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ABSTRACT
Red light running (RLR) continues to baafety concerfor many communitieg the
United StatesThe Insurance Institute for Highway Safety reported in 201ZRbRtresulted in
683 fatalities and an estimated 133,000 injuries nationwide. Currently, aamigie of
countermeasures frolow-cost strategies (e.g. signal timing adjustments, signal backplates,
signage improvements, and targeted enforcemehipltecost strategiese(.g.automated
enforcement, lighted stop bar systems and intersection geometric improvemergsd exist

mitigate RLR violations and their relatedashes.

The sevaty of RLR crashes ankigh socigal cost(about 14 billion dollars annually)
haveprovided the impetus for increased red light enforcement programs throughout the country.
In the Stateof Kansas, where automated red light cameras are not authorized, communities rely
on targeted traffic law enfoeenent. Traditionally, red light enforcement has required a police
officer to be located upstream of an intersection to observe the violation and another officer
located downstream to pullover the offended &sue a tickefThis enforcement approach
labor intensive. In locations where enforcement resources are limited, having a single police
officer monitor RLR raises intersection safety concerns. Confirmation light systems can aid a
single police officer located downstream of an intersection to mdritBr violations without

having to travel through an intersien to pullover the offender.

The city of Lawrence installecbnfirmation lightsat six leftturn approaches divo
signalized intersectior(¢reatment sites) nere RLR wagprevalent This studywas conducted to
evaluatehe effectivenessf the confirmation lightsRLR violation data were collectdxbfore,
one and three montladter installation of the lightat the two treatment sites add nontreated

intersectionsvhich included sixspillover sites (intersections nearby the treant sites) and five

XVi



control sites (intersections located far from the treatment sites or corridor under investigation)
Z test of proportion was used to determine if the changes in RLR violation rates from ttee befo
period to the after periods were statistically significanh@®5 percent level of confidence. The
violation rates at the two treated sites wera tb@mpared to noetreated sitesviolation time

into red(how long it took a driver to rua red lightafter red signal indication) was used as a
secondary performance matrix to evaluate the confirmation ligh@hi Square Test of
Independence was ustdanalyzehe violation times into redt the 95 percent level of

confidence

Results of the analysghowed &7.4 percent reduction in lefirn RLR violation rates at
the treatment sites and a 55.7 percent reduction at the spillover sites one month after installation
of the confirmation lightsThe thee monthsfter study indicated 42.7 percent decrease in
violation rates at the treatment sites and a 31.7 percent decrease at spilloveosgering
RLR violatiorsin the City of Lawrence as a wholiaecontrol sites showed no significant
change irleft-turn RLR violations dring the study period®\lthough the treatment intersections
did not have confirmation lights installed for the through movement, the lights were effective in
the short term for redugRLR violations (84.1 percent reductiojpe Chi Square Test
showed that that the confirmation lights had no significant effect on the RLR violation times into

red.

In conclusion thefindings of this research studydicated that confirmation ligh{®oth
seltenforcing and aidingolice officers) have a positive effectneducingRLR violations at

targetedsignalized intersections.
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CHAPTER 1: INTRODUCTION

1.1Background

Vehicles running red lights is the leading cause of vehicle crashes at urban signalized
intersections (isurancédnstituteof Highway Safety (IIHS) 2013). Red light running (RLR) is a
serious traffic safety issue that many communities in the United States are facing. RLR is a
common event or situation wieea vehicle proceeds througkignalized intersection when the
red aspct of the signal is shown. In 2012, RLR resulted in 683 fatalities and an estimated
133,000 injuries nationwide (IIHS, 2013). Approximately half of the fatalities reported in 2012
were notthe driversbut were passengers, pedestrians, cyclists and rotheusers. The
consequences of RLR crashes also have had a negative effect on the U.S. economy. According to
the Federal Highway AdministratigfgHWA), theannualsocietal cost of RLR is approxXirtedy
14 billion dollars(FHWA, 2005).In 2013,the AAA Foundation for Traffic SafetyZ014)
condicted a surveyo assess howrAericans value ahpursue road safety. Results of shedy
indicatedthat 93.1 percent of drivers believed running a red light was unacceptable, yet 35.2
percent of the same drivers polladmitted doing so at least once in the previous mah#n it

was safe to stop

Due to the seriousness of RLR, considerable efforts have been taken by states and local
agencies to gore and implement strategigsreduce RLR violations and associated crashes.
Currently, a wide range of countermeasures exists to mitigate RLR violations and crasees. The
include lowcost strategiesuch as traffic signal timing adjustments, signage improvements,
targeted policerdorcementpublic awareness campaigns, and higist strategiesuch as
improvements to the physical geometric and operational characteristics of intersection

appro@hes, and automated enforcemdiitese countermeasures have been implemented across



the ountry andpreviousstudies have showed themeasuref effectivenesginstitute of

Transportation Engineers, 2003; Bonneson et al., 2004; Hallmark et al., 2012).

As of May 2014, 503 communities in the United States have red light camera programs in
place to capture drivers running red lights (1IHS, 2014). However, automated red light cameras
are sometimes not practicédasibleor legal insome communities. The high cost of installation,
state statutes and the controversies surrounding their implerorstaave hindered their usage
nationwide. In these circumstances, communities without automated enforcement rely on

low-cost countermeasures to reduce RLR crashes at signalized intersections.

A low-cost RLR countermeasure that has beend to have linted research are
confirmation lighs, sometimes referred to as enforcement lights. Confirmation lights come in
variety of colors. For exampl&jgure 1 A) shows a white confirmation light in Florida and
Figure 1 B) shows a blue confirmation light in Kaass This countermeasure has been deployed

widely in communities located in California, Florida, and Texas (FHWA, 2009).



(A) (B)

Figure 1. Varietiesof confirmation lights

1.2Research Objective

The primary objective of this research study was to evaluate the effectiveness of
confirmation lights at signalized intersections in Lawrence, Kansasolbjgstive was
accomplished by conductirzpfore and after RLR @lation studies at two treatsiyndized
intersectiongwhere confirmation lights were installeahd 11 nortreated signalized
intersectios. Analysis of theRLR violationswas completed with the understandthgt a
change (a decrease or an increasgjdlation ratefrom the beforgeiiod to the &er periods

would be equateth a possible reduction or an increasergshest signalized intersections

1.3Thesis Organization

This thesis is divided into seven chapters. Chapter 1, Introduction, presents a brief
background of RLR and situsses some of the seégies adopted in mitigatif@LR at signalized
intersections. Inhis same chapter, the objective of this studyésented as well. Chapter 2

summarizes literature on RLR. The literature review discusses RLR definitions, chstiastef



the RLR violators, RLR vid@tion and crash rates, and explains some atdhatermeasures that
have been implemented and evaluated by other researchers. Chapter 3 introduces the problem
statement and the need tors researchChapter 4 outlinethe methodology used in gathering

and analyzing field video data from the study intersections. Chapter 5 presents descriptive
statistics of the RLR violation data. Chapter 6 presents the analyses of RLR violation data using
statistical methods and disses the key findings fromithresearch. Finally, Chaptepresents
thegenerakonclusiors, contributions of this study to highway safetgd proposes future

studies.



CHAPTER 2: LITERATURE REVIEW
This chapter reviews current literature on RLR. It cites informdtmm articles,
technical reports, research journals and other relevant publications pertaining to RLR. The

objectives of this literature review wete:

1 Define RLR

1 Identify characterists of red light runners;

1 Determine how frequently drivers run red lights;

1 Determine factors thabntribute to RLRand

1 Explore some of the strategies that have been impleaiémreducing RLRiolations

and associated crashes.

2.1 Red Light Running
RLR is one of the leading causes of vehicle crashes at urban signalized intersections
(IIHS,2013) The definition of RLR differs from sta

yell owd or fArestrictive yellowd | aws are in e

According to theFHWA (2013 , under the Apermissive yello
Manual on Uniform Traffic Control Device (MUTCD) and Uniform Vehicle Code (UVC));
ADriver can | egally enter intersection during
driver enters interséion after onset of red. Unde t he fr e st r idriver cam eeithgre | | 0 w¢
enter nor be in intersection on red and violation occurs if driver has not cleared intersection after

onset of red. o

In most states, vehicles that are within therggetionwaiting to make a lefturn when

the signal changes from yellow to red are not considered to be running a red light, and are



encouraged to clear the intersecti@hintersections where a rigitdirn on red is permitted, a
vehicle must come to a completestfailure to do sas also considered a violation

(IHS, 2013).

2.2 Frequency of Red Light Running

The AAA Foundation for Traffic Safety conducted a national suine3013to assess the
degree to which Americans value and pursue traffic safesampek size of 3,103 U.S. residents
aged 16 years and older was asked to complete dassu survey for this study. law found
that approximately 9Bercent of drivers considered RLR as an aggressive and undibe ephy
of driving. Howevey 35 percent of tb same drivers admitted doing so when it was safe to stop at

least once in the previous month (AAA Foundation for Traffic Safety, 2014).

McCartt and Eichelberge (2011) conducted a study to evaluate the attitudes of motorists
towards red light camera pragns in 15 cities in the United States. A sample size of 3,411
drivers participated in the telephone survey study. Results of the study indicated that 82 percent
of the drivers said runningred light was a serious threat to their personal safety, andré8m

said it was unacceptable to society.

Hill and Lindly (2003) performed a study to develop models in predicting RLR violation
rates at fouteg intersections based on their traffic operational and geometry characteristics.
They collected RLR violatiodata at 19 study intersections in four states (Alabama, California,
lowa, and Texas) for a period of six hours on weekdays (2 p.m. to 8 p.m.). They observed 1,775

violations in 554 hours representing a rate of 3.2 violations per hour per intersection.

Reting et al. (1998) conducted a study to analyze RLR violation data at two busy

intersections equipped with red light cameras in Arlington, Virginia. They collected data



between November 1994 and 1995. The study found a total of 8,121 RLR violations over a
period of 2,694 hours, representing an average of 3.0 red light runners per hour (Retting et al.,

1998).

2.3 Characteristics of Red Light Runners

Porter et al. (1999) conducted a telephone survey study to identify red light runners and
their characteristis. Out of the 5,024 respondents who completed the survey, 4,007 were
concentrated in ten target states and 1,017 in the remaining 40 states. Based on national data, the

authors concluded that a driver running a red light was more likely to be:

=

A younger diver;

1 A driver without a child or children (less than 20 years old);
9 Driving alone;

1 Inarush to school or work in the morning on weekdays;

1 Unemployed or employed in jobs requiring less education;
9 Driving more than two miles from home; and

1 Previouslyticketed for RLR.

Retting and Williams (1996) also conducted a similar study to investigate the behavior of
red light runners in Arlington, Virginia. They asked trained observers to collect RLR violation
data at an intersection equipped with red light exgiment cameras. During each cycle length,
the observers recorded the characteristics of the drivers that ran the red lights and the type of
vehicles they were driving. Out of 1,373 observations, the observers recorded 462 RLR
violations at the study lodah. Findings from their study indicated that red light runners

generally were drivers below 30 years of age, who drove small cars and had multiple convictions



for peeding and moving violation§hey also found out that violations veetommon for
driverswith car models manufactured after 1991 and the drivers were less likely to be wearing

seat belts.

Retting et al. (1999c) extracted data from the Fatality Analysis Reporting System (FARS,
1992 to 1996) and the General Estimates System (GES) to reviehattaegristics of red light
runnersThey found that red light runners were more likely to be a male driver under 30 years of
age, more likely to have been ticketed for moving violations and more likely to have been
convicted for driving while intoxicated-he authors also found that the violators were more
likely to run red lights in the nighttime than in the daytime, and 53 percent of such drivers were

believed to have a high blood alcohol concentration.

2.4 Factors Contributing to Red Light Running
In the previous section, it was found that a majority of the RLR violations and crashes
were human related. However, many studies have identified other contributing factors that lead

to the frequency of RLR.

Traffic operation characteristics such as approatinve and speed and intersection
features such as signal timing, approach grad
approach an intersection. Additionally, environmental factors such as time of day and weather
conditions may also influenakiving behavior (Yang and Najm, 200@)ble lexplains how

intersection, traffic and environmental factors contribute to the frequency of RLR.



Table 1. Intersection, Traffic and Environmental Factors to RLR (Yang and Najm, 2009

Element Variable Key Finding Reference
The frequency of RLRncreases when
the yellow interval is less than 3.5 Brewer et al., 2002
. seconds.
Signal . .
Timing Longer yellow intervals will cause
drivers tc_) enter |nters<_act|on later and Eccles and McGee, 2000
lengthening the alted intervals caters
to red light violators.
Stonpin Probability of a vehicle stopping for
Di ppIng traffic signal decreases as its distancg Chang et al., 1985
, istance : :
Intersection from the intersection decreases.
Aoproach Probability of a driver stopping for
bp traffic signal decreases as the approal Chang et al., 1985
Speed X >
speed to the intersection increases.
Probability of a driver stopping for
Grade traffic signal increases as the approad Chang et al., 1985

grade to the intersectioncreases.

Intersection

Drivers tend to stop for traffic lights
more at wider intersections than at

Chang et al., 1985

Width narrower intersections.
Higher red light running rates are
observed in cities with wider Porter and England, 2000
Approach | intersections and higher traffic volumg
Volume :
The RLR frequency increases as the
approach traffic volume at intersectior] Brewer et al., 2002
increases.

, Higher red light violations occuturing .
Trzfﬁc the time period of 3:00 p.m. to 5:00 E:mggg 2: 2:3888
Environment | Time of b.M. c —

D2y | ire higher ding a.m. and p.m. peak
hours compared to other times of the Retting et al,, 1998
day.
Lum and Wong,2003;
Day of the | Thereare more red light violations on | Kamyab et al., 2002;
week weekdays compared to weekends. Kamyab et al., 2000;
Retting et al., 1998
Weather The influenceof rainfall on RLR Retting et al., 1998

behavior is not significant.

Poor visibility as a result of obstructions from overhanging vegetation, billboards, large
trucks, commercial sign, low pressure sodium lights, bad design of the intersection alignments,

parked vehicles and pedestrianas be a major factor that influende i v e rgs decissoons@tp



intersections. Clearing these obstacles enhance safety and traffic operations at intersections

(FHWA, 2005).

