423610 2 E61 4125 i ent 36,100 45| 50 1.48 21 6 18] ] ] 27|MDOT 1.520 0.338 1.070, 0 338 1152 0338
17|van Dyke 2w Hall kD Utica RO 4211016 0655 168 M &cotn by 19,400 45| 45 1 14 4 13| 6 6 18| ount: 1.500 0.500 1.083 0.500, 1167 0.333
18|23k Mile Donner RD Sazs Road 807106 14 266 15.81 M &cotn by 31,000 50| 50 1.53 18 & 13| 4 3 26|MDOT 1.416 0.218 0708 0163 0,950, 0.436
18| James 136th A US Highwnay 31 paciril] 4637 G114 Ottana 13,800 45| 45 1.47 3 21 2 1 0 24| ournt 1.361 0.057 0113 0.000, 0170, 1.180
20[W Center Rd Leith RO Davison Rd 1495400 7126 781 Genesee 13,000 45 45 0.68 A0] 1 & 0 0 11 Cit: 1.348 0.000 0.735 0.000 1.225 0123
21[3 Cedar RD Baker RD E Miler RO 359606 6.66 9.965 Ingham 21,300 45 45 3.33 32 18 19 14 g SO|MDOT 1.251 0.350 0.475 0.200 0.6 0.450
22 Saginaw St Coalidge RD Atton RO 341208 5.086 6.751 | naham 27,200 45| 45 1.67 11 14 12| 5 4 25|MDOT 1.248 0.250 0,589 0.200 0,549 0.699
23|E ureka R Inkster RO Telegraph RD 15783068 5.094 7.066 ayne 23,600 45| 45 2.02 18 12 13] 7 5 30)C ourt: 1.238 0.289 0,536 0,206 0.743 0.495
24|M Telegraph RD Hayes 5t Goddard RD 4700035 9454 11.216 ayne 55,400 45| 45 1.74 ] 15 g 3 1 24|MDOT 1.149 0144 0 353 0.045 0451 0718
25)Wilson Ave NN Leanard St R Lake Michigan DR MW 409008 1529 2554 i ent 16,100 55| 55 1.02 A0 4 k| 3 3 14|MDOT 1144 0.245 0735 0 245 0817 0.327
26|16 th Mile RD Dodoe Park kD Schoenhetr RD B03608 4014 5147 M &cotn by 53,600 45| 45 1.2 3 12 1 0 0 15| ournt: 1.042 0.000 0.069) 0.000, 0,208 0.833
27| oratiot Ave 23rd Mile RD S Gratiot Ave 832010 0812 5.505 M &cotn by 21,100 45| 50 461 39 18 35 15 12 S7|MDOT 1.030 0.271 0633 0217 0.705 0.325
28| Garield 18 Mile RD 17 Mile RD 795703 34802 5.524 M &cotn by 29,000 45| 45 2 14 10 11 9 7 24| ournt 1.000 0.375 0 458 0282 0553 0.417
28[5 Martin Luther King W MT Hope Ave vy Miller RD 352303 1456 4.708 |ngham 17,300 45 45 3.25 3 g 14 13 7 38|MDOT 1.000 0.333 0.358 0178 0.795 0.205
30[S Drake Rd W hain St Stacium Dr 21704 0B77 2.512 alamazoo |26, 500 45 45 1.79 14] ] 7| 4 2 20[Count: 0.931 0.186 0.326 0.093 0.652 0.278
3 Gull G Mve M Sprinkle Rd 7407 3251 4.396 alamazoo |12 500 50 g5 1.15 4 g 5| 4 2 12[MDOT 0.870 0.280 0.362 0145 0.280 0.550
32[M Telegraph RD Stewart RD Custer Dr 4300001 15.308 16701 M oriroe 22,300 45 45 1.4 8 ] &) 4 2 14{MDOT 0.833 0.238 0.357 0118 0.476 0.357
33|M Telegraph RD W Tth ST Comnn Lnity Dr 4300001 14.037 14 623 M onroe 11,800 45| 45 1 2] 7 [ 3 2 a[MDOT 0.750 0.250 0.500, 0167, 0167, 05583
34|Grand River Avwe E Brookield DR Dikie RO 335601 5554 5035 |ngham 21,800 45| 45 2438 13 S 11 7 ] 1G|MDOT 0.605 0.235 0370, 0202 0457 0168
35|M Telegraph RD Newpott Grafton 4300001 20172 21.855 hd onroe 13,400 55| 55 1.65 &) 3 9 7 7 MDOT 0.556 0.354 0,455 0.354 0.404 0.152
36| M ain St hd aple Hill Spice LM 21502 5534 67T [ alam azoo 23 600 45| 45 1.25 7 1 3 4 2 BlMDOT 0.533 0.267 0.200, 0133 0 467 0.067
37]5 11th St Bell kD State Line RD 1361302 0.005 2604 Bettien 17,600 50| 50 257 11 4 10| 8 6 15|MDOT 0.436 0.259 0.324) 0.185) 0.357) 0.130
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9.9 High-risk Corridors on Rural Higher-Speed Roads

Nighttime
Nightti KA KA Crash |Nighttime (KA crash |Pedestri
Ped_Cr|Bic_Cr| me_Cr |KA_Cra|Nighti(Total_nonm Crash rate |Rate crash rate |rate an Crash | Bicyclist

CorridorlD |CorridorName  |From To pr bmp emp Countyname | AADT |Speed1 |Speed? [Length| ashes |ashes | ashes | shes | me otorized |Ownership | {/milefyr) |(/milefyr) | (fmilefyr) | (fmilefyr) |rate Crash rate
5|5 Cedar St WY Borland Mewark RD 755509 8.465 8.967 Lapesr 19 651 45 45 0.5] 4 1] 1 1 1 4MDOT 0.667 0167 0167 0167 0.667 0.000
15|¥W Randall Conrad Dr Maszon Dr 742204 7.702 8.153 Ottawa 4,800 45 45 0.45 1 2 2 1 1 3| City 0.556 0.185 0.370 0.185 0.185 0.370
14[124th Ave 55th 5T 58th St 3030103 4.985 5485 Allegan 2,800 45 45 0.5] 1 2 a 1 a 3MDOT 0.500 0.167 0.000 0.000 0.167 0333
23| Morthland DR Polk RD 6 Mile RD 524603 6.093 6.591 Mecosta 3,800 55 a3} 0.5] 3 a 1 1 1 IMDOT 0.500 0167 0167 0167 0.500 0.000
17| Johnsville RD Clarendon RD M Briggs RD 924201 7.568 6.479 Branch 3.200 55 a3} 0.9 2] a 2 1 a 5| County 0.463 0.093 0185 0.000 0.463 0.000
1| MEE Spring Creek Marvin RD 236204 12157 13.665  |St Joseph 3,800 55 it} 1.5 B 1 3 2 1] 7 |MDOT 0.389 0111 0167 0.000 0.333 0.056
9|W Chicago RD  |Blue School RD US Highway 131 232106 4.008 5162 St Joseph 5400 55 55 1.2 3 2 1 2 1 5|\MDOT 0.347 0.138 0.089 0.068 0.208 0139
6|5 Hillsdale RD E Reading Rd Lilac Rd 3300902 8.375 9.594 Hillsdale 2,300 85 ) 1.22] 3 2 1] 2 1] 5| Count: 0.342 0137 0.000 0.000 0.208 0137
19| Baldwin RD Hogan RD Sharp Rd 1519309 5.284 7.044 Genesee - 55 55 0.76 2 1 a a a 3|County 0.329 0.000 0.000 0.000 0.219 0110
3| D Ave W Owen Dr Adobe RD 3390103 5.032 5.823 Kalamazoo 6,100 55 a3} 0.6] 1 2 1 1 1 3| County 0.313 0.104 0.104 0.104 0.104 0.208
26|5 Lake Shore Dr |E Amare RD Laskey RD 1151708 6.922 8.085 St Joseph 1.500 55 55 1.15] 2 2 a 3 a 4|County 0.290 0217 0.000 0.000 0.145 0.145
4| County RDI7E  |63rd ST 60th ST 576005 7.483 6.979 Wan Buren 2,000 55 it} 1.5 5 1] 4 1 1 5| County 0.278 0.056 0222 0.056 0.278 0.000
7|Reading Abbott Rd 1st Street 518707/518309 356810 3.743/0 672 |Hillsdale 1400 55 55 0.9] 3 a 2 1 a 3|County 0.278 0.093 0.185 0.000 0.278 0.000
12|Edgar RD Amy School Rd Edgar Rd 12056021208603) 06710 1.268/0.833 [Montcalm 7600 55 a3} 1.28] 2 2 3 3 2 4|WMDOT 0.260 0.195 0195 0.130 0.130 0130
2| Mottawa Spring Creek MBE 233209 3.499 6.011 St Joseph 1200 55 fate) 2.5 5 2 1] 2 1] 7| County 0.233 0.067 0.000 0.000 0.167 0.067
16|Fawn River RO [Big Hill RD Kime RD 232707 11.143 12.625 |5t Joseph 1.100 55 a3} 1.5 2 2 1 1 1 4|County 0.222 0.056 0.058 0.056 01 a1
18| Telegraph Carleton rackwood |Indian Trail RD 4300001 22879 24272 |Monroe 5,300 55 55 2 3 2 3 1 1 5|\MDOT 0.208 0.042 0125 0.042 0.125 0.083
25| M Eanle HWY M Lake Leelanau |E Obrien RD 1148506 14.259 16.045 |Leelanau 1800 55 g5 18 1 3 a 1 a 4|County 0.185 0.046 0.000 0.000 0.046 01339
B|M Edon LiLac RD Bigelow 5168708 8.108 a1 Hillsdale 2,000 55 1) 1 2 a a 1 a 2|MDOT 0167 0.083 0.000 0.000 0167 0.000
10| Skeels S Maple Island RD [192nd Ave 866201 6.492 8.505 Newaygo 1,600 55 a3} 2 2 2 a 2 a 4|County 0.167 0.083 0.000 0.000 0.083 0.083
13[W 72nd ST S Luce Ave Bingham Ave 3620011 0.811 3.8 Newaygo 6,500 55 fate) 3.03 4 2 1 3 1 BIMDOT 0.165 0.083 0.028 0.028 oo 0.0585
11|E 36th 5T Chestnut Ave Beech Ave 718008 1635 3.243 Newaygo 1300 45 45 1.6 1 2 3 2 2 3|County 0.156 0.104 0.156 0.104 0.052 0.104
22|Pierce RD Stanwood Or 140th Ave 520804 0.079 4,269 Mecosta 1,700 55 it} 4.2] B 1] 1 0 1] B|County 0.119 0.000 0.020 0.000 0119 0.000
24)W Kittle RD I Galbraith RD Caldwell RD 1334702 4128 7053 Branch 1,000 55 g5 293 3 1 1 2 a 4|MDOT 0.114 0.057 0.023 0.000 0.085 0.028
27 | State HWY Takala Rd Lohrey Ln 12779041 276608 | 14.129/0.377 [16.186/1.739 | Iron 5,000 55 a3} 3.585 3 1 2 1 a 4|WMDOT 0.094 0.023 0.047 0.000 0.070 0.023
20|Peck RD Davis ST Babcock RD 1013004 9.155 12.962  [Sanilac 5,900 45 45 3.81 3 a 1 2 a IIMDOT 0.066 0.044 0.022 0.000 0.066 0.000
21|W Isabella RD S Greendale Rd M 11 Mile RD 885110 1.486 6.975 Isabella 12 300 55 fate) 5.5] 4 1] 4 3 3 4WMDOT 0.081 0.045 0.081 0.045 0.061 0.000
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9.10 High-risk Corridors on Urban Lower-Speed Roads