2.5 Red Light Running Countermeasures

Sucessful RLR countermeasures includengineering, education and enforcemanid
have been implemented in many communities across the United States. Studies have been
conducted to investigate the effectiveness of these countermeasures and sometimes results
showed a positive effect in reducing RLR violations and associated crBsivego
implementation of any of the countermeasures, studies investigating possible causes of red light
running should be carried out and then appropriate countermeasures be selected to mitigate the

problem (Bonneson et aR004).

Table 2shows the pssible causes of RL&d correlates the appropriate countermeasures

that are likely or could address the cause (Hallmark et al., 2012).
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Table 2. PossibleCauses and Appopriate Countermeasures for RLR
(Hallmark et al., 2012)

Engineering Countermeasures
Possible Causes ®RLR Signal Motorist Physical Enforcement
Operation | Information | Improvement

Congestion or excessive delay | 1

Disregard for red 1

Judged safe due to low conflictin
volume

Judged safe due t@mrrow cross
street

Judged safe due to following < 2
sec behind vehicle infront
Expectation of green when in
platoon

Downgrade steeper than expecte q

Speed higher than posted limit q

Unable to stop (excessive
deceleration)

Pressured by closely following
vehicle

Tall vehicle ahead blocked view q

Unexpected, first signal
encountered

Not distracted, just did not see
signal

Distracted and did not see traffic
signal

Restricted view of signal 1 ]

Confusingsignal display 1

1 Indicates the appropriate countermeasure

2.6 Engineering Countermeasures

From the literature, engineering countermeasures are generallgrizgdgnto three
groups signal operation countermeasures, motorist informatamtermeasures, and physical
improvement countermeasur@onneson et al., 2004$ignal operation countermeasures

involve the modifications or adjustments of the timing of the signal phases, and change in cycle

11



interval. With motorist information counteeasures, drivers are provided with advance
information about existing traffic signals ahead for drivers to respond appropriately as they
approach an intersection. Physical improvement countermeasures involve the redesign of
intersections to increase veleioperational characteristicBable 3shows the three

countermeasure categories with specific engineering countermeasure to reduce RLR.

Table 3. Engineering Countermeasuresto Red Light Running
Countermeasure Category | RLR Countermeasure

Yellow change interval

Green extension

Signal operation and coordination
All red clearance interval

Improve sight distance

Signal Operation

. Placement and number of signal heads
Improve signal = . .
visibility S.IZG of s_lgnal display
Line of sight
Redundancy
: . LEDs signal lenses
Motorist Information Improve signal Backplagt;es
conspicuity Lighted Stop Bar Systems
LED outlined backplates.
Advance Signal ahead signs
Warnind sians Advance warning flashers
g9si9 Rumblestrips

Remove unwanted signals

Add capacity with additional traffic lanes

Improve the geometry (vertical and horizontal curves)
Convert signalized intersection to roundabout intersection

Physical Improvements

2.6.1 Signal Operation

2.6.1.1YellowChange Interval
Most RLR violations occur less than two seconds after the onset of the red light
(Washburn, 2004). This means that increasing the yellow signal time could aid drivers in safely

clearing the intersection prior to the onset of red signatirigett al. (2007) conducted a

12



beforeafter comparison study to determine the effects of lengthening the yellow change time
interval at two study intersections in Philadelphia, Pennsylvania. The yellow time was increased
by one second, followed by redligcamera enforcement several months later. They conducted
similar study at comparison intersections without any treatment. Results of their study showed a
36 percent reduction in violations when the yellow change interval was increased by one second.
With the addition of red light enforcement, they observed a further reduction in RLR violations

by 96 percent beyond the implemented yellow time change.

The MUTCD provides guidance with regards to minimum and maximum yellow interval.
It recommends aninimumyellow changenterval of three seconds and a maximum of six
seconds. It also suggests tlmatger intervals should be reserved for usepproaches with
higher speeds (MUTCD, 2009)h& Traffic Engineering HandbooK"&dition (2009),
recommend&quationl be used to calculate the appropriate yellow time for any signalized
intersection approach. However, it cautions that maxiroara should be used when theerval
time chosen is more than fivaeconds. McGee et al. (2012) in their research study dithdot

any reason to suggest a minimum or maximum yellow interval.

o

« 4 T3 Eq. 1
Fal q

wherey = yellow clearance interval (sec)
t = reaction time (typically 1 sec)
v = design speed (ft/s8¢
a = deceleration rate (typically 10 ft/S¥c
g = acceleration due to gravity (32 ft/4e@nd

G = grade of approach (percent/100, downhill is negative grade)
13



2.6.1.2 AliRed Clearance Interval

An all-red phase is defined as when h# eipproaches at an intersection have aighl
display for a very short period of time. If a vehicle enters an intersection withoatafiterval
at the end of the yellow phase, it is mdikely to result in a crash wherehicles in conflicting

appoaches receive a green light (McGee et al., 2003).

Schattler et al. (2003) conductadtudy at three signalized intersections in Oakland
County, Michigan. The purpose of the study was to evaluate the impacted alearance
intervals on RLR violatios andthelate exit of vehicles within the intersections when the red
light was indicated. They used video cameras to collect data before and after the implementation
of the clearance intervals. They found that the implementatiai-t#d clearance inteals
whichranged from two to three seconds significantly reduced the risk of late exiting of vehicles

being struck by opposing traffic streams that hagesen signal.

According to the MUTCD ( 20-am)twewayfaclityerpt whe
when clearing an exceptionally wide intersection, a red clearance interval should have a duration
not exceeding 6 secondsHowever, in the Traffic Engineering HandbooK, Edition (2009), it
is suggestethat equation 2 should be usedchlculate the@propriate alred clearance interval.
McGee et al. (2012) also recommendedinimum of one second time to be used fored
clearance intervals. They suggested that providing additional time for vehicles that are legally in
an intersection at the oris# red light allows drivers to clear the intersection in order to avoid

conflict with adjacent traffic stream with a given green light.

{4 oM To Eq. 2

whereR = all red interval (se¢)
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w = width of stop line to far side nezonflict point (ft),
v = design speed (ft/se@nd

L = length of vehicle

2.6.1.3Green Extension

Greenextension systems (GES) extend the green phase of traffic signals before the
yellow aspecbf the signal is shown. This allows a vehicle or platoon of vehicles to clear the
intersection before the yellow indication is shown. With this technology, advance detectors are
deployed on major roads at actuatgghaled intersection approaches to chahgesignal phase
or increase the green time when a vehicle passes over them. Approaches are cleared of vehicles

that might have been in the dilemma zone until the green phase is-matxed

Zegeer and Deen (1978) conducted a study to evaluate how GESedute RLR
crashes at three signalized intersedionKentucky. They used about niyearsof before crash
data and about fowears of crash data after the installation of the GES at the three study sites.

Results of their study showed 54 percent oida in total crashes.

2.6.1.4Signal Operation and Coordination

Two or more adjacent signalized intersections are sometimes coordinated to move
platoons of vehicles along a corridor in order to minimize delays and increase traffic flow. At
isolated locabns where signalized intersections are not in coordination, it may result in
excessive delays and impatient drivers may violate a red light when they arrive at an intersection
near the end of the green interval (Bonneson et al., 2002). For this regaocentihtersections

should be coordinated so that the likelihood of drivers running a red light is minimized. Changes

15



in signal phasing or cycle length can also reduce delays which potentially may reduce the

frequency 6RLR (Bonneson et al., 2002).

2.6.2 Motorist Information

The common reason drivers give for frequen
the signal o (McGee et al ., 2003). Poor signal
signs andnadequate sight distance at signalized intersections influence driving behavior

(Fitzsimmors et al., 2007).

2.6.2.1Improve Signal Visibility

The positioning of signals either overhead or pol@nted impacts driving behavior. An
overhead signal display provides a clear meaning, good visibility, and eliminates the blockage of
dr i v e {ofssight tb thensggnal head when tall vehicles such as trucks are present in the traffic

stream.

Schattler et al. (2011) investigated how diéigr signal mounting configuratisraffect
RLR at urban signalized intersections in lllinois and Michigan. The researchers focused on three
types of signal mounting configurations: mast arm, diagonal span wire arsiceffarside
post mount. They colleetl data at 12 study intersections looking for red light runners and yellow
light runners (YLR) using video cameras. Data collections were for three hours (noon to 3 p.m.)
on weekdays in the spring and summer of 2007. A comparative parallel analysis déittne
showed a significantly feer RLR and YLR at the intersections witast arm configurations
than atintersections with span wire configurations. At the rede/farside post mounted
signalized intersections, the authors found a higher rate ofdRORYLR. Their study showed
that postmounted configurations reduced the visibility of signal heads, which may result in an

increase in the frequency of RLR.
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When considering the | ocation to mount a s
is acritical factor that should not be overlooked. The closer the signal heads are installed to a

driverdés | ine of sight, the more visible the

2.6.2.2Improve Signal Conspicuity
Another technique famaking signal heads conspicuous is $e tetroreflective materials

on the borders of backplates as showRigure 2

Figure 2. Retroreflectivebackplateborder (FDOT, 2014)

TheMUTCD (Section 4D.18) requires the front surface of the backplate to have a dull
bl ack finish Ato minimize |ight reflection an
and its background. 0 Resear ch h aeffectofralucing t h a't
the frequency of crashes at intersections by 32 percent (Bonneson et al., 2002). In 2010, the
FHWA reported a beforafter study at three intersections in Columbia, South Carolina, on the
effectiveness of retroreflective borders on thekplates. The study found a 28.6 percent
reduction in total crashes, 36.7 percent reduction in injury crashes and 49.6 percent in

late-night/earlymorning crashes. (FHWA, 2010)
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For intersections where visibility is a problem, using redundant signal leeadseans of
improving the conspicuity of the signals. The MUTCD (2009) illustrates various configurations
of redundant signal heads that have shown to be effective at signalized intersEgjimes3
illustrates different configurations of two red s&§ heads from the MUTCD. A study in
WinstonSalem, North Carolina, foural33.1 percent significant reduction in RLR rigdrigle
crashes when nine study intersections were equipped with redundant signal heads

(Polanis, 2002).

* [ -
(]
Ok

s

0 =<

BEOEE

R R Y G

Figure 3. Redundant red light signal configurations (MUTCD 2009)

Lighted Stop Bar Systems (LSBS) and Light Emitting Diode (LED) outlined backplates
have shown to be effective in reducing RLR at signalized intersections. LSBS consists of
markers istalled into the pavement along the stop line of an intersection. The markers contain
LED lights which activates during the red signal indication of the traffic light. LED outlined
backplate also consists of LEDs placed around the perimeter of a sigk@labecThe LEDs
emit light during the red signal indication of the traffic light to gain the attention of drivers
approaching the intersection. Active operation of the LSBS and LED outlined backplates are

shown inFigure 4andFigure 5 respectively.
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Note:
Vehicles are stopped
behind the stop bar.

Figure 4. Lighted stop bar system (active) inobston, Texas (Tydlacka et al., 2011)

= LED Backplate
" (Active)

Figure 5. LED backplate (Active) in lduston, Texas (Tydlacka et al., 2011)

Tydlacka et al. (2011) conductedtaidy at two signalized intersections ioudton,
Texas to evaluate the effectiveness of these supplemental traffic control devices. dugdoll
data using video cameras thisgys before ahthreedays after the installation of the LED
backplates andSBS separately at the two study intersections. They found a statistically
significant reduction of RLR violations from 21.8 to 11.2 violations per day per 10,000 vehicles

at the site where the LED blackplates were installed. At the intersection with t&§Sounda
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reduction in RLR violatioafrom 12.9 to 11.3 violations per day per 10,000 vehicles. That was

found to be not statistically significant.

2.6.2.3Advance Warning Signs

Advance warning signs gain the attention of road users to unexpectecyoaavditions
that might be not readily apparent to them. AccordinpggUTCD (2009), the ASi
Aheado s3)sgown ifFiBe 6can be used to alert derivers of the presence of a

signalized intersection ahead.

Figure 6. Signal Ahead sign, W3 (MUTCD 2009)

Polanis (2002) analyzed a befafter crash data (36 to 48 months) from collision
diagrams prepared by police departmarthe city of WinstonSalem, North Carolinao
evaluate the effectiviess of eight engineering countermeasures to reduce RLR. A-aétiere
study of ASignal Aheado signs was one of the
of the ASignal Aheado sign at 11 sttamge | ocat i

crashes.

Anot her type of advance warning-4agn is th

showninFigure7 FIl ashi ng beacons and-13PYdhevnirFigurea8s hi ng o
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can be added to this sign to alert drivers that the green lighbi# to change to red in few

seconds (MUTCD 2009).

PREPARED
10 STOP

Figure 7. Be prepared to stop sign, WB(MUTCD 2009)

O O

BE
PREPARED
TO STOP

WHEN
FLASHING

Figure8.i Be prepared to stopd sign supplemented with
(MUTCD 2009)

Messer et al. (2004) performed a two year study to evaluate how the Advance Warning
for Endof-Green Systems (AWEGS), could reduce RLR violations at tglo $peed
intersections in Texas. Red liglunners were detectedattheé udy sites by using
vehicle detection systemso (VIVDS). Prior to

for two weeks. After installation of AWEGS, thegllected data for 35 days for the first phase of
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their study followed by the second phase where data were collected for 21 days. Results of their
field evaluations showed that AWEGS reduéddR violations withinfive second®f the onset
of the red lightmdicationby 40 to 45 percenEigure 9shows the design features and layout of

the AWEGS.

AWEGS Layout

= Advance Inductive Loops @

AWEGS
W3-4

= [
\d | . —) =i
i . Backup 5 SDLC
Serial Cable
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E . Outputs
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Industrial Computer

BIU3 &4 10
Terminals
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QOutputs
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- Inputs -
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e
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Qutputs i

NI DAQ 6527 I/O Terminals Timer Relays

Figure 9. Design features and layout of AWEGS (Messer et al., 2004)
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2.6.3 Physical Improvements

At low-volume intersections where tfia signals are unwarranted, removing the signals
can be an effective measure to reducing crashes at such locations provided the safety and the
operational characteristics of the intersections are not compromised. Before traffic signals are
installed at ay intersection, warrant studies should be conducted based on pedestrian volumes,
traffic volumes and safety measures at the intersection. A study in Philadelphia showed that the
removal of unwanted signals at 199 leelume intersections contributed teash reduction of

24 percent at those intecsi®ns (Retting et al., 1998).