nighttime
K cash nighttime |4 crsh Bigyclist
Ped_Cres|Bic_cas b Nighttime Mighttime_ta | Total_nonm |cwneshi| ceshmte |Rate creshmte |mte Pedestrian |cmsh
id Comidor_hame Fom T pr bmp emp Arza AADT | speedlimit | Lansth hes 25 Creshes | H Ceshes CrEhes otorged B FmilkeAr [Fmilefyr]  |(fmikdr) Jfmilefyr) |CcrEhmte [@Ete
1 GrEtictAve 3 Shlile Pd seymourst | mE2] 7.8 a0 | Detmit | F5m0 = 176 108 16 72 a3 = i3 State 5.871 2034 3Am 1700 5m4 0758
2 & Teleg@ph pd i Huron st James KElwl | M0 | 2E7 317 | Portiac | Fam0 40 074 k] an 22 15 11 & State 5.061 1.7 247 177 3636 11%
z effemon dve anood werd ave | Beaubienst Jasyreao] 13&3 | 12783 | petmit | 16T0 = [ikex) = a2 1z [ 4 k] Sigte A0E33 2. 567 33 b | v ] 333
4 artin witherking 3m 5t wiood ward Ave | 15007 | 16 230 | petmit | 1700 = 049 a3 a5 23 8 8 = City a0&10 1506 ERer A1506| &EG 2822
5 Heyes 5t 7 hike Rd seymourst | a60mo6) 1540 2118 | petmit | o700 30 057 = 3 15 ] [ X City 3501 134 2143 087 333 043
1] Abbeott Rd Albartave Eumhambr 510 0175 06 | lamsing | 15300 = oz i} 1 8 E 1 Ex] City 7.7E8 1.35) 20077 0. 260 2&6 4933
7 Furtan ™ hEnet e lafayette &ve | AD00F | 156 2158 |=nd Fapiq 1230 = 05y 52 F 33 ] 3 o) City 1236 135 463 0423 737 408
8 Cawiso nw Dantarive RoeaPars | 4roaooe | 18501 2512 | Detmit | as000 = i 4 4 15 15 ] & State ] 1.4 1.314 0743 3¥a 0330
] Iaret fe Diakes 515w Pearlst  Brosrano] 51550 B 320 2Hmnd Fapid 0400 = o 3 a7 = i 4 B City o756 2700 5H 0&A 670 3ES
hilx} Gres nfie i pda schoole@ft 5t fenlellrd Jamiooz) 8213 | o311 | petmit | Ao 30 .00 87 7 = 14 az == County 2,508 1.6 zﬁ 10074 Fex 0585
1 E Grand Rive rave & hbott pd N Hegadornpd | 35560 | 40ES 55 |laming | 18700 =iF 116 [in] o0 = kil r) 150 State 10757 1147 25108 0143 473 HE
12 Michigan Awel Cemmlst Livemnos Ave | 577102 ] 251 3764 Detrojt | 160000 = Lukeo] ] 12 32 12 11 [T} State .05 1.13j 30Dy 1.058 43 1133
13 Dentardve Elmhurstst pevEonw | 1m3mns| 163 28 | Detmit | 5800 = oy a 1 ] ] 4 = City L] 1113 1113 005 3833 0134
14 5 Unive sity dwe Tappanst walnutst  J1amgo] 0axm 0504 pnnAro - = ] # 14 13 5 1] = City B.400 1106 257 [ uxs v ] 305
b} Man Dykel Ea hiile Rd & flile P FomE | ooz 1057 | Detmit | o0 = 102 & = = iz ] 72 Sigte SERZ 1062 2043 07%E|  GE6 235
16 caniffst datterpchyskr P coEntst  Ja67M10) OSss 1424 | Detmit | G400 = OEF i} 14 1z 11 ] 52 City 681 1.5 WE ) | 0.F]  GE0 131
17 Gree nfie d pds Joy Fd Plymouthkd Jaescoz) 6314 | 7011 | Detmit | Fwon ka3 .00 a3 7 26 1z 11 50 County 178 1003 2173 ngal 3504 0585
p] DiEionAve2 Soehst Adthst PTas1) Fev 8559 |mnd Fapiq 13700 40 L) z 1B 11 g E] £ City 4987 10997 1.0 0,333 29|32 195
10 s washington ave | w1 mile pd Elincolnave | AWM | 0518 0s6e  |poyaloal) 5200 = 0% 18 ] 13 5 2 = City 450 0934 2T [ s I c ] 0936
ra ] EHumnst State Sth Glenstwe | 46ME7E | 2666 2041 ponarbof 19700 = 0E ] 1 14 3 1 3 State 0.3 0,900 4.4 007 A0 333
il E iichigan ave12 NG ENd e Penmi@ne | FEeor | 0l o0&l | laming | 830 s [)::] k] a hit:} 7 [ = state/cityl 740 ne03 2318 077 5023 207
- GrEtiot Aved Seymourst | Penmyaniast] SiE7z] @S 7.8 | Detmit | Fso0 ka3 25 a3 k] 58 i} 22 117 Stgte 3760 0,600 :u£:| 0707  2oRo 0771
= sgedarst W KalamEron St psrECEver tf BIE26) 03 1545 | lamsine | 10800 a0 i) ko) k] Fal 13 7 [ State A 637 05000 1454 0FY 2561 26
3 7 Mile Pd Quterore Schoenherrst | 1700006 | 21410 2203 | Detmoit | 1330 s 15 = 14 ] 15 11 72 City 4000 0330 216 0.7 322 (-]
= ComgE s St cadillac 59 Istst wEes | 0134 | 0fe | Detmit | S8m0 = 07 * 1 7 5 1 x City 4747 [uk:ry) 123 0178 4571 0176
* v hi ngton st Blac kstone St 5 Cooparst comnE | oFn 0eE | Bckson | 30 30 0584 ] 7 4 [ 2 16 State 2E3 [k 0571 0.F5 184 099
= Tichigan ave 2 S MiliEryst sBrady st Jaeooms) 15826 | 16423 |ceatbom| Faoo = [fx) k] 24 1a i 4 21 Sigte 6142 0E® 1o 0558 AJRE 1953
i} ER hile Rl Dequind® Rl Fyan kd B0 a 0008 | waren | Do a0 .00 k] 14 1z 10 ] F: 1} Stgte 008 0ET a 073 2E% 1160
] Gree nfie i pd3 Fenkell Rl ni: Nichob kd ] ds1002 ) a1 103 | petmit | ZEm0 ka3 .00 k) a 23 10 8 a3 County AT 08 1414 0667 2836 0751