Additional traffic lanes for manevering through or making rightirns or leftturns at
signalized intersections is an effectimeasure of reducing congestidviost traffic delag occur
at intersections and when drivers stay in queues for longer periods, they might run red lights to
avoid waiting for the next cycle. When additional lanes are added to intersections to increase

their capacity, the problem of congestion will be restlic

A modern roundabout is another alternative to reduce the sevkatrash such as
right-angle that are common at signalized intersections. Converting a signalized intersection into

a roundabout has shown to increase safety.

In NCHRP Report 57-Roundabouts in the United Staté&degerdts et al. (2007) found
a 48 percent reduction in all crash types and a 77.7 percent reduction in injury and fatal crashes
when nine signalized intersections were converted to a roundabout. Persaud et al. (2001)
perfamed a study to evaluate the change in vehicle crashes when 23 signalized or
stop-controlled intersections were converted to roundabouts at urban, suburban and rural

locations in the United States. They performed a bedfiex Empirical Bayes analysis thfe
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data they gathered. Results of their study showed a 40 percent reduction of all crash types and an

80 percent reduction of all injury crashes at the 23 intersections combined.

2.7 Enforcement Countermeasures.

Enforcement countermeasures are thoaeitttlude the use of a police officer, or a
device which acts as a surrogate to a police offéeveral studies have been conducted to
investigatethe effectiveness of these twountermeasures or combination of the

countermeasures in reducing RLR ansilized intersections.

2.7.1 Automated Enforcement
Automated enforcement is a highly effective way of using cameras to enforce RLR at
signalized intersections. As of May 2014, 503 communities in the United States had red light

camera programs (lIHS, 20114

Several studies have shown that using automated enforcement is an effective tool in
reducing RLR violations and associated crashes at signalized intersections. Fitzsimmons et al.
(2007) found 44 percent, 90 percent and 40 percent reductions inightegrrgle and reaend
crashesrespectivelyin a study they conducted in Council Bluffs, lowa. Similarly, a study
conducted in North Carolina at red light camera equipped intersections showed a 17 percent
reduction in total crashes, 22 percent reduction in RLR related crashes, 42 percent reduction
angle crashes and 25 percent reduction ineadrcrashes (Cunningham and Hummer, 2004).
Studies in Oxnard, California and Fairfax, \img found red light camerasducel RLR

violations by approximately 40 percent (Retting et al., 1999a, Rettirig £989b).
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2.7.2 Targeted Enforcement

The goal of targeted enforcement is to make the pbkbliome more aware of RLR
through an increase in ticketed violationglepresence of traffic enforcement agent at an
intersectiorTargeted enforcement is designed to target an identified signalized intersection or
corridor where RLRhas recently become a problem, or has been identified as a problem through
a crash and/or violation studith this technique, one officer stationed tipam of an
intersection will observe the violation, then send a radio message to another officer stationed
downstream of the same intersection to pullover the offender and issue a ticket. This technique is
regarded as effective in reducing RLR violatitvesvever, it is labceintensive. In some
communities, confirmation lights are used as an alternative to team enforcement (Bonneson et

al., 2004).

2.7.3 Confirmation Lights

Confirmation lights are a relatively small, leswst light mounted on the top or the
bottom of a traffic signal head or -Rgnalt ar m.
Enforcement Lightso or ARed I ndication Lights
al., 2009). The confirmation light activates simultaneously duhieged signal phase to aid a
police officer located downstream of the intersection in observing a RLR violation. After the
confirmation light turns on, it is visible 360 degreesi any intersection approackhe
confirmation light is wired directly intthe red signal aspect and only activates when red light is

indicated as shown iRigure 10
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Figure 10. Confirmation light wired directly into red aspect of signal

This system eliminates the need for a team of offiteersonitor red light violators at a
single intersection, thereby cutting down the police staéfftectively enforce RLR at an
intersection. Additionally, the low cost of diimation lights (cost betwee®50 and$150 in
2014 dollary potentially allows rore installation at other problematic intersections, hence,

increasing enforcement resources efficiently (Hsu et al., 2009).

Reddy et al. (2008) investigated white enforcement lights at 17 intersections on the state
highway system in Hillsborough CountyipFida. The researchers evaluated effectiveness by a
violation and crash analysis. Five months prior to installation, violation data were collected at 24
intersections on weekdays during morning and evening peaks hours. A similar study was
conducted in théhree months after installation at the 17 intersections in which the lights were
installed. Considering all intersections, a total of 759 violations were recorded in the before
period while 567 violations were recorded in the after period. It was naeddme
intersections saw an increase in violations. A matgadttest was performed and it was

determined the reduction in violations were statistically significeimt. authors upon further
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analysisfoundthatthe reduction in violations during theonming peak hour were not statistically

significant while the evang violations were at the 95 percent level of confidence

Crash data were obtained from the Florida Department of Transportation for a period of
six years (2002005). Data from 200Q002 were considered the before period in which 828
crashes per year occurred at the study intersections of which 56 crashes pargedue to
RLR. Data from January 2004 to December 2004 were considered the after period with 2003
being considered thastallation period. An average of 860 crashes per gethe study
intersectios wasrecorded with 52 crashesgipyear due to RLRThe authors further broke down
the crash analysis and investigated approaches with white enforcement lights and fowsd crash

were reduced from approximately 40 crashes per year to 28 crashes per year.

The Minnesota Local Technical Assistance Program (2009) summarized a completed
study conducted by the University of Minnesota and City of Burnsville, Minnesota in which blue
corfirmation lights were installed at two signalized intersections on County Roads 5 and 11. An
investigation assisted bigg University of Minnesota saw tllaily violation ratereduced by 41
percent. Research also found that violations increased in hedfiy &nd most violations

occurred during peak hours

Although confirmation lights have been largely deployed througtme United States
including communities in Florida, Texas, MinnesdKentucky and Californidimited research
studies have been pudtied to determinthe effectiveness of the countermessin reducing

RLR violations or crashes.
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2.8 Public Education
Reaching out and educating the public is an effective way to communicate the
seriousness of a dey running red lighat a signalized imrsection. Public education could
include media campaigns, grants for targeted enforcement, commerctakst, fnstruction
during drivesbeducation classeand/ortelevision newscast segments on high crash intersection

locations

2.9 Literature Review Summary

As reported in the liteture search, RLBontinues to be a serious safety concern and
many communities and researchers have investigated countermeasures ranging-trost low
signal timing adjustments to expensive intersection geometric improt®reautomated
enforcement. Tdully address RLRIit takes all aspects tlie three Es (Engineering,
Enforcement, and EducatiprAs stated previously, this research project is intended to
investigate a lowcost countermeasure to aid police officers aadterthe pblic aware of RLR
atdesignated intersections in Kansa@hkis research will provide additional information into the

effectiveness of the cfirmation light system
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CHAPTER 3: PROBLEM STATEMENT
RLR continues to be a serious safety concern for many communities across the United
States. Traditionally, when signalized intersections have been identified as a locatiohigith a
number of RLRviolations, traditional targeted enforcement is used to eethe number of

violations.

To safely and efficiently enforce RLR at targeted intersectionstiple policeofficers
are needed to verify whether a vehicle aared lightandto correctlyissue a ticket to the
offender Many times, thias requiredtleast one officewatching the signal and stop line
while another is waiting downstream of the targeted approach and/or movement. In some
instances, an offer observing a RLRiolation will chase an offending driver through the

intersection, thus exposifgm or her to crossing vehicular traffic.

Also stated in the literature search, many communities have turned to automated
enforcement to monitor and ticket red light runners at signalized intersections. Automated
enforcement, although found by many reskatudies to be effegt at reducing RLRiolations
and related crashes, have become a target of driver privacy. The State of Kansas currently has
legislation that prohibits the use of automated enforcement (State of Kansas, 2013 Statute,
21-6101, subsdion (g (6)), unless deemed essential dafety by a community and all other
options have been exhausted. However, automated enforcement can be found in the neighboring

state of Missouri.

The objective of this study was to investigate the effectivenfes$ow-cost signalized
intersection treatent to reduce RLRt signalized intersectns. Confirmation lightswere chosen
as a lowcost optiorto aid police officers in more easily observiRgR violationswhen

positioned downstream from the intersectiGonfirmation lights have been deployed in many
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communities across the United States. However, limited effectiveness data has been published
that can support the effectiveness of this devie® busy signalized intersections in Lawrence,

Kansasvere selet®d as the treatment sitestest theeffectiveness of this device

Effectivenes®f the confirmation lights wadetermined by a beforafter violation study.
The changes in violations were used as a safety surrogate for the potential changes irAcrashes.
secondary performance measure that was used included the changes of violation time into red

which is an indicator of how lonafter the red signal a vehicle violated the red light.
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CHAPTER 4: RESEARCH APPROACH
The research study wasnducted in Lawrence, Kansas. The City of Lawrence has a
population of over 87,000 residents and is the location dftineersity of Kansas. Kansas
Highway 10 (k10) runseastwest and connects Lawrenieethe Kansas City Metropolitan area.
lowa Street S 59) runs nortfsouth and connects traffic to Interstate(l#@0) in the north of

Lawrence

The study intersections welecated within city limits, wee similar in geration, and had
no current oplanned construction at the intersection during theysperiod. Since the project
was limited to a 12 month styda violation studywas conducteth place of a crash study which

would require multiple years of before and after crash data.

4.1 Measure of Safety

Typical countermeasure effectiveness studigsae three to six years of before and after
crash data (Tarko et al., 2009). However, crash data may be limited due to small sample size and
lack of details to explain the mechanisms of crash failures and driver crash avoidance behaviors
(Tarko et al., 209). To measure the safety effect of a treatment, a significant number of crashes
need to have been recorded before an action is taken. In situations where a recent
countermeasure is implementagch asvasthe casen this study it is difficult to measue the
safety effect of that countermeasure if crash data from the period paiod tafterinstallation
are limited. Because of these issues, other observabilenash traffic events and surrogate data
instead of crash data can be used in road safelysé#n this research studpeforeafter
violation data were used as a surrogate measure to evaluate the effectiveness of the confirmation

light systemsince crash data were limited.
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4.2 Site Selection

Prior to meeting with city officials22intersectonswere identified as possible sites for
installation of the confirmation light&\ set of variableghat werenvestigated at e&oof the
intersections includedpproach geometry (e.g. number of lanes, pavement markings, tayper
right turning lans), posted speed limited between 30 and 50 mph, protected and/or
protected/permitted left turning lanes, a safe location where a police cabeopdgitioned near
the intersection approaches, and moderate to high peak hour golppendix A shows the

chaacteristics and aerial views of the 22 intersections.

The 22 intersections we reduced to 13 candidate sites. This was accomplished by
eliminating intersectionwhich did not meet the set of variablesplained aboveTo verify
similarities in traffic volumes aspecific intersectionghich were deemed toave the most
promise for treatment, nine intersections peak hour traffic counts were collected during the
morning and evening peak hours on either a Tuesday, Wednesday, or Thursday between August

and fptember of 2012.

After themarual traffic counts were conductatiwas agreed with th€ity of Lawrence
officials (including the city traffic engineer, traffic signal technician, #r@police leutenant in
charge of traffic enforcementhe twotreatment sites kere the confirmation lights would be
installed Other intersections to be studied to investigate possible spillover effects of the
treament, anccontrol intersections located in different areas of thevegse also identifiedA
total d two treatments sites, six spillover sites, and five contressitere selected as

appropriated sites for this study
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4.3 Site Category

4.3.1Treatment Sites
As stated previously, two signalized intersections in Lawrence were determined to be

optimallocations for the confirmation lights to be installed. These included:

q 239Street and lowa Streaind

q 239Street and Louisiana Street

Both of these intersections are ltedon k10 whichpasseshrough Lawrence. The
intersection of 28 Street and low Street is the highest volurimtersection in theity with also
the mostrashesDetailed information on each intersection can be found in the following
sections At the request of the Lawrence Police Department, the researcledegmed both of
theseintersectiosbprotected l&-turningmovementonly approaches with confirmation lights
due tothe highest numbaerf red light violations for theseovemens. Additionally, the
intersection of 2% Street and lowa Street has a high percentage of heaigfesHeavy
vehiclespredominantitravel through this intersection by making a left turn from southbouand
lowa Street to eastbound 88 Street as a way taccess the southlreKansas City Metropolitan

area

4.3.2Spillover Sites
Spillover sites areignalized intersections located directly adjacent to the two treatment

intersections in Lawrence. These included the following locations:

¢ 19" Street and lowa Street
T 19" Street and Louisiana Street
q 23YStreet and Ousdahl Rgad
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q 23YStreet and Alabama Street

¢ 25" Street and lowa Streeind

1 Clinton Parkway and Crestline Drive

Previousresearch relating to automated enforcement has indicated that if an intersection

is treated with an enforcement device (e.g. automated red lightiguceimera), similar effects

can occur at nearby intersections (Retting and Kyrychenko, 2002, McGee and Eccles, 2003) thus

terming

t Hd opvlerr a =4 f fe< f liowasexpecti@dhtlzat acedection ie red
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light violations occurred at thteeatment intersections, a reduction would also be found at these

six intersections as well. A map indicating where the treatment and spillover intersections are

located is in shown ifigure 11
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Figure 11. Layout of treatment ad spillover intersections in Lawrence, KS (Google

maps, 2013)
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4.3.3Control Sites
The five control sites selected for the stuslgre located ouide of the study corridor

(but still inthe limitsof Lawrencg and werehe followingintersections

1 6" Street and Kasold Drive

T 6" Street and Michigan Street
1 6" Street and Wakarusa Drive
31" Street and lowa Streaind

1 Clinton Parkway and Kasold Drive

The purpose of the control site®re to determine if anghanges were happening in
Lawrence in terms of red light running. For example, if the research team saw a reduction in red
light running violations at both the control and treatment sites, other factors may be contributing
to the reduction in red light rmmg that may or may not be quantifiable (e.g. public awareness
campaign or targeteshforcement). It waexpected that a reduction in violations at the treatment
site and a constant or increase in the number of violations at the control site wouldaaiso be
indicator of treatment effectivene$igure 12shows the location of the treatment sites as well as

the control sites.
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4.4 Site Desciption

Figure 12. Layout of the control and treatment sites irawrence, KS (Google maps, 2013

As stded in the previous section, Ir8ersectionsvere usedor this study. This section

provides additional information for each intersection. Each intersection has a table that provides

posted speed limit, lane configuration (e.g. L = left, through, R = right, and shr = shared right

turning lane/through lane), number of lanes, and peak hour volumes. The morning and evening

peak hours determined by the research team were 7 a.m. to 9 a.m. and 4 p.m. to 6 p.m. on either

a Tuesday, Wednesday, dhursday.
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4.4.1 Treatment Sites

4.4.1.123° Street & lowa Street

lowa Street (U9) and 2% Street (k10) is located west of downtown Lawrence and
south of the University of Kansas. Table 4 provides operational information and the research
team noted tht this signal operates as a split phase signal timing due to geometric constraints for
the soutboundand northbound turning movement fraf As shown in Table 4, rigkturning
movements were not considered for the northbound, southbound, and westiowamaents s

they wee free ridnt turns as shown in Figure 13.