Ex] Divisionst Paclam 5t EANNSt 1403 ) OSE QEF6 PnnaArbol] 13200 = 03 E) F} 22 3 =] £ City 15,063 nE2 S o5 000y o0 684
3 Gatiot Avel oo mmors R netinkd | 4XBI3| 308 514 | Detmit | 300 A0 114 a k] 19 11 5 il State 5.108 0813 1.3 0.3 2%2 26
= Linwood 5t Highland 5t rakmen Bhvd | 158480 | 247 3Z1 | Detmit | 1AW 30 083 = 4 12 8 5 = City 2@1 0747 1104 0408 233 [ulc:]
3= GEtiotAve 6 It Elliott5t Artietamave | SER2) 003 25 Detroit | dacoo = hE:] a0 a7 2 hit:} az 57 Sigte 2517 n7a5 1.0 0530 1766 0751
kY 5 Sigte St E stadiu m Bld wiHumnst | 3457508 | 5568 68 ponarbod 17500 30 1F = £ a4 1z 5 iz City 661 0.784) 257 0377|3547 3060
i3 Ealdwindve w b mcalmst e SrEC e & 20 a 0&1 | Portiac | 8500 ka3 [u] a3 a3 ] 8 4 X City 2556 0783 [u:tiil 03] 173 1F3
E] AthAve Paclam 5t Bzales 5t 1430302) 0143 0782 pnnArbol SEOO = o = I piin] g =] £ City S.58 0733 1.20 10,000 3260 206
E chalmes st Houstonwhittisrs]  Haperawe 1578102) 2438 A& | Detmit | 7800 0 1.2 A 12 19 11 [ * City 2500 0764 1.319 007 1w 0833
= hiliic higan Awve wihlichiggnve | & Howard 5t | #0106 ) Q0BT 133 kalamemog 1760 = 1a k] 1] 36 11 8 =0 City AW7 0760 245 05y 2@5 1E2
] Difv & i el Eurton e camonst | Fmsa | 11567 | 17501 |mnd Fe 14700 30 102 k) = hit:} ] 4 i1} City 2961 0732 1AF 0.3 2767 2107
a0 rad bl Rl 5 LafEyetie Ave NTmyst  |anms ] 7.0 = 03 24 1 11 3 2 b} County [aln ] 07X 267 0.8 3401 1532
i i wia e oakbnd Fark Fielding 5t @ | 11384 | 12796 pesant kid] 17a00 ka3 .8 k] i1} Fic} 14 8 im State 5170 07 140 0.4, 2016 3153
42 GaAtict Aves hiCle llan st Mt Elliott 5t | E7A2 25 445 Detmoit FI0 = 198 4 16 & 7 15 :x] State 251 072 :I.:I.‘IJ 0. 65| 1871 Q&80
43 W HUmN 5t DantarAve Fthst JEME7E | 137 1745 PnanArboy 17400 = 0E [ 7 [ 3 2 13 State 3113 0718 14 o4 1437 16
LY hochichols pd w | Sowthfied Pd | ScheeferHwy | 16807m | 17.007 | 18001 | Detmit | =00 = 197 [:c] a2 33 17 12 = county 3166 | 1.3 o537  2ea 0507
& wioodwerd avef | hiontEImstE Gratict e | aseom | GE G551 | Detmit | 930 = o) k] i 8 ] 2 3 City 5,350 0708 115 D.Sﬁ 58 1062
A5 8 hiile R W Greerfield pd  |woodward ave] @®E | Gi8e | 10053 |Femdak | Faon a0 3B 78 k] A1 32 2 hlr:] Stgte 233 [uf::] fukit:] | 05 1713 &0
& Division dye Gherny StSw Lyon St DFNE1 | 13776 | 14623 |end FEpid 10600 = [u] 56 k) = 7 a i} City State] 7.@4 [l 268 00BE| 5510 2165
8 Ashley 5t Il rA e wowillamst |14D3a0] oEo 07X PpnnArbol S000 = o Fl El 7 3 2 ) City 63 0E3 387 o.‘sEI S.454 11%
L) Hol ook 5t Lumphkinst corEntst |isEem | 178 106 | Detmit | &S00 = 074 * 7 ] [ 4 = City 3706 064 101 0.0 200 0786
50 W MAE 0 e 2 Grarfield pd scteeferpd | 16E MM 1] 0094 |Cearbom| 230 = [ol=] = ] 18 8 5 a0 county 3FE3 0&1 150 046 283 01
51 Fhik Rl LatEarst sreerfield Rd JI7omos) o471 | 116 | Detmit | @w00 = 208 83 = a5 2 aa 1E County 207 10,560 175 0530 25 0ma
52 Foe St ivalnut 5t ¥aBmazoo v GEDG [or-} 0803 kalamerod 7400 = 051 24 18 7 ] a = City 530 0§ 1185 0316y 237 263
53 | W kalamesoo &ve | Mwestnedee dve | Hamisonst FaE 0503 | 1260 kalamerod 11100 'E 077 X k) 10 i a fix] State A577 o&3 :lﬂa 0a0a|l  2Em 3@
= GatictAve2 Eo il Rd Elmilehd |42EDZ] 1100 3424 Detmoit Za00 40 232 62 =] a5 18 7 151 State S.438 0.5 1508 0.z 232 e
= hilic higa n 5t hionme dwe collme awe | a07aE | 2383 3471 |and Fapiq 1030 = 078 * = 15 [ 2 51 City 5463 06! 1 6F 074 2785 18
56 s e W TR A W FisherFuy | 1577ae | owra 2EF | Detmit | 7800 = 1.3 & = ) 10 4 = City A.685 10,53 1917 0.5q  2&6 2108
57 sull pd Rivarvisw Or IMerness Ln Faor | 05778 | 14 alameeod  Z0o0 a0 A1E a7 a7 a0 8 4 k] Sigte 2@5 0 07a 037 1 ME 135
it} DoLE 5 e Wy horth st A lamo fve FEIO 0368 065 kalamerod 600 = 02657 ] 5 7 2 2 14 City A F0 0 21E o  2E08 1561
58 woodwerd ave 3 | htWichols R v cahertst | aseom a 2186 | Detmit | Ja700 30 219 ki X = kil 11 103 State 387 0,6 13 o8l 235 a1
x] W HUmn st NTeleemph Rd [wiocdward Ave ] 8906 10.25 21175 | pontiac =00 =iE 192 = I 33 14 iz = State 3254 0. E0G Jdg Q.52 233 uk-rju)
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Nighttime
K Crash Nighttime |4 crsh Bigyclist
Ped_Cres|Bic_Cras b Nighttime Mighttime_k4 | Total_nonm | Cwneshi| creshmte |Rate creshmte |mte Pedestrian |Cmsh