Table 4. Characteristics of the Intersection of 2% Street and lowa Street

Approach Northbound Southhound Easthound Westhound
Posted Speed Limit 40 40 45 35
Movement L T 24 L T 24 L T R L T 24
Number of Lanes 2 2 1 2 2 1 1 2 1 1 2 1
Peak Hour Volumes

Tam. to 9 am. 130 960 S 529 526 A 486 1398 117 | 209 267 A
4 pm. to 6 pam. 243 296 A 493 1,183 A1 341 1212 284 | 519 1497 A

AFree rightturningmovements not included in this study
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Figure 13 Aenal view of 2% Street and lowa Street (GoogtaapsZOlB)

Figure 14is a ground view of the intersection lookingrthbound. As shown, the
right-turning movement is a free right with a median island. The bouhdand southboush
left- turning movements are duarning lanes and a single protected &itn signal provides
guidance to the vehicles. The two through lanes have a single signal for each lane. A significant
number of pedestrians utilize this intersection as a large apartoraplex is located south of
the intersectionAdjacent to the intersection are commercial developments on three of the four

guadrants
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Figure 14. Ground view of the intersection of 23Street and lowa Street (northbound)

4.4.1.223° Street & Louisiana Street

Similar to 2% Street and lowa Street, the second treatment sft&f@et and Louisiana
Street is located on the same ea&sst corridor. This intersectionaimly handles eastest
traffic as shown in Table 5 bia¢ east and westbound peak hour through movenigutisg

peak hours, a large portion of this traffic consists of commuter traffic to or from the Kansas City

Metropolitan area.
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Table 5. Characteristics of the Intersection of 23 Street and Louisiana Street

Approach Northbound Southbound Eastbound Westbound
Posted Speed Limit 30 0 35 35
Movement L T R 1L, T R L T R 1L, T R
Number of Lanes 1 1 1 1 1 1 1 2 shr 1 2 shr
Peak Hour Volumes

7am. to 9am. 139 414 258 136 244 200 | 236 1,559 83 | 133 1454 199
4pm. to6p.m. 248 499 3537 212 384 243 | 278 1,823 129 | 434 1899 113

Figure 15shows an aerial view of the intersection and it should be noted that on the
northboundand eastbound approaches gas station driveways ackse to the intersection.
Commerciadevelopment, including grocery $ore and strip mallare located on two of the

intersection quadrants.

g —

. — .

Figure 15. Aerial view of the intersection of #3Street and Louisiana Street (Googheaps 2013)
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A ground view of the intersection lookimgstbound is shown in Figure. s stated
previously, the gas ation driveways are locatedbse to the intersection. Additionally,
northboundand southbound approaches to the intersection operate on a protected and permitted
signal. The city had eleado installasinglé i ve head @ do gothrepgproackees. s i gna
The research team noted this @nd further explained in the followingections as to how this

appliedto the study.

Figure 16. Ground view of the interseion of 23¢ Street and Louisiana Street (eastbound)

4.4.2Spillover Sites

4.4.2.119" Street & Louisiana Street
The intersection of 1®Street and Louisiana Street is located directly north of the

intersection of 2% Street and Louisian@treet This ntersection is one of two spillover
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intersections for this treatment intersection. This intersection is located betweel! Siec23
corridor and the University of Kansas asdidjacent to Lawrence High School. This intersection
alsohandles a signifant amount of trdic each day as shown by the emstndand wedbound

approaches in Table 6.

Table 6. Characteristics of the htersection of 23 Street and Louisiana Street

Approach Northbound Southbound Eastbound ‘Westbound
Posted Speed Limit 30 30 30 30
Movement L T R L T R L T R L T R
Number of lanes 1 1 1 1 1 shr 1 1 1 1 1 shr
Peak Hour Volumes

7 am. to 9 a.m. 323 86 293 24 46 31 13 353 148 283 833 23
4 p.m. to 6 p.m. 139 447 100 87 153 21 26 806 206 342 1,001 17

As shownby the aerial image in Figure ltheintersection is located in a residential area
with Lawrence High School located in the southwest QuadrantyAark is located on the
northeast quadrant and single family hana&d business driveways are located near the

intersection in the other two gdrants
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Figure 17. Aerial view of he intersection of 19Street and Louisiana Street (Googheaps 2013)

Shown in Figure 1& a ground view of the intersectiorolang eastbound. As shown,
left-turns for all approaches gpeotected/permitted using a four signal head unit thaertical.
Additionally, rightturns for all approaches are controlled by a permitted/protected signal as well.

Through movemestarecontrolled by a single signal over the lane for all approaches
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Figure 18. Ground view of the intersection of %treet and Louisiana Street (eastbound)

4.4.2.2239 Street & Alabama Street

Moving down the corridor west to east, the intersection Bf@Beet and Alabama Street
is the firstspillover intersection located near the intersection §f@Beet & Louisianstreet
As shown in Table 7, this intersection handles a similar amount dioeastand westbound

commuter trafficThe nathboundand southbound approactee considered minor roadways.

Table 7. Characteristics of the Intersection of 2% Street and Alabama Street

Approach Northbound Southbound Eastbound Westbound
Posted Speed Limit 30 30 a5 a5
Movement L T R L T R L T R L T R
Number of Lanes 1 1 shr 1 1 Shr 1 2 shr 1 2 shr
Peak Hour Volumes

7am. to 9am. 112 84 176 18 29 29 39 1,637 63 49 1570 14
4 p.m. to 6 p.m. 177 62 113 62 98 62 78 2299 159 | 147 2404 51
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As shown in Figure 1%his intersection hasar dealerships on two of the quadrants and a
fast food restaurant oneémortleast quadrant. Ea@asboundand westbound leturning lane is

an extension on the twway-left-turninglane (TWLTL).

13l
=3

- < e, @ g
Figure 19. Aerial view of the intersection of #5Street and Alabama Street (Googteaps 2013
Figure 20is a ground view of the intersection looking westbound. As shown, the
easboundand westboundlet ur ni ng movement signal is the
with five signal heads, one on top and two on each side. Theébpartland southboush
movement is controlled by a single sighabd Also shown in this Figure is an excellent view of

the 23" Street corridor, note the continued TWLTL. Finally, this intersection flashes yellow in

theeasboundand westbound directions after 11 p.m.
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Figure 20. Ground view of the intersection of 23Street and Alabama Street (westbound)

4.4.2.323¢ Street and Ousdahl Road

The intersection of 73Street and Ousdahl Road is the east spillover intersection for the

treatment irgrsection of 2% Street and lowa Street. Similar to the previously mentioned

spillover intersection, this signalized intersection also handles a significant numbebotiadst

and westbound traffic along @%treet. The norttoundand southbound apprdaes are minor

roads and have ahed lanes as shown in Table 8.

Table 8. Characteristics of the Intersection of 23 Street and Ousdahl Road

Approach

Posted Speed Limit
Movement

Number of Lanes
Peak Hour Volumes
7a.m. to 9 a.m.

4p.m. to 6 p.m.

Northbound

Southbound
30
T R
1 shr
161 71
145 187

Eastbound
35
T R
2 shr
1878 37
2124 95

‘Westbound
35
T R
2 shr
1,552 68
2,107 93
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As shown in Figure 2Tear the intersecticare multiple restaurants and on the
southwest side of the intersection is the large parking Iat bfobby Lobby. A residential area
including single family homes and apartment complexebattenorth andouth of the

intersection.

Figure 21 21

Shown in Figure 28 a ground view of the intersection looking east. Similar to the
previously mentioned spillover intersections, bashdand westbound approach Kgirns are
controlledbyp r ot ect ed/ per mi tt e d boindlandjsodthbaursdéutnings i gnal s .

movements are controlled by a singlgrsilhead Also shown in Figure 28 a pedestrian
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crossing signsincean elementary school is located north ofititersection and therear

childrencrossing the intersection duritige a.mpeak hour times.

Figure 22. Ground view of the intersection of #3Street and Ousdahl Road (eastbound)

4.4.2.4Clinton Parkway & Crestline Drive

The intersection of Clinton Paway (23° Street) and Crestline Drive is the spillover
intersection located directly west tbie 239 Street and lowa Street intersection. Similar to the
previously mentioned spillover intersections, this signalized intersection also handles a
significart amount of eabbundand westbound traffic. However, this intersection is the entrance
to the University of Kansas commuigarking lot. This is reflected in the morning northbound

left and right, and evening left and righbvements as shown in Table 9.
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Table 9. Characteristics of the htersection of Clinton Parkway and Crestline Drive

Approach

Posted Speed Limit
Movement

Number of Lanes
Peak Hour Volumes
7am. to9am.

4 p.m. to 6 p.m.

Northbound
30
L T R
1 1 1
107 18 172
142 & 56

Southbound
20
L T R
1 1 shr
8 4 33
163 12 204

Eastbound
45
L T
1 2
279 2.098
33 1,800

239
116

122
39

Westbound
45
R
2 1
1,196 142
16359 31

Figure 23shows araerial view of the intersection with the entrance to the University of

Kansas commuter parking lot on the north side. Thdeastland westbound approaches have a

raised ceter median and a separate rigntning lane for all approaches.

Y
Figure 23. Aerial view of the intesection of Clinton Parkway an€restline Drive (Googlenaps 2013
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Figure 24is a ground view of the intersection looking westbound. As showaof tilk
appr oa ctoreirggnoveneehftdaeer mi tt ed/ protected by fidog h
configurationsAdditionally, a permitted righturn signal $ present to help control righirning

movement for the northbound and westbound approaches.

Figure 24. Groundviewof the intersection of Clinton Parkway and Crestline Drive (westbound)

4.4.2.519" Street & lowa Street

The intersection of 19Street and lowa Street is located directly north of the intersection
of 239 Street and lowa Street. As shown in Table 10, this iat¢icn handles a lot of north and
southbound traffic. This traffic is made up of commuters to the University of Kansas campus and
also traffic that has exited70 in north Lawrence and are wanting to turn left at the intersection

of 239 Street and lowatBeet to take K10 to the south Kansas City Metropolitan area.

50



Table 10. Characteristics of the Intersection of 18 Street andlowa Street

Approach Northbound Southbound Eastbound ‘Westbound
Posted Speed Limit 40 40 30 30
Movement L T R L T R L T R L T R
Number of Lanes 1 2 shr 1 2 1 1 1 shr 1 1 1
Peak Hour Volumes

7a.m. to 9 am. 32 1.655 386 | 478 1325 112 15 133 30 186 108 484
4p.m. to 6 p.m. 71 1,894 313 | 475 2352 18 73 160 129 | 513 109 548

Figure 25s an aerial view of the intersection. The University of Kansas campus is
located on three of the four quadrants with an apartment coraptefire statiodocated on the
southeast quadrant. The ndmttundand southbound leturning lanes are offset witn painted

median. The intersection is on a grade with the crest of the hill located north of the intersection.
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Shown in Figure 26 the intersection during the evening peak hour looking northbound.
This figure also givean excellent view of the uphill grade. There is a signal caeh ef the
four through movement apmchesand a single protected signal for the nbahindand
souttbound|eft-turning movementEasboundandwestbound (minor streets) ldfirning

movements are controlled by a protected/permitted signal.

Figure 26. Ground view of the intersection of %treet and lowa Street (northbound)

4.4.2.625" Street & lowa Street
The intersection of 5Street and lowa Street is located directly south of the intersection
of 239 Street and lowa Street. As shown by Table 11, most of the traffic during the peak hours is

northboundand southbound witthe minor streets being eagtindand westbound.
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Table 11 Characteristicsof the Intersection of 28" Street and lowa Street

Approach

Posted speed limit
Movement

Number of lanes
Peak Hour Volumes
7 a.m. to 9 a.m.

4 p.m. to 6 p.m.

L
1

34
82

Northbound
40
T
2

1.467
2,136

R
shr

24
44

24
67

Southbound
40
T R
2 shr
762 65
1984 98

Eastbhound
30
L T R
shr 1 shr

147 46 33

L
shr

20
94

Westhound
30
T R
1 shr
17 37
68 49

This intersection as shown in Figure B7surrounded by commercial developments

including restaurants and gas stations. The botthd and southbound lefirning lane is offset

with a painted median.

Figure 27. Aerial view of the intersection of 35Street and low&Street (Googlenaps 2013)
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Figure 28shows a ground view of the intersection facing northbound. As shown, vehicles
traveling northbound are cresting a vertical curve before they approach the intersectf®n of 23
Street and lowa Street. There is a singlea for each northoundand southbound through
movement and a single signal for all movementsheasidand westbound. The noltbund and
southbound lefturning movements are permitted/protected, aidilar to other spillover

intersectionsa r e & ofucseegd signal configuration.

Figure 28. Ground view of the intersection of 955treet & lowa Street (northbound)
4.4.3 Control Sites

4.4.3.16" Street & Kasold Drive
The intersection of BStreet (US40) and Kasold Drive is a large signalized intersection

in northwest Lawrence. The intersection is fully actuated and handles a significant amount of
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eastwest traffic(shown in Table 12)s 6" Street is one route commuters take to and from

Topela, Kansas.