id Comidor_Mame Fom ™ pr bmp emp Aarea AADT | Speedlimit | Length hes &5 Crshes | KA Ceshes CrEhes otorged 1] mikfr] |Fmilefyr]  [Pmikfr] Jfmilefyr] [Cresh@te @k
A Erdge 5t Lane Awe Tumer ava AFAE 1.366 2ES  |=nd Fapi 930 = og 15 = 17 s 2 4 City 4950 0. 85| 2055 0.1 2177 2782
wiood ward dwes Edse| Fom Fury Fisl‘EI’FM‘ 159100 4158 SEE6 Detmit Haon 30 180 ] s 32 13 S 113 State 5. 30 0803 145 0.53 3710 1530
=) e lthy St 10N e I.EfEEl‘lE S ) AOEOF D57 1477 = [1}=:) 15 15 10 4 3 1} City 4 &1 0.3 1 50F| 0,462 2411 200
=] Mich igan 5t ME1 Collee Ave Fuller dve ATFAE 3171 407 = [a}:a] 1 a .u] g 2 52 City 513232 0.5 1 4708 0,297 JE4 205
=] S RiwerAwe|E1@hst W 7thst FA020 1588 1.552 | Holland | 15630 =iZ Q5% 14 T Bl 4 p 41 City GOAT Q530 137 AR 205 3862
) nartin Wtherkim J Civision e hdisontwe SE| ADEECF [ny-r-) 10E3 |mnd Fapid 11400 = 04z = 1 10 3 1 k. City 60 0584 148 10,195 458 2142
& E Ivic higan twe Einghamst Charles 5t =T 0887 203 Larsing Jood =iE 115 e = 12 8 4 & City 348 0583 D373 0.3 1.80 1818
& [E]-1 0] 7 hlike Rd w Gand Ri\.’erﬁvg. 158235 2J/7 33X Detmit 1430 ) OE7 I 2 16 ] 3 3 Coumty 3ES 0573 157 0.5 2854 0191
53] WBthS‘qPine L columbia awe 759065 u] 0478 Holland Lilinn] 30 045 El 15 S 3 1 H Coumty 4568 0571 0951 0190 1712 rkiaf: 3
sl E Mlichigan Awe Jcooper 5t N Dettran Bd 11323 [u] 1406 | Bckson | 15500 30 35fA0 1905 43 e} 2 13 7 ] State &4 A58 0318 0.305 1880 1574
71 WyE e N Ave John € lodee Fwy [ ChrysterDr | &o0doa [ncr] 1F8 Detrojt | 13000 Ex] 1.09 [:n] a 24 7 ] &1 City G503 0553 1aF 0. 34| 4817 185
72 WO mor Hany Live mois Mwe Grand Blwl w | 1581000 1&E3 i ) Detmit 1500 =3 11a = 15 1z 8 4 B City IF0 0.5623 Do13 0. .E]| iH7 1123
7z EKiBom kd wioodmont Dr | Milkem FarkDr] 5003 1743 2F7 falameog 13600 = o piln] 7 L] 4 1 17 City 237 0513 0314 0134 1.%7 oge0
74 wEn Dvkez Elnerpheutherf E o ile kd FOS1E 1057 2881 Detmit ZI0 ) 2 a5 &5 ra 13 7 a1 State 3m2 0.513 1135 0.83 1917 1&5
= 2nd fve rtin Luthe rking JrE| wamen s iy ua) 054 1E7 Detmit 1700 30 0T rrd 12 13 S rd ] City 305 0.539) 1 .40 0.aq i¥2 1304
75 5 westnedee Ave Howe md 5t EkabBmeron dve] 102E 4774 5173 Kalameeod 11600 = 13 E e} 14 E] 3 52 State 3705 053 OEF 0174 154 2033
7 wiood ward Aved Chicaso Blvd Edse| Ford Py | 1501000 242 413% Detrojt | 18700 Ex] 17 54 I ra | 11 4 74 State 3598 Lakr =] 1,03 0,154 265 0572
= JosephCampaust Carpemerst HamtanT k Dr | 1501100 o 1584 Detmit 730 = 1581 &= k. 17 10 s &1 Coumty 436 0533 Da0y 0.%5H 2504 1812
A BaldwinAve M wiork 2we  |E Fairmount Awe] & 23 157 234 Fontiac 16000 ) o 15 & g9 5 4 = City 4% 0,529 D453 0424 15688 087
o] Siﬂwst N Pine st NEEd Ave HIAE 2188 2F5 Lansiﬂg 000 ) 0OFa 1 12 4 3 1 = State 4027 0.5 0700y 0.175] 1926 210
i1} Enshst hmont@almstE  |effe sonave E] 518 07 u] [uk] Detmit 500 = 0E0 i} 3 18 S S ] City 342 0.521] 1.6657] 0.5 ] 033
82 HarperAwe whittierst hbrare Or | ISTRICE | 4806 5.861 Betroit jinnn] 0 g F:} ] 15 4 4 I City et 21 053 20061 [kl SITT [uly-"]
83 7 Mile Bd W viood ward Ave Corant5t 170005 ) 16ZF2 | 18.]5 | Detrof | 1700 Ex] 2n 52 14 ol 13 2 =} City 2@3 053 1 D 05847 2F1 0552
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&7 Johnkpd2 F10 hiile Rd E a il fd SEOS 0997 2007 |Hazel par 154000 40 1.02 = 19 18 g S &1 City 3385 0.380) 1.30F| 0406 22 1552
= I hiin 5L Fauline Bhed WHumnSt ) AG0SIRG) QB0 184 Pnndrbol 13500 = 0E ] A 15 s 3 53 City 4545 0457 1 4008 0.5 27086 230
=] “WWoming 5t Lyndon st JmesCowers Pl SO0 | 4509 5.I8 Detmit e n ) Ex] 072 = 8 8 4 ] i City 3883 0454 04 D.Edil 2655 087
a0 capital avedE Bidwe |15t Goguac 5t 3 30 5144 567 tte Cee| o0 0 0543z El 12 2 3 ] 1= City 2302 0460 0.3F [a]n u] 0480 182
al 5 hainst E Famu m & Elincolnave EE0G 0.&1 1406 [rovaloal] 24800 = [ ] & 13 i) 4 1 57 City 6307 07| 28| D.:I:ldl 5023 144
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a3 Lyonst honme e Fansom one A15E02 0102 0458 =nd FEEIg o0 = o = g 3 2 o ] City @3 Ll 732) 056 0000 5. 57 1355
o Ist5t Tl b 8 e wowillamst | a600034 | 0362 0720 Pnedrbod 500 = oxF 13 a 7 2 2 e City 4595 [ 2 158 0.5 29632 rdn:" ]
=] Griswold 5t wWiarned st |Gmnd Rwerdvel 5E1 00 | QuF1 0442 Detrojt | 11200 = 0 I 7 ] 2 =] Ed City 5.3 0.335) 11 0000 ] 1572
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E2] E lamed 5t s hirgton Ehid Stamone St ) ISESSOG ) 0123 Q707 Detmit EE00 = 0S8 = 4 4 3 1 ] City 417 DLATR) 0571 0.143 3587 0571
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Highttime
KA Crash Highttime [KA crash Bicyclist
Ped _Cras|Bic_Crash| _Ka | Total_nonm | Ovmershi | Crash rate |Rate aash rate Pedestrian [Crash