Table 12. Characteristicsof the Intersection of 8" Streetand Kasold Drive

Approach Northbound Southbound Eastbound Westbound
Posted Speed Limit 30 30 35 35
Movement L T R L T R L T R L T R
Number of lanes 1 1 1 1 2 shr 2 2 1 2 2 1
Peak Hour Volumes

7 am. to 9 am. 232 186 337 | 218 336 93 39 1,579 229 | 200 1,026 38
4 p.m. to 6 p.m. 495 358 349 | 174 361 120 | 118 1,609 346 | 420 1935 139

Figure 29is an aerial view of the intersection. As shown, thebeastdand westbound
appoaches have two protected {aitning lanes ashthe nortbhoundand soutbound approaches
have one lefturning lane that is permitted/protected. Surrounding the intersection is a gas
station(northwest quadrangnd Walgreengsoutheast quadrant) where driveway acceslose
to the intersection. Adtionally, a strip mall and bank are in the other two quadrants of the

intersection.
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Figure 29. Aerial view of the intersection of'6Street and Kasold Drive (Googieaps 2013).

A ground view of the intersection facing damind is shown in Figure 38s shown, a
raised six inch mediastretches alonthe length of the edsbund and westbound |€firning
lanes. Additionally, theastbound approach has a righrning lane that also serves as a bus

stop.
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Figure 30. Ground view of the intersection of'6Street and Kasold Drive (eastbound)

4.4.3.26™ Street & Wakarusa Drive

Continuing west on'6Street and also located in the northwest part of Lawrence is the
intersection of B Street US-40) and Wakarusa Drive. This intersection also handles significant
eastwest commuter traffic as well as soottundand northbound high school and residential

traffic. The operational data collectedtive field is shown in Table 13.

Table 13. Characteristics of thelntersection of 6" Street andWakarusa Drive

Approach Northbound Southbound Eastbound Westbound
Posted Speed Limit 45 45 45 45
Movement L T R L T R L T R L T R
Number of lanes 2 2 1 2 2 1 2 2 1 2 2 1
Peak Hour Volumes

7am. to 9am. 325 260 404 | 145 235 63 46 643 214 | 493 352 66
4 p.m. to 6 p.m. 318 316 627 | 227 311 66 36 868 235 633 752 206
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An aerial view of the itersection is shown in Figure 3As shown, all apaches have
two protected lefturning lanes. All approaches besides the northtbapproach have permitted

right-turning lanes.

Figure 31 Aerial view of the intersection of'6Street and Wakatrusa Drive (Googieaps 2013)

Figure 32shows a ground view of the intersection facing eastbound. As shown, each
appoach has a raised median with the traffic signal pole and mast arm located in the center of
the intersection. Also notedhthere are two protected lftrning signals with one of the signals
directly over the lane and one lower at the center of thee fible intersection is surrounded by
commercial development with driveway access far from where the intersection queue would

Ooccur.
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Figure 32. Ground view of the intersection of'6Street and Wakarusa Drive (eastbound)

4.4.3.36" Street and Michigan Street.

The intersection of BStreet (US40) and Michigan Street is close to downtown
Lawrence. The intersection serves a considerable amount efeststrafficsimilar tothe other
two control intersections alond'@treet. Additionally, the intersection serves the Lawrence
hospital and residential areas in north Lawrence. This intersection flashes yellow after 11 p.m.
similar to other rmor intersections in the city. Table 14 shows the characteristics of this

intersction.
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Table 14. Characteristics of thelntersection of 6" Street andMichigan Street

Approach Northbound Southbound Eastbound Westhbound
Posted Speed Limit 30 20 as is
Movement L T R 1L, T R L T R 1L, T R
Number of lanes shr 1 shr shr 1 shr 1 2 shr 1 2 shr
Peak Hour Volumes

7 am. to 9 a.m. 68 78 18 411 71 g6 65 1,733 32 13 1348 216
4 p.m. to 6 p.m. 123 101 20 | 403 63 215 69 1841 33 19 2243 220

Figure 33shows an aerial view of thatersection. As shown, the latirning lanes are
part of a TWLTL through this part of'6Street. The westbound approach has a permitted
right- turning lane. The photwas taken in 2011 whennew overlay and pavement markings
were instded. This intersection also Bgedestrian trafficsathis is one way for residents to

travel fromthenorth Lawrence housing developments to the University of Kansas.

j‘r “.--— -l l 4 - —

of the intersect

Figure 33. Aerial view ion of'6Street and Michigan Street (Googtaaps 2013)
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Figure 34is a ground view of the intersection facing eastbound. Aaishall approaches
have permitted signalsff the through, right, and leftirning movementsSurrounding the
intersection areestaurants and small businesses. A business with driveway access very close to
the intersection is a Dunkin Donutghich is lo@ted in the intersecti@neorthwes quadrant as

shown in Figure 33

Figure 34. Ground view of the intersection of"6Street and Michigan Street (eastbound)

4.4.34 31stStreet & lowa Street

The intersectin of 31st Street and lowa Stréetocded at the south eraf Lawrence.
This intersection handles a considerable amount of +sonkh traffic of commuters traveling to
Lawrence from the south and also traffic that has taken th@ Bypass around welshwrence.
Table 15 shows the peak hour volumes for the intersectionweastraffic is local traffic and

those wishing to access large commercial developments surrounding the intersection
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Table 15. Characteristics of thelntersection of 31% Street and lowaStreet

Approach Northbound Southbound Eastbound ‘Westbound
Posted Speed Limit 45 45 40 40
Movement L T R L T R L T R L T R
Number of lanes 2 2 1 2 2 1 2 2 1 2 2 1
Peak Hour Volumes

7am. to9am. 93 o916 220 | 115 442 171 | 206 402 108 138 300 208
4 p.m. to 6 p.m. 231 923 187 | 376 1,092 358 | 395 514 253 | 249 488 261

An aerial view of the itersection is shown in Figure 3bhe intersectin is fully actuated
and has duagrotected leftturning lanes for alapproaches and permitted rightning lanes for
all approaches. Thatersection is surrounded by banks atrghsnalls including a discount

supestore

= (J o b sl E] ' 2 i
Figure 35. Aerial view of the intersection of 34Street and lowa Street (Googieaps 2013)

62



A ground view of the intersection is shown iglire 36facing northbound. As shown,
each lane has a sigrfedadover it. Additionaly, a raised median is located alhapproaches.

Driveway accesssto the adjacent properties are signal controlled and are not close to the

intersection.

Figure 36. Ground view of the intersection of $Street and lowa Street (northbound)

4.4.3.5Clinton Parkway & Kasold Drive
The intersectiof Clinton Parkway and Kasold Drive is a large signalized intersection
located southwest of dowown Lawrence. This intersection handles a significant amount of

commuter tréfic traveling east and west the south part of the city as shown in Table 16
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Table 16. Characteristics of the Intersection ofClinton Parkway and Kasold Drive

Approach Northbound Southbound Eastbound Westbound
Posted Speed Limit 40 40 45 45
Movement L T R L T R L T R L T R
Number of lanes 1 2 1 1 2 shr 1 2 1 1 2 1
Peak Hour Volumes

7 am. to 9 a.m. 146 371 197 428 315 98 169 1394 185 | 125 791 355
4 p.m. to 6 p.m. 273 606 201 582 643 223 | 137 1118 301 | 262 1465 643

An aerial image of thatersection shown in Figure 3hows three of the four
approaches having raised mediaviththe northbound approatiaving a painted median.
Pedestrian traffic is mainly eastest with a pulic drinking fountain locatedn the sidewalk in
the southeast quadrant. Surrounding the intersection are a strip mall with a grocery store,

residential areas, and a medical complex.

Figure 37. Aerial view of the intersection of @iton Parkway and Kasold Dvie (Googlemaps 2013)
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A ground view of the itersection is shown in Figure 3Basbound and webbund
left-turning movemerstare protected while the sobitundand northbound lefturning
movemendarepr ot ect ed/ permi tted vua.iThegastoundandidog hous

westbound approaches also have antéd rightturning signal for the righturning movement

Figure 38. Ground view of the intersection of Clinton Parkway and Kasold Drive (westbound)

4.5Field Data Collection

As stated previoulg, a beforeafter violation studyvas conductetb determinghe
effectiveness of the blue confirmation lights at two signalized intersections in Lawrence. The
best way to collect vioteon data was by using video camerndswever collecting and reducing
video daa was complicated and time consumifigne initial idea was to use tipermanently
installed pan/tilt/zoom cameras located at the all of the intersettioasord the video,

however, the field of view did not allow feuficient data extraction. Onfeld of view that
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could monitor a single approaerasneeded to collect and reduthe data ashown in

Figure 39

Protected Left Through movement

turn signal signal

N

Stop line & Crosswalk
Left turn lanes

Through lanes

Rightturn lane
e

Figure 39. Camera view of an intersection approach

As stated in the previous sext, almost all of the intersections under investigation had
multiple lanes and sometimes a rightning lane. Thdield of view also needed to includee
stop bar and traffic signals. As shown in Figure 39, this field of view was for the eastbound

apprach at the intersection of 6th Street and Kasold Drive

Commonly available equipmentere usedor the data collection effarfThe high
definition video cameras used to collect the data had a maximum battery life of 0.5 to 1 houir,
thus needing either axxtended battery pack, or a deep cell batted/iamerterwere used to

extend the record time of each cam&sahown in Figure 40
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Inverter Cameras

counter

Computer

Tripod

Figure 40. Equipment used for field data collection effort

Anotherimportant aspect to the data collection methodology was setting up the video

camera equipment at all four approacbesach intersection as shown in Figure Bach

camera setip was positioned as far from the traveled lanes as practicable to minimize th
likelihood of driversnoticing it. The camera seps were monitoreftom a vehicle parked close
by. Figure 42 show an example of theetup of the equipmenat theeastboun@pproacthof the
intersection of 2% Street and Louisiana Stre®trior to viceo data collection at any intersedt,

a notice was givethe City of Lawrence Police Department dispatzdm
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Figure 41. Camera positions at intersection
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igure 42, Settinu of a camerato record RLR violations.

Video data were collected on weekdays that werehadidays or during a special event
(e.g. basketball game) on either a Tuesday, Wednesday, or Thursday. Data were collected during
the morning peak hour (7 a.m. to 9 a.m.) anehawy peak hour (4 p.m. to 6 p.m.). A similar data
collection methodology was used for the after study. The datelsialm video data were

collected including the installation dadee as follows:

91 Before study October 17 to November 29, 2012
1 Confirmation Light Installatiofi July 1 to July 2, 2013
1 One month after studyAugust 6 to August 22, 20iand

1 Three month after studyOctober 9 to November 5, 2013
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As shown by these data collection datesew®tdping intersections twice ansingle day
took a considetale anount ofstaff timewith limited equipment. Quality control in the field was

imperative toobtainaccurate results.

4.6 Data Reduction

A total of 760 hours of video dateere collectedor the entire project which resuttén
over 2 terabytes of high definitiondgo. Intersection video data wesgluced manually by
student undergraduate research assistants. A methgdeésgdeveloped to ensuaecurate
video data reduction. Students reduced the peak hour datpr=vadusly listed intersections

The following guidelines were given to each student to reduce the video data:

1 A vehicle that proceeded through (or crossexidtop bar), made a rightrn ormade
aleft-turn after the red signal was shownsaansidered a RLRiolation.

1 A vehicle that crossetthe stop bar dung the yellow interval, or wain the
intersection when the signal showed yellow or red nat considered a RLR
violation (e.g. permitted lefiurns).

1 A vehicle that mada rightturn on red witout coning to a complete stop wa
considered a RLR violation.

1 If avehicleran a red lightcalculatethe time into recnd record.

1 If a vehicle rara red lightrecord byindicating the type of vehicle (e.g. passenger
car (1), truck (2), bus (3) or recreationahicle (4)).

1 While monitoringone approach at a time for Rivlations,the traffic counts for
each lanevererecorded

1 Violations wererecorded based on the configurations showriguire 43 Table 17
explains the configations indicated by code8 through 9 in Figure 43
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Left turn Through lane Right turn Left turn Through lane Right turn
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Figure 43. RLR violation configurations

Table 17. RLR Violation Configuration Description

Code

Violation Description

0

Three or more vehicles following closely (in platosiglate red light together traveling
side by side (double through lane)

A single vehicle violates red light when making a left turn

A single vehicle violates red light when it proceeds through intersection

A single vehicle violates red light whamaking a right turn

Two or more vehicles in platoon violate the red light when making left turn

Two or more vehicles in platoon violate the red light when they proceed through
intersection

Two or more vehicles in platoon violate the red lighien making right turn

Two vehicles violate red light together traveling side by side (double left turn)

Two vehicles violate red light together traveling sided be side (double through lane

© ([N ]|O®O]| O [A|W|IN|F

Three or more vehicles in platoon violate red ligigether traveling side by side (douk
left turn)

lllustrated inFigure 44 is the template that was distributemthe students that reduced

the video data.
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Number of  Type of = Seconds NB SB EB WB Time of Day

Vehicles  Vehicle into Red (a.m./p.m.)
1 2 2 1 7:35a.m.
2 1 6 3 4:15p.m.
3 3 2 7 8:20 a.m.
4 1 2 7 5:50 p.m.
5 4 1 2
6

Approach Morning or Evening Peak Volume
Leftturn  Through  Rightturn Total Volume
NB 55 7 61 123
SB 6 3 13 22
EB 24 951 18 993
wB 140 1579 75 1794

Figure 44. Sample of reduced data in Microsoft Excel sheet

The primary data of interest shownRigure 44arethe number of vehicle that ran the red
light, type of vehicle, seconds into rexhwhich agroach the violation occurrethe type of
configuration, and the time of day the violation occurred. Additionally, the turning movement
counts are shown for each approach. Detailed results for all the study intersections are shown in

Appendix B.

Once a student completed an intersectinduding all four approaches), the sheet was
given toone persoto perform a quality check/assuranceyAecorded incident as a violation
was reviewedto ensure a RLRiolation occurred and was recd&d accurately. Orcthe data

reduction effort wasamplete, the data weeggregated into one excel file for analysis.