id Corridor_Name From To pr bup emp Area 4ADT | Speedlimit | Length hes [ Crashes | KA Crashes Crashes otorized ] {/milefyry |{fmilefyry {/mile A} Crash rate [rate
121 Leonard $t White Ave MW TurnerAve | 3415604 | 5414 6476 |rand Rapiq 16300 30 108 33 = 20 4 1] 68 City 5.386 0314 1569 2589 2746
122 Capital Ave2[wy Dicktnan Rd E'ah Buren St |0001,/31300 6.032/0 5A06/0174attle Creq 8500 30 0585 9 14 6 2 1 23 City 3435 0.303 0.sm 1364 214
123 W iesley St[lst 3t |Mlartin Luther Ki| 900907 1] 0555 | lackson - 25 0.555 [ 3 1} 2 1] 9 City 11 0.200 0.000 0500 0.450
123 Coolidge Hwy2 Qak Park Blvd S Mile Rd W 644004 0.0 1424 |OskPark| 21600 35 140 36 2 15 S 3 57 City 336 0287 0.591 21% 1.247
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9.11 High-risk Corridors on Rural Lower-Speed Roads

Connected Tighttime
tohigh | Hearest Highttime KA Crash |Nighttime | KA crash
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S| Mlain St W St Clair St Rese arch Dr 7S5903/756104 2170 247240 426 Willage Almond Ves 051 Lapeer | 15400] 300 08 8 3 3 2 1 11 State/Counts 1146 0208 0313 0104 0.833 0313
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9.12 A Study on Use of Gateway to Reducing Speeding on Higher Speed Roads Entering Slower Speed Small
Rural Communities

Alhomaidat et al. (2020) investigated the effects of increased speed limit at freeways in relation to crashes. The authors found that
increasing the freeway speed limit increased crashes at the freeway by 11.5%. The increased speed limit also influenced crashes on
nearby roads; crashes on nearby roads increased by 13.9% and 13.4%. This study demonstrates that drivers that are traveling at high
speeds are more likely to speed when entering nearby roads with lower speed limits, and that speeding is the likely cause of crashes.
One potential explanation for this effect is speed adaptation. Data showed that drivers traveling at a higher speed for a prolonged period
overestimate their speed when transitioning to a lower speed limit (Matthews, 1978). Casey and Lund (1978) showed that this effect can
be attenuated if the person is required to slow down or stop prior to entering an area with a new speed limit. Traveling through a
roundabout or stopping for a traffic signal are examples of this type of effect.