4.7 Data Collection and Reduction Limitations
Collecting field data can result in unknown and sometimes complicating @itsaBome
of the challengewhich complicated the data collecti@nd reduction efforisicluded the

following:
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1 ARLR crash was observed at one of the treatment sité’ssméet and lowa Street)
during the 3 months after data collection during the morning peak hoor t&this
crash, video data weamly collectedfor an hour. Due ttheintersection being shut
down temporarily by the Lawrence Police Department, video data were recollected on
a different week day.

1 At the intersection of 6th Street and Kasold Drive, the video camera monitoring the
eastbound approaetas stolen. fie data stored on the camera west and data
were collected at the intersection the following day.

1 After 45 minutes of data collection at the intersection of 23rd Street and Louisiana
Street during the 3 months period, a contractor entbeethtersection to setup a
temporary work zone, delaying the data collection effort for another weekday.

1 During the data collection effort, Kansas weather brought rain, wind, sleetnaw.

In those circumstances, the-sgis weresither shut dowrearly, or readjustd (e.qg.
usingplastic bagso cover camerasr chainthe setups tied dowh

1 Since the research project utilized commonly available video recording and power
source equipment, limitations on equipment reliability was an issue during some
recording sessions. This included malfunctioning batteries, inverters, or cameras.
Identified equipment failurevas noteckither in the field or during the data reduction
process and data recollection occurred as quickly as possible.

1 Atmany locations, pedaest an6s passing by tamperwitha mer a s
the units. Once they see someone monitoring thepsethey left the area. Camera

equipment was checka&shmediately every time this happened
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4.8Installation of Confirmation Lights

Pelco confirmabn lights which range from $11$140 depending on the mounting
bracketwere installed at the two treatment sitds shown irFigure 1Q the City of Lawrence
specified that the lighte mounted by a cable AstBrac. Also shown in Figure 1@xcess cable
and wire were zighord strapped to the mast arm and sign bracket. The Pelco confirmation light
comes in multiple colors including blue, red, and clear. A standard Edison light bulb is used and
the plastic dome is sealed by a rubber weather strippingcdrifemation comes with a short
three strand wire which included a ground wire. The Lawrence traffic signal technicians removed

the provided wire and attached a standarde.

Since the faffic signal controller cabinet and signal heads weregoweedLEDs, the
city requested fothe brghtest lowpowered light bulb becauseconventional 65 watt
incandescent bulbs would trip the intersection battery backuprsy$teee LED light bulbs and

an 8® Lumens 9 Watt LED light bulivere selected for installation

The confirmation lights were installenh leftturn signalsat both intersections (23
Street and lowa Street & ¥Street and Louisiana Street) on July 2, 20%8ween 9 a.m. and 10
a.m. Atthe intersection of 23andLouisiana, the lights were installed only on the eastbound and
westbound appaxchesThe northbound and southbound approaches had profeetertitted
left- turn sigrals which makethe confirmations ghts not to work as expedteThe permitted
phase foréft-turning movementsvill show both solidred andsolid green indications and at the
same timeactivates the confirmation lightk suchinstancejt will be confusingfor a police
officer located downstream of an intersection to tell whether a violaiwcurred during the
permitted phase or after thedsignd indication In order to avoid such confusiahge

confirmation lights werénstalled orprotected leftturn approaches onl¥igure 45shows a field
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installation of the confirmation lights byetCity of Lawrence at the Intersection of"3treet

andlowa Street.

Figure 45. Field installation of the confirmation light

4.9Public Awareness of the Confirmation Lights

Prior to installation and activation of the blue confirmation lights at both intersections,
the City of Lawrence consulted with the city and country traffic judges as well as the city and
county prosecutors so unintentional confusing would not happea ¢oilrt system saw the

words Ablue Iightd on a citation.

Additionally, the University of Kasas and the City of Lawrengantly release a
staement regarding the project. Copadshe press releasean be found iAppendixC. The
coordinated pres®leass weredesigned to inform drivers that a change was happening at two
intersections and a different color was going to be present besides red, yellow and green. The

press releasewerealso designed to show commitments tornsgetion safety bthe Gty. Shown
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in Figures 46 and 4&re the blue confirmations lights during the daytime and nighttime

respectivelyat the intersection of #3&Street and Louisiana Street.

Figure 47. Nighttime operation at 28 Street and Louisiana Street
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Additionally, the research project was spotlighted by local television and newspaper

media. A phat of the principal investigat@nswering questions by the local media is shown in

Figure 48

Figure 48. Project investigatr meeting with the media at one of the treatment intersections

It should be noted that the effectiveness of the public awareness camaaigot
evaluated as piof this study. Additionallythe Lawrence Police Departmesuntinuel their

regular dues monitoring RLRo avoid targeted enforcement during the study period.
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CHAPTER 5: RESULTS
This chapter presents the descriptive statistics of all the before and after RLR violation
data collected at the 13 stuthyersections. Variables includinBLR violation rates by
intersection lane, time of the day when RLRIaimns occurred, time inteed, the vehicle typs
involvedin RLR violations and the RLR violatiogby configuration typeare presented in this

chapter.
5.1. RLR Violation Rates by Intersection Lane

5.1.1 Background

The severity of RLR crashes depewastypicalsignalizedntersectiorcrash types such
as rightangle, rear endeft turn and/or sideswip®&ight-angle crashes haweoreserious safety
implications than other crash types. Since signalized intersectiontgpegargely depension
vehiclemovement a& signalized intersectiorntheviolation rates byanewereinvestigate to
determinenow serious RLR violations are feach ofthethreepossiblemovemerd: left turn,

right turn, and through.

5.1.2 Methodology
Data were reduced as describedhapter 4. RLR \lations were expressed as a rate

(violations per 10,000 eating vehiclespy using Euation 3

14 <gr — f o mrra 1 4 Eqg.3

Where:N; = total number of violations (N) observed during the study period

V; = total number of entering vehicles (V) during the study period
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A rate was usetb account for varying intersectigraffic volumes (exposure). The
morning peak hour violations agell as the evening peak hour violatidns each study site/ere
combined Then, theviolation rates were plotted on theayis andhe site categoriesn the
x-axisfor all the study periods. The next section prosidetail resultéor the morning and

eveningpeakhouds vi ol ati ons

5.1.3 Results

5.1.3.1 Leftturn RLRViolation Rates

Figure 49shows the lefturn RLR violation rates for the thréges ofstudy sites during
the morning peak hours. As shown, the treatment site saw the highest vi@ttgduring the
before, one monthAnd three months after installation of the confirmation lights. The treatmen
and spillover sites saw greateductions in the violation rate one month after the installation
than the control sites. Addinally, thesesites saw furthelecreasg in violation rates three
months after the installatiost the control sites, violation rateecreased during the one month

after study but remained the same as the before violation rate during the three months after study.
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Figure 49. Left-turn RLR violations rates per study intersection for befeaéter study (Morning).

Figure 50shows the lefturn RLR violation ratefor the evening peak hours. As
previously discussedhe treatment sitemgainsaw the highest violation ratas compared to the
othertwo study sitesOverall, cne month after the installation of the confirmation lights, the
violation rates decreased considerably at the treatment and spillovéusitesreased slightly at
the cantrol sites The three months after study saw increases in the violatioratdtes treatment
and spillover sitebut were still lower thathe before rates. At the control sites, significant

changesn RLR violation ratesvere observed during all tls¢udy periods.
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Figure 50. Left-turn RLR violations rates per study intersection for befeafter study (Evening)

5.1.3.2Throughmovement RLR Violation Rates

Figure 51shows the througmovement RLR violation rates ftiie morning pak hours.
As seen in the figure, the treatment sites recorded a significant reduction in RLR violation rates
one month after the installation of the confirmation lights but saw a higher increase than the
before rate three months aftertadfation. It wasobservedhat as drivers traveling through the
intersectiorbecame familiawith the confirmation lights, knowing that they wémstalledto
monitor violations foteft turnonly movementsthe drivers revertetb their former driving
behavior as time progressed. This explains why the higbexase in violation rates three
monthsafter installatiorthan the one month after pericates The spillover and the cawl sites
showed the same tremdthe violation rates during the studgrjipds. The violation rasaat the

spillover and control siteacreasd steady with the studyperiods.
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Figure 51.Through-movement RLR violation rates per study intersection for befafeer study
(Morning).

The evening peakour RLR violation ratefor throughmovement is shown iRigure 52
As shown the treatment sites savsnilar trend in violatiomrates as previously observad the
morning The one ranth after studyt the treatment sitemaw a greatlecrease in violan rates
but increasedubstantiallyduring the three months after stuéhowever, his increase was
below the before violation rate. The spillover sites saw decrease in violation rate during the one
month afte study but the rates increasdaring the tihee months after study period. This
increase was higher théime before violation ratél'he control sites showed similar trend in

violation ratesas was previously seen in the morning.
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Figure 52. Through-movement RLRriolation rates pe study intersection for beforafter study
(Evening).

5.1.3.3Rightturn Violation Rates

Results of te RLR violation rates for righturning movements during the morning peak
hoursare shown irFigure 53 As shown, the treatment and control sites saw considerable
reductions in violation rates from the before period to the one monthrestaliation period.
Overall, three months after installation of the confirmation litpots treatment andontrol sies
saw hcreases in violation rateget they werestill below the beforeates. Violation rate at the
spillover sites one month after installationcreased marginally than the bef@eriodbut the

rates decreased substantiallyring the three monthstef study.
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Figure 53. Right-turn RLR violation rate pe study intersection for befor@after study (Morning).

Figure 54shows the righturn violation rates for the evening peak hours. The treatment
and spillover sites saw inciEss in violation rates one month after the confirmation lights were
installed. However, during the three months after studyspghi®ver sites saw argat decrease
in violation ratewhile thetreatment sites saagreatincrease in violation ratét the control
sites, the one month after study saw bkigleduction in violation rate than the three month after

study.

At both treatment site# wasobserved thatright-turning moementshad geometric
constrains that influenced a drivérs d e c i @ red light Sight disaace was a problem for
traffic wanting to makearight-turn on red to join théhrough trafficstream Most of the
violators were looking laterally at the through traffic stream on the cross street for gaps to join
the through traffi after making a righturn. In doing spmost drivers ignored the right turn
signals and ran the red lights. The mechanics involved in makingtuigithg movements at

signalized intersections is complicated. Most drivers would slow down, but not stoplled
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through the intersection thinking that it was safe to do so. This explains why the research team
did not observe any trend in the RLR violation rasgecially at the treatment sit&nce the
results of the righturn RLR violations did not mak sensgno statistical analysis were

performed on the results.

45
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Site Category

Figure 54. Right turn RLR violation rate pestudy intersection for beforafter study (Evening).

5.2. Violation by Time of the Day

5.2.1 Background

As previously dscussed iditeratureat Chapter 3the frequency of RLRs significantly
influenced bythetime of the dayStudies have shown that a majority of red light running occurs
during the normalvork hours (Kamyab et al., 200Retting et al., 1998). Research has shown
thatduring the morning and evening peak hodrsvers tend to run red Iigs due to being late to
work andalsobeing stuck irtraffic for long hours (Portest al., 2000). As part of thgtudy,

investigationof the distibution of the RLRviolations by time of the dayas carried outo
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determine if the fidingsof this studywere consistent with previous studi&se results of the
distribution of the violationby time of the day (15 minutes intervabe pesented in the

following section.

5.2.2Results

5.2.21 Morning Peak RLFiolation

Figure 55llustrates the distribution of RLR violation rateg b5 minute time interval
from 7 a.m. to 9 a.mfor left-turn and througtmovementombined The oveall trend shown
this in figure wa consistent with the expectation that most RLR occurs during day time hours
when majority of drivers commute to vko The highest frequency of the RLR violation rates for
each study periodccurred between 7:30 a.m. and 8 awich accounted for approximately 30

percent of the total observed RLR violations in the morning peak hours
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Figure 55. Distribution of RLR violation by time of the day during the morning peak
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5.2.32 Evening Peak RLRiolation

The frequency of the distribution of RLR violatiofer the evening peak hours is shown
in Figure 56for the left turn and through movements combirfsishown, the violation rates
were prevalent between 5:00 p.m. and 5:30 fomall the study periods. RLR violation rates at
this time perid accounted for approximated percent of the tal observed violations for each

study period

RLR Violation per 10,0000 vehicles

4:00 - 4:15 4:16 - 4:30 4:30 - 4:45 4:46 - 5:00 5:01 - 5:15 5:16 - 5:30 5:31 -5:45 5:46 -6:00

Time of Day (4 p.m. to 6 p.m.)
Figure 56. Distribution of RLR violation by time of the day during the evening peak

5.3. Time into Red Analysis

5.3.1 Background

An important aspect to a vehialenning a red light is how lonigto the reccycledid the
violation occur. Violations found within thedl-red time (generally one to two seconds) are most
likely due to a driver caught in the intersection dilemma zone or at the end of a platoon and

intentionally run the red light. The dilemma zone of an intersection is an area prior to the stop
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bar wherehe driver is unsure either to stap proceed through the intersection during the yellow

phase.

However, drivers that enter the intersection past theedlphase create a more
dangerous situation, particularly if the conflicting movement has a greénHiglhmark et al
(2012) stated that drivers that run a red light late into the red phase are more likely unintentional
and involve a distraction, impairment, or fatigue. Hallmark et al. (2012) also fouenl w
evaluating RLRcameras in Cedar Rapids, |Aattover 20 of violations occurred from zero to
less than onsecond into the red phase, while over 60 violations occurred 25 seconds into the red
phase during a priecket evaluation period of seven intersection approaches. Another research
study has foud that95 percent of RLRviolations occur in the first twminutes otthe red phase

(Beeber, 2011).

As explained in detail in the prious chapter, this studgvestigated the effectiveness of
the confirmation light system by determininghe change ifRLR violations were statistically
significant before and after the confirmation light installation. Effectiveness of the confirmation
light system was also extended into investigating the change of the time into red for violations

captured by the video tia

5.3.2 Methodology

The time into red was evaluated similar to the previous chapter where the treatment
intersections were compared to the spillover and control intersections for three study periods
(before, one month after installation, and three moaties installation). Additionally, two
intersection movementsene investigated including leftrning (lights were for this movement
at the treatment intersections) and the through movement. The averagedined for each
movement waslso determinedt each treatent, spillover and control site.
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Time into red was plotted where thexis was the number of violations and thaxys

was time into red (in seconds). Violations were aggregated inaesyor seconds with a

maximum time plotted of great than five econds. It should be noted stated in the previous

sectionthat the number of violations in each study period changed, so the total number of

violations plotted in the following figures is not a consistent number for each study period.

5.33 Results

5.3.3.1 Leftturning Movement

Figures 57, 58, and Sthow the results of the RLiRne into red for the lefturning

movement for all of thentersections studied. Figure SAows the lefturning movement time

into red for he two treatment inteections.
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Figure 57. Left-turning movement time into red at treatment intersections
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Figure 58. Left-turning movement time into red at spillover intersections
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Figure 59. Left-turning movement time into red at control intersections
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As shown in Figure 57most of the violations occurred less than one second after the
onset of the red light. The total number of violations happening was reduced after the
confirmation lightswere installed between permdt was found that neiolations occurred after
four seconds during the three study periods indicatiagrtiost of the RLRvas occurring closer

to the allred phase, decreasing the chances of & evéhk a conflicting movemnt.

Figure 58shows the lefturning movement time into red at the spillover intersections
adjacent to the two treatment intersections. As shown, the overall number of violations was less
than the two treatment intersections and no violations occurtbe giter periods between four
and five seconds. Hower, the spillover sites savehicles running a red light more than five
seconds into the red before and after the confirmation lights were installed. This does pose a
safety concern as these drivergeventering the intersection while the cortihg traffic had a

green light.

Figure 59shows the lefturning movement time into red at the control intersections.
Similar to the previous two figuse most of the RLRiolations occurred less than one seton
after the red light shown. However, similar to the spillover intersectiowssifound that RLR
violations were occurring after five seconds into the red light before and after the confirmation
lights were installed at the treatment intersections. dlsis poses a safety concern at these
intersections as drivers were running the red light during the start of the green phase for

conflicting traffic movemets.

91



5.3.3.2 Through Movement
Figures 60, 61, and Ghow the results of titeme into red for thehrough movement
violations at all of thentersections studied. Figure 6Qows the througmo ve ment vi ol at i

time into red for lhe two treatment intersections.
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Figure 60. Throughrmovement time into red at treatmeintersections
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Figure 61. Throughrmovement time into red at spillover intersections
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Figure 62. Through-movement time into red at control intersections
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As shown in Figure §0most of the througinovemenmviolations occurred under a
second into the red at the treatment intersections. Other violations were found to occur between
one and three seconds into the red. The research team did find violations occurring after five
seconds into the red 3 months aftestallation, meaning there were some unintentional

violations during that period.

Figure 61shows the ttoughhmovement RLRviolations at the spillover intersections.
Similar to the treament intersectionsnost of the througimovement violations occumaunder
one second into the red, and no violations were found after three seconds into the red indicating

that he violations were intentional.

Similar to the treatmerand spillover intersectionghe controintersections saw many
throughhmovement violabns occurring less than one second into the red phdsmiing that
RLR violations were intentiaa. Violations between one and three seconds into theeeel
observedt the control siteghich was also common at tbéher two site categories.oN
violations occurred after 5 seconds into the red at the control intersestiiomg any of the

studyperiodsas shown in Figure 62

5.4. Violation Configurations and Vehicle Types

5.4.1 Background

How do RLR violations occur? Are the violations committecablyiver of a single
vehicle ormultiple vehicles traveling ia platoon or sidby side and violating the red aspect of
the traffic signatogetherAs previously reviewed frortheliterature little or no studies have
been conducted to address these guestThis studynvestigate howthe RLR violations

which were recorded during the befater study periodsccured Retting et al. (1996)
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reported in their study that most red light runners were more likely to be drivers driving small
carsOneof the focuses of this studyas toinvestigatethe types of vehicledriven by the red

light runners

5.4.2 Methodology

During the field video data reductions, students were also given guidelines to group the
violations by the configuratiotypes showrn Figure 43.The violation configurationsvere
coded0 to 9andwere explaned to each student using TableakAvell Additionally, students
werethenasked to recarthe type of vehiclevolved in theRLR violation. The types of

vehicles included passger cars, buses, trucks and recreational vehicles.

5.4.3 Results

5.4.3.1 Violation Configurations

Table 18showsthe number of violations (in percentage) for eatlhe ten configuration
types duringhe study periosl Morning and evening peak howplations for all the 13 study
intersectionsvere combinedFor each configuration typ#he percentage of RLR violatiomsere
thencalculated by dividing the number of violations that occurred in that configuratiotyype
the total number of violation®r that study period and multiplying the redoyt100. For
example, if 82 violations were recorded for the violation type coded 1 during the before study,
and the total number of violations observed was 420, then the percentageiofations that
ocaurred forconfiguration type 1 was expressed8&/420)*10Q yielding 20 percenRLR
violation by configuration type was not considet®dsite categoryAll the violations for the
treatment, spillover and control sites were combined for thedyedaemonth after (1 mo) and

three months after (3 mo) study periods, respectively.
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Table 18. Violation Configuration

Violation Violations in percentage Violation Violations in percentage
Configuration | Before 1 mo 3 mo Configuration | Before 1 mo 3 mo
I |
1 P
i 1 20% 22% 18% 6 ; |:| 5% 3% 6%
O 10
I | !
|t 9
2 14% 16% 29% 1 i 7 2% 0% 0%
|
| O 00,
I o
g 4l
3 58% 58% 43% 8 | 0% 0% 1%
| 0 '0:0
| ! !
i 1M
0 L4 1% 1% 0% D}Di 9 0% 0% 1%
1 ! 1
| b
i I
: 0% 0% 2% 0 | ! 0% 0% 0%
| 0 0.0

From Table18, it was found thaa single vehicle making a righirn (coded 3)showed
the highest percentage of RLRolations across all the study periods. This violation type

accounted for 40 to 60 percent of all the violations observed during the three study period
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(before, one month after installation, ancehmonths aftanstallation).Ilt wasobservedhat at
locéions where righturns on red wes permittedthe majority ofthe driversrolled through the

intersectios without initially coming to a complete stop.

A single vehicle making a lefurn (coded 1showed the second highesrcentage of
RLR violationsduring the before and one month after study periods, followed by le slgcle
traversing through thiatersection(coded 2) However, during the threaaonths after study, the
throughhmovement violation by a single vehicle shoveekigher percentage RLR violation

than a single vaeble making a lefturn.

As shown inTable18, violation configuration types 45, 7, 8 and 9 sawless than
three pecent of the total violationsbserved for each befesdter study periodThis small
percentage showeHat drivers followingoo clcsely to each other in@atoon or taveling side
by side seldonnan the red lightsogether However, theviolation configuration type a platoon
of vehicles making a right turgawthree to six percent aie toal obseved violations during

the beforeafterstudy period. No violations were recorded for violation configuration type 0.

5.4.3.2 Violation by Vehicle Type

The percentagf RLR violations categorized by type of vehicle drivey the violators
areshown in Table 190ver 98 percent of the RLR violations were committed by drivers of
passenger caduring all the study periodshis finding s consistent with a previous stuldly
Retting et al. (1996)Wwhere they reportedhat drivers who run red ligk wae more likely to be
driving small vehicles. Fromiable 19it is shown thatrucks and buses accounted for less than
two percent ofhe entire vehicles that weirevolved in RLR.There was no instance of a

recreational vehicle runningred lightduring each study period
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Table 19. RLR Violation by Vehicle Type

. RLR Violations
Vehicle Type Before 1 mo 3 mo
Passenger Car 99.3% 98.4% 99.7%
Truck 0.5% 1.6% 0.3%
Bus 0.2% 0.0% 0.0%
Recreational Vehicle 0.0% 0.0% 0.0%
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CHAPTER 6: STATISTICAL ANALYSIS OF RLR VIOLATION S
6.1 Comparison of RLR Violation Rates after Installation of Confirmation Lights.

Studies that have assessed the effectiveness of a roadway safety device rely on a
beforeafter crash analysi§hese studies involve at least three years of before data and three
years of after data (Nicholson, 1985). However, many communities want to know the
effectiveness of a device or treatment shortly after installation to determine if the investment in
the deice was a good decision. Many times, in place of a beffiez crash analysis, researchers

will use a safety surrogate measure in its place.

Researchers have previbussed the reduction in RLRolations as a crash surrogate for
a reduction in RLRerashes. This relationship is not direct duthfact that RLRviolations
occur mordrequent tharRLR crashes since they are rare and random events. Research has also
shown that red light runners tend to have common traits such as age, drivingneegapeed
convictions, and vehicle type (Retting and Williams, 1996). However, a reduction in violations

means there is a reduction in exposure, or a reductioe ichgnces of a RLBrash to occur.

Additionally, besides considag a change in RLRiolations before andne montrafter
the confimation lights were installed,@ange in violations three months after installati@s
investigatedUnlike previous research studies, it is unknown if the confirmation lights (or really
anysafety countermeasey becomdess effective over time as drivers become accustom to the
treatment and associated enforcement. However, changes in driver behavior or changes in

enforcement using the confirmation lights may be more effective over time.

6.2 Methodology
TheRLR violation rate was the metric used to compare changes during the before, 1
month after, and 3 months after installation of the confirmation lights. Violation rate was used
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instead of the number of violations to account for varying intersection esl@expsure). RLR

rate was expressed in 10,000 entering vehiclefiasn previously in Equation 1.

Once a violation rate was determined for each data collection perioangecim the

violation rates wadetermined using Equation 4.

_ Zo Ly
Flr-Pm =, P Eq. 4

Where:* = violation rate for before period
“ = violation rate for after period

To compare the calculated rates for the before, 1 month, and 3 months after installation of
the confirmation lightsa test of proportiongas usedo determine if the changes in rate were
statistically significantThe Z statistidest was chosen because itsvilae appropriate method to
determine thelifferences betweenthetwo sample proportiondefore and aftedatg which
approximately followed aormaldistribution.Equation 5 was used to perform this step of the

analysis.

Z E Eq +D

Where: Z = ztest statistic
“ = violation rate for before period

n, = volume for before period
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= violation rate fo after period
n; = volume for after period

The calculatedz est statistic was compared to a
significance at the 95 percent level of confidence. If the Z was greater than 1.96, the resulting
decreasen violation rdae was statistically significant. Similarly, if the Z was less tHafi6 the

resultingincreasein violation rate was statistically significant.

6.3 Results of RLRViolations

The results of the violation study for all intersections are presented setttion. As
stated previously, the blue confirmation lights were installéd@intersections for the
left-turning movement. A total of six approaches were treated, four at the intersectioffs of 23

Street and lowa Street and two at the intersecti@806treet and Louisiana Street.

Since the intersection of ?Street and lowa Street had two approaches that were not
treated with the blue confiration light, it wagletermined that these two approaches would be
considered as i nantl would aetas imndediatepspilloverasitel. Additionally,
six spillover and five control intersections waneestigated. Tie changsin violations for
left-turning movemenand throughmovemenivere evaluatedeparately and the results are

presented inhe following sections.

6.3.1 Analysis of Lefturning Movement Red Light Running Violations

Table 20shows the restd of the analysis for the leftirning movements only. Morning
and evening peak hours were combined. The table showstéhgection, RLRviolations
recorded, number of vatles counted, RLRates per 10,000 vehicles, and percent change in

violation rates between periods. For the percent change in violation rates, a period represents an
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infinite change. Adtal change in RLRates is the aarage rate for the treatment site, treatment

site with no confirmation lights, spillover sites, and control sites.
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Overall, the blue confirmation lights showed promising results at the treatment
intersections/approaches for leftriurg movements. Two of the lefirn treated approaches saw
an increase in violations while four approaches saw a decrease in violdfiosis the total
change in lefturning violatiors at all treated approaches wampared, the numbef
left-turning violations decreased, and it was statistically significant atsipei@ent level of

confidence.

The results indicatethat the two lefturning intersection approaches that experienced an
increase at both treatmentansections were westbound. Based on heavy commuter traffic both
easboundand westbound at both intersections, it can be speculated that commuter traffic during
the peak hours may have influenckd increase in RLRiolations for this movement. Overall,
the decreasin left-turn RLRviolation rates were substantial with east and northbound
approaches having a greateanii10 percent reduction in lefirning RLRviolations with

eastbound approaches having a 18@ent reduction in violations.

Thenorthbaind nontreated mtersection approadt the intersection of #3Street and
LouisianaStreet saw a minor decregdemonth afterpnda majorincreasg3 months afterjn
left-turning RLRviolations It should be noted thaubstantial increase the vidation rates did
not represent a significant safety issue due to small numbers of violations observed for that

approach

The spillover intersectionf®und an overall reductioin left-turn RLRviolations at the
spillover intersections. Similar to the ntneated intersection approaches, many of the spillover
intersectims saw minimal RLRviolations. However, based on an overall analysis, it can be
speculated that driver behavior may have chdriyee to the confirmation lights being present at

the treatment intersections located nearby. It should be noted that a substantial reduction i
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left-turning RLRviolations occurred at the spillover intersection of Sreet and lowa Street,

and that tk blue lights can clearly be seen by the drivers at this intersection.

Analysis of the data showedslight decrease left-turn RLRviolations at thecontrol
intersections located far away from the treatment and spillover intersections. As shown, the
intersection of Clinton Parkway and Kasold Drive saw a large nuniibeft-durning RLR
violations throughout the study, indiaagi that although this was a positive effecthia
reduction ofRLR violations, there are some major intersections in Lawrent@thaaeeing an

increase.

6.3.2 Analyss of Throughmovement RLRViolations

Table 21shows the results of the analysis for the through movementsTdr@yrorning
and eveningeak hours were combinedafle21 shows: thentersection, RLRviolations
recorded, number of vatles counted, RLRates per 10,000 vehicles, and percent change in
violation rates between periods. For the percent change in violation rates, a period represents an
infinite change. Adtal change in RLRates is the arage rate for the treatment site, treatment

site with no confirmation lights, dfover sites, and control sites
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As shown in Tabl@1, the treatment intersections saw a decreaBRtRiviolationone
month afteiinstallation of the confirmation lighté\n increase in violation rate was observed at
239 Street and Louisiana Street amdecrease in violatiomte at 28 Street and lowa Street
during the threenontls afterstudy.An overall reduction in througmovenent RLRviolations
of 84.1 percent was found in the one month after study and a 32&itgecrease in
throughmovemenRLR violations for the three months after study periods speculatedhat
the throughmovement traffic noticed the blue lights immediately after installation and then got
accustomed to the treatment. The decreag@onghmovement RLRviolations for the
intersection of 2% Street and lowa Street as welltae overall decrease in througtovement
red light running violations for one mondifiter studywas statistically significant at the 95

percent level of confidere.