Because speeding is one of the major causes of crashes (National Safety Council 2020), and because speeding is also related to fatal
crashes; It is important to explore methods to decrease driver speeding when drivers are going through areas that have a speed limit
decrease of 24 km/h (15 mp/h) or higher. Analysis of high pedestrian/bicycle crash corridors in rural areas revealed that almost all high
crash corridors occurred in locations where the speed limit was reduced for a village, town or small city. Although these data alone do
not confirm that speed is a major issue in these corridors, the presence of K&A crashes does support this hypothesis to some degree.
One type of gateway approach that could be considered is the use of roundabouts at the entrances of the communities along the higher
speed road. However, this may be difficult to consistently implement One inexpensive alternative would be to use a gateway of larger
speed limit signs at the start of the lower speed zone.

In one study researchers found that the R1-6 in street pedestrian sign placed in a gateway configuration with multiple signs reduced
vehicle speed (Van Houten, Hochmuth, & McQuisten, 2018). Many jurisdictions in Michigan have used multiple stop signs in a similar
gateway configuration, one on each side of the road facing oncoming drivers, and some have used a similar configuration of speed limit
signs to reduce speed at road construction sites. One way to reduce speeding may be the use of a gateway configuration of speed limit
signs at the start of the lower speed corridor. A three-sign could be easily set up on a three lane road by placing a small island on the
middle lane. On a two-lane road a three sign configuration could be constructed by a small deflection separating the two lanes in order
to construct such an island. In the following experiment, the WMU team examined the use of a gateway speed limit sign configuration
where drivers on a higher speed road entered a lower speed more urban environment.
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Method

Settings and Participants

The setting was a segment of Gull Road in the city of Kalamazoo where the speed limit for East bound traffic was reduced from 45 mph
to 30 mph. The 30 mph speed limit sign is located 342 ft beyond the signalized intersection with Riverview Drive. Gull road has four
travel lanes with two lanes in each direction. A trail crossing and a roundabout are beyond the intersection. Each travel lane is 10 ft
wide. At the point where the speed is reduced to 30 mph there is a short painted median island marked with painted yellow gore stripe
markings. At a location 1270 ft downstream from the speed limit reduction location is a trail crossing, and at the end of the road (1900
ft away from the speed limit sign) is a roundabout. Participants were any drivers that entered the 30 mph speed limit zone.

Materials

A Light detection and ranging device radar (LiDAR) model ultra lyte LTI 20 — 20 made by Laser Tech INC was used to measure vehicle
speeds. All speed measures were taken within a narrow zone measuring 50 ft in length at a location that started 158 feet beyond the first
30 mph speed limit sign. The LiDAR was secured to a tripod to stabilize it. Measurements were made by the researcher wearing a yellow
safety helmet and a reflective vest like those worn by surveyors to reduce driver reactivity.

A data sheet was used to record the number of cars, and the speed of each vehicle. The sheet also had a space to record the date, the start
of a session and end time, and the condition in effect. Speed limit signs were used to construct each of the treatment conditions. The
signs were constructed using white diamond grade retroreflective sheeting with black letters and numbers. This type of sheeting is highly
reflective during day and nighttime conditions. The posts used metal and were not covered with the same diamond grade retroreflective
sheeting used for the signs. The signs had two different sizes, the smaller sign was 36 inches high and 30 inches wide and the larger size
was 48 inches high and 36 inches wide. Plastic flexible delineators marked the splitter island and were placed in the beginning of the
painted yellow gore area marking around the middle sign.

Target Behavior

The target behavior in this study was driver speed in mph, measured with the LiDAR device. Speeds were divided into three categories,
the percentage of drivers traveling 6 mph over the limit, 9 mph over the limit, and 12 mph over the limit. The formula that was used to
calculate the percentage of vehicles traveling over these three speed categories calculated by dividing the number of cars traveling over
each category by 200 (the size of each daily speed sample) and multiplying the result by 100.
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Data Collection

The speed of each vehicle was obtained using the Lidar and was written down on a data sheet (appendix A). Cars were tagged using the
lidar when driving through the measurement zone. The measurement zone was a 50 ft zone that all drivers passed through when driving
down the experimental road. The researchers obtained the speed of each car when it was within the measurement zone. Speeds were not
recorded for cars outside of the measurement zone. Use of this measurement zone allowed the drivers that had stopped at the light time
to resume their selected speed. Therefore, any speeds obtained within the measurement zone were a result of driver speed and not
confounded by drivers yielding or slowing down at the traffic light. Each session consisted of 200 car speeds obtained within the
measurement zone.The position of the observer and the measurement zone were identified based on objects in the environment. The
observer stood 700 feet away from the intersection. This allowed the observer to collect data at the same exact point during each session.
The middle of the measurement zone was identified by a green box on the side of the road. The observer identified the beginning and
the end of the measurement zone based on the light poles that were before and after the green box.

I0A

A second observer collected exact IOA on driver speed in mph by reading the driver speed in mph through the Lidar and writing it down
on their own data sheet independently. IOA was collected for 33% of sessions. The driver speeds were then compared between data
sheets, each car number had the same driver speed written next to it. Otherwise, it counted as a disagreement. IOA was calculated as the
number of agreements/number of agreements + number of disagreements * 100.

Measurement Integrity

Procedural Integrity was collected on whether data were obtained on driver speed within the measurement zone. Whenever the primary
observer captures any speed using the Lidar, the Lidar made a beeping noise. Based on when the beeping noise occurs, the secondary
observer would then mark on their own data sheet if the driver's speed was obtained within the measurement zone. Procedural integrity
was calculated by the number of cars that both observers judged to be in the measurement zone divided by the number of time they both
judged the vehicle to be in the measurement zone plus the number of times the second observe disagreed the vehicle was in the
measurement zone multiplied by 100.

Design and Procedure

The design employed in this study was a reversal ABCDEBE design. Condition A was baseline, no changes were made to the site during
this condition, and there was one sign facing incoming traffic (the sign was 24 inches wide and 30 inches high). The site had a yellow
gore marking on the ground as a painted splitter island, but nothing was placed on it. In condition B delineators were placed around the
splitter island. The delineators were placed where the yellow line splits into two lines (and is placed around 150 ft up the painted median
island). Condition C consisted of a splitter island with delineators and 2 signs (36 inches high and 30 inches wide) on each side of the
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road. Each sign faced the direction of approaching cars. This was done to create a gateway-like structure. Condition D was similar to
condition C, however there was a third sign placed in the splitter island facing approaching vehicles. This sign also faced the direction
of travel where cars were driving from the intersection into the experimental road and produced a three-sign gateway effect. Condition
E was similar to condition D except the signs in this condition were larger than the signs in the previous conditions, the signs in this
condition measured 48 inches high and 36 inches wide. This design then reversed back to condition B condition rather than the A
condition because a splitter island with delineators around the turning lane was required to create the gatelike structure for this
intervention. Therefore, reversing back to condition B served as a better benchmark to evaluate the effect of the gateway speed limit
signs. The reintroduction of the signs produced a reduction in speed serving as a final replication of the effect. Figure 1 shows a photo
of the three sign condition.

Figure 1. Photo of the three large sign condition
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Results

The percentage of drivers traveling 6 mph, 9 mph and 12 mph over the speed limit during each condition is shown in Figure 2. The line
with triangular markers shows the percentage of drivers speeding 6 mph over the limit per session. The line with circles markers shows
shows the percentage of drivers speeding 9 mph over the speed limit per session. The line with square markers shows the percentage of
drivers speeding 12 mph over the speed limit per session.

During baseline (A), 70% of drivers were at least 6 mph over the limit, 44% of drivers drove 9 mph over the limit, and 20% of drivers
drove 12 mph over the speed limit. During the splitter island condition (B), 67% of drivers were 6 mph over the speed limit, 39% of
drivers were 9 mph over the limit, and 19% of drivers were 12 mph over the limit. During the splitter island and two signs condition
(C), 67% of drivers were 6 mph over the limit, 40% of drivers were 9 mph over the speed limit, and 18% of drivers were 12 mph over
the speed limit. During the splitter island with three signs condition (D), 62% of drivers were 6 mph over the limit, 32% were 9 mph
over the limit, and 13% were 12 mph over the speed limit. During the splitter island with three large signs condition (E), 53% of drivers
were 6 mph over the speed limit, 28% of cars were 9 mph over the speed limit, and 12% of cars were 12 mph over the speed limit. When
the treatment was reversed to splitter island only (B) 62% of drivers were 6 mph over the speed limit, 37% of drivers were 9 mph over
the speed limit, and 18% of drivers were 12 mph over the speed limit. Reintroduction of the three signs reduced speeding to previous
treatment levels.
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Figure 2. The percentage of drivers traveling over each of the three speed categories during each observational session.

Figure 3 shows the average speed distribution across three conditions: splitter Island without delineators gray markings, the splitter
island with delineators (orange markings), and splitter island with three signs measuring 48 high and 36 wide (blue markings). The
splitter island with 3 large signs condition showed the largest reduction in average driver speed followed by splitter island with
delineators. It is clear from the graph that the gateway sign condition shifted the speed distribution toward slower speeds.
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Figure 3. The distribution of driver speeds for the baseline, splitter island and 3 large signs conditions.

I0A

Two Independent observers collected IOA data for 33% of sessions. Agreement for both observers ranged between 98% and 100% and
averaged 99.

Procedural Integrity

Two Independent observers collected procedural integrity data for approximately 33% of sessions. Procedural integrity for both
observers ranged from 97% to 100% and averaged 99%.

Discussion
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The purpose of this study was to systematically investigate the effectiveness of a gateway like structure to decrease driver speeding.
Splitter Island with 3 large signs (36x48 inches) had the greatest effect in reducing driver speed. Splitter Island with 3 smaller signs
(36x30 inches) showed the second greatest effect in decreasing driver speed. The splitter island alone with flexible delineators on it had
a smaller effect, however adding two signs on each side of the road did not decrease driver speeding in comparison to the splitter island
alone condition. Looking at the distribution of speeds, the average driver speed decreased the most during the splitter island with 3 large
signs condition. The decrease in driver speeding and the decrease in average speed during the splitter island with 3 large signs condition
may decrease the likelihood of crashes. The gatelike structure decreasing driver speeding supports the findings of VVan Houten et al.
(2018). It seems that the use of speed limit signs is an effective prompt, and putting larger signs in a gateway like structure is a better
prompt than the use of only one small sign (36x30) on each side of the road.

There are multiple limitations to note; first we were not able to get long term follow-up study. However, data collection is ongoing and
should reveal whether the effects persist. Another limitation is that the location of the speeding reduction does not have a large contextual
change which would serve as a Motivating Operation to reduce driver speed. An example of an MO to decrease driver speeding would
be a trail or consistent foot traffic of some sort. While there is a trail at the end of the experimental road, that walking trail has been
closed for the duration of the study for renovation, and hence was not available to serve as a Motivating Operation to slow drivers down.
We think replicating this study in a site where there is a greater context change that could serve as an MO would yield greater level
changes than those produced in this study.

Because speeding is related to vehicle crashes (National Highway Traffic Safety Administration 2020) placing three large signs (36x48
inches) with a splitter island in the middle is likely to decrease speeding and the average speed of traffic in and therefore likely to
decrease the likelihood of crashes. One advantage of the gateway sign condition is its low installation and maintenance costs. Another
advantage is the long-life span of this treatment.
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