The spillover intersections followed a similar trend as the treatment intersections in that
the trough-rmovement RLRviolations decreased one month after the blue confirmation light
installation and then saw an increase notighmovement RLRviolations for the three month
study. It should be noted that the decrease was smaller than the treatment intersections and the
increase was larger (and statistically significant at the 95 percent level of confidence) as

compared to the treatment intersections.

Consideringthe control intersections, it was found thabtlghmovement RLR
violations increased in both study periods, with the overall three month percentage being
statistically significant at the 95 percent levetonfidence. In generahe blue corifmation
lights hada positive impact orthe RLR violations fothe throughmovement traffic at the
treatmat and spillover intersections even thoughliblets wee installed for the lefturning

movemens only.
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6.4 BeforeAfter Effect on Violation Time into Red

A secondary performaeanatrix that wasised in evaluating the confirmation lights was
violationtime into red, which was defined as the time elapsed prior to a violation occurring.
Studies have shown that RLR violations occurnmgyye thartwo seconds after the red signal
indication are more dangerocsmpared to violationsccurring less than a secoatfter the al
red phase (Fitzsimmons et &007; Lum and Wong, 2003puring anall-red phaseyehicles
that enter the interseoh less thamm second aftahe red indicatiomormallyclearthe
intersection before@ehicles currently stopped ahe cross street get the green lighstart In

such instances, drivers of vehicles in the cross street are not expos&eht@pconflicts that
could result ircrashes However, divers who enter the intersectidate may putthemselves and
otherroad users at risk. An analysis db@foreafter effect on RLR wlation time into redvas
conducted to determinghether confimation lights have the potential to change driver behavior

when a violation occued The null and alternateypotheses were stategspectivelyas:

H, : Confirmation lights have no effect on the frequency of RLR violation time into red

Ha: Confirmation lghts have effect on the frequency of RLR violation time into red

6.5Methodology

After the video data wereduced, RLR violations for lefurn and througimovenent were
combined and categorizéuto two groups Group 1 consisted of all tHeLR violationswhich
occurredwithin two secong after the onset of the red sigraeld group 2 consisted of the
violations which occurrechore thartwo seconds after ¢hred indicationTwo seconds was
chosen because in the City of Lawrereeninimum of 1.5 secondsused forthe allred

interval This meanshatany RLR violation after 1.5 seconds into reas a hgh probability of
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resulting ina RLRcrash Due to the small sample size of the RLR violation time into2g#,
contingency tabkewere used for analyzirtpe data foeach site category (treatment, spillover,
and controkiteg. Table 22 shows an example of th& Zontingency table with the frequency of
RLR violations which occurred less than two seconds and after two sedaonidg the before

and one moth after study periods at the treatment sites.

Table 22. Contingency Table for RLR Violation Frequency at the Treatment Sites

Study period Number of Violations Total
2 seconds > 2 seconds

Before 54 2 56

1 month after 17 2 19

Total 71 4 75

After developinghe 2x2 contingency tables for each study s&#€hi Square Test of
Independence/as chosemas the statistical method to determine if there sziselationship
between the two nominal varias: violation times after reddication, and beforafter
violation period The Chi Square statistigas chosen becaugenas the appropriate metham
comparecounts of categorical responses betwiberiwo independent groupgbefore and after
study periods This analysis was completed with the understanding that confirmatios gy
have an effect othe frequency of dangerous RLR violations at signalized interseclibas.

formula for the ChBquare Tst of Independence is shown iguation 6.

F FF Eq. 6

Where... = calculated ChSquare value
E = expected frequency of RLR violation

O = observed frequency of RLR violation
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In order to findthe ChiSquarevalue, the expected frequenioy each column androw j in

Table 22wascalculated using @uation 7

Eq. 7

d | = ]
1 £ 1 |
e

WhereO = the expected frequency for the cell in theow and the'f column,
"Y= the total number of subjects in terow
"Y= thetotal number of subjects in th& golumn
0 = the total number of subjects in the table.

Table 23shows the expected fregpcies for the cells in Table 22

Table 23. Expected Frequencies

. Number of Violations
Study Period 2 seconds > 2 seconds Total
Before 53.01 2.99 56.00
1 month after 17.99 1.01 19.00
Total 71.00 4.00 75.00

The Chi Sjuare value wacomputed as follows:

. E F LBIPp LT CB W ¢ p WP X P8P ¢
F UﬁTp C&)w pﬁ')(‘) p8tp

6.6. Results

6.6.1 ChiSquare Test for Before and 1 Mnth After Study
Table 24shows theChi Square Est result fothe before and one mttmafter study period#\s

shown, thenumbers of RLR violations which occurredthin two seconds after the red
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indication weréhigher than th@umber ofviolationswhich occurred more than two seconds
after theredindicationat all thestudy sites. It can be seawnrin Table24 that mostof the before
violations reduced substaally one month after installatiasf the confirmation lights. The

Chi Square statistical analysshowed pvalues greater than@b indicating that there were no
statisticalsignificant changes in the befeadter violation time into red at all the stusliyes. This
means that the confirmatidights one monthshortlyafter installation did not have any
significant effect on drivetbehavior ofentering the intersections eadr lateafter the red

signal was indicated.

Table 24. Chi Square Test for Before and 1 Month after Study

Site . Number of Violations Chi-square
Study Period : : P-value
Category 2 seconds into red| >2 seconds into red Value
Before 54 2
Treatment 1 month after 17 > 1.36 0.24
Spillover Before 52 ! 0.04 0.84
P 1 month after 26 4 ' '
Before 31 6
Control 2.48 0.12
1 month after 37 2

6.6.2 ChiSquare st for Before and 3onths After Study

Table 26shows the results of the CBguare €stand their associatedyalues for the before

and three monthdftar violation time into red ahe treatment, spillover and the control sites. As
previousy discussedmore RLR violations occurrealithin two seconds after the red indication
than the numbmeof violationswhich occuredmore than two seconds after the red indicatiin.
all the study intersections, the statisticaldssiowed pvalues greater than 0.05his indicated
thatthe confirmation lights did not have aaifect on the frequency &LR violation time into

red at the 95 percent level of confidenCensidemg the City of Lawrencehe control sites did

not seeany difference in the violation time into red before and after the confirmation lights were
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installed.Overall, here wasio change in theiolationtime into red after the installation of this
countermeasure indicating that this countermeasure cannot change driver behavior when the

violations occur

Table 25. Chi Square Test for Before and 3 Months After Study

CatS;;eOfy Study Period 2 secon’(\JI“sJ ri?:j rr;); Vizlitcia?:r:)ilds into red Ch\i/‘;ﬂ;éafe P-value
Bef 54 2
Treatment] 3?n(z)rr?th after 39 5 3.26 0.07
Bef 52 7
Spillover 3?n(z)rr?th o o . 2.12 0.15
Bef 31 6
Control BTncc))rr?th after 29 2 1.66 0.20

111



CHAPTER 7: CONCLUSIONS AND RECOMMENDATIONS

RLR continees to be aafety concern for many communities in the United Stdtes
consequences of RLR violations each year results in Bdadif fatalities andevere injury
crashesMany commuities have turned tautomated red light camer@sgh-cost
countermeasurayhich studies have shown to be an effective system in reducing RLR vislatio
and related crashedowever, automated red light cameras are sonastinot practicafeasible
or legal insome communitieConfirmation light systernalow-cost engineering
countermeasurdgoth selfenforcing and aiding law enforcemeng)another alternativeo

automated red light camerasmitigating RLR violationsand associated crashes.

Thisresearch study evaluatbtlie confirmation lightst two signalized intersections in
the City of Lawrence, Kansaghe two treatment sitegereidentified byworking directly with
the City of Lawrence Traffic Engineeringepartment, and the Lawrence Police Bément. In
addition tothetwo treatmenintersectionsspillover intersections next to the treatment
intersectionsvere selectetb determine if the confirmatiomghtshave any on RLR violations at
nearbyintersectons Also, control intersections were idergidi within the City of Lawrenckut
were locatedar from the treatment intersectionstbe corridor under investigation.

Typical countermeasure effectiveness studmsllyrely on three to six years of begor
and after crash dat8ince crash data were limited to this study, a bedfter violation study
was used as a surrogate measure to evaluate the effectigetiesble confirmation lights.
This study was completed with the understanding that a decogan increase in RLR
violations would be equated to a possible decrease or increase RLR crashes based on traffic

exposure.
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Prior toinstallation of the confirmation lighta July 2013, field videalata were
collected at the study sitesd considereds the before study period. One month after and three
months after installation of the confirmation lights, RLR violation data were collected at the
study sites to determirthe shortterm and longerm effectiveness of the light&.test of
proportion wasised to analyze the changes in violation rates from the before period to each after
period.Moreover aChi SquareTestof Independenceas also utilizedo analyze the RLR
violation times into red agsecondary performance matrix to evaluate whethefirogation

lights had any effects on driver behavior

7.1 Summary of Findings

7.1.1 General Conclusions

Right-turn violation by a single vehickgas the most common type RLR violation in
the City of Lawrence. This violation tym®ntributed to approximaly halfof the RLR
violationsobserved duringachstudy periodThe before andne monttafter study periods
showed leftturn RLR violationby a single vehiclesathe second most observed violation type
followed by a throughmovement violation by a singlvehicle. However, thiaree months after
study saw morgéhroughhmovement violation by single vehiclehan leftturn violation by a

single vehicle.

Multiple vehicles running red lightsther in a platoon draveling side by siden theleft
and throud lanesaccounted for less than two percent oftthtel observed violatiosifor each
study periodThe percentage ofght-turn violatiors by multiple vehicles in platooranged from

three tosix percent.
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During each study period, more th@® percent of the RLR violationgere committed
by drivers ofpassenger cars. Buses, trucks and recreational velwetetessinvolved in the

observed RLR violationsatcounted foabout two percent of the total entering vehicles)

The frequency of thRLR violations was highest in the morning between 7:30 a.m. and 8

a.m. and in the evening between 5 p.m. and 5:30 p.m. for each study period.

7.1.2Left-turn and Through-movement®RLR Violations

In general, the onmonthafter violation study saw a 3¥pecent reduction in the
left-turn RLR violation rates at the treatment sites and a 55.7 percent reduction at the spillover
sites. Both of these reductions were statistically significant atipe&ent level of confidence.
At the treatment sitedhé violation study three monthefter the installation of the confirmation
lights saw a 42.7 percent decreasRtR violation rateswhich was atistically significantand
a 31.7 percent decrea@g®t statistically significantat spillover ges Consideringhe control
sites, there was minimakduction in leftturn RLR violationswhich indicate that confirmation
lights had a positive effective neducing RLR violation in t& short and long term periodibese
findings are consistent or similar with thedgueported by Reddy et al. (@8), where they saw

a 25 percent reduction in violations after the implementation of confirmation lights.

Thepresencef the confirmatiorlights (installed on lefturning approaches at the
treatment sited)ad a positivémpact on througimovement traffiat treatment and spillover
sitesin the short ternperiod One month after installation of the confirmation lights, the
treatment sites saw 84.1 percent ovardluction in violations which was statistically
significant However, he three month after study did not see sigpificant change. The
spillover sites saw 14.4 percent overall redudigmot statistically significant) in violations
during the one month after study Isatwan overall increas@8.8 percentin violation rates
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during the three months after study which w&istically significantAt the control siteghe
violation rates increasaluringbothone month aftestudy (notstatisticallysignificant)and

three months aftestudy Gtatisticallysignificant) periods Although the treatment intersections

did not have confirmation lights installed for the through movement, the lights were effective in

the short term for reduainRLR violations.

7.1.3 Leftturn and Through-movement RLR Violatios Time intoRed

Results of the analysaf the RLR violation time into red showed that mastations
occurred less than one secoffigiathe onset of the red phasfethe signal This indicated that
the violations werenost likelyintentional RLR violations moré¢han five seconds after the
indicationof the red signal indicatiowere also observed at the study intersectibhsse
violations were all early departures, thus, violators initially stopped on red but ran the red light

upon waitingfor more than five ssnds after the red signal was indicated

The ChiSquare €st showed netatisticalsignificanteffect (at 95 percent level of
confidencepn RLR violation time intaed one month after and three months after installation of
the corfirmation lights. Nosignificantrelation was found between RLR violation time into red
and the treatment (blue confirmation lightBhis means that this countermeisis less effective

in changingdriver behaviorwhen a violation occurs

Overall, the findingof this study Bowed that confirmation lights when used in
combination with normal enforcement can have a positive impact in reducing RLR violations

and related crashas signalized intersections
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7.2 Contributions to Highway Safety

This researe study has showthat confirmation lights when used in combination with

targetenforcement effortsan providdhe intersection safety, efficieneynd cost benefits the

following ways

T

T

Confirmation lights reduce RLR violations which may result in serious crashes. Thereby
pronoting safety at signalized intersections.

Confirmation lights are loveost (cost rangbetween $110 and $140) alternative to
automated enforcement. They are also easy to install and maintain.

Confirmation lights camotentiallyreplace a police officgtocated upstream of an
intersection observing RLR violationdhis will maximize the efficient use of police
enforcement resources.

Confirmation lights have no privacy issues of controversial automated photography.

7.3 Future Research

This study evaluatetthe effectiveness of confirmation lights at signalized intersections in

Lawrence, Kanas after one and three mond#fterinstallation. It isrecommendethat

T

T

Crash data analysshouldbe conducted to evaluate the effectiveness of confirmation
lights inreducing RLR crashes if crash data become available.

Additional violation study one year or more after the installatibauldbe conductedb
determine if confirmation lights have long lasting impactseatucingRLR violations in
orderto avoid any seasal changes that may be peasin this current research. This

study may also be conducted to includepfk hours if possible.
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APPENDIX A

Characteristics and Aerial Views of Intersections
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