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INTRODUCTION 

Over 37,000 fatal motor vehicle collisions occurred in 2007(1), resulting in over 41,000 deaths.  In Louisiana, 893 fatal motor vehicle collisions were recorded in 2007, with 985 people killed.  In 2006, the last year of data available from the Department of Transportation – United States Highway Systems(2), 900 fatalities and 144,000 injuries occurred due to red light running (RLR).  While accounting for less than five percent of all fatalities, RLR is a preventable cause of motor vehicle collisions. 

Police enforcement aimed at reducing RLR is prohibitive due to multiple reasons: manpower requirements, danger to officers, and visible police presence during attempts to cite RLR.  All drivers are familiar with the good driving phenomenon that occurs with visible traffic enforcement officers or marked police cars.


(3, 4) ADDIN EN.CITE  Drivers obey speed limits, use turn signals, and stop for red lights.  Traditional police enforcement requires an officer to observe red light violations, then chase the car, stop the driver, and issue a citation.(5)  At busy urban intersections this exposes not only the police officer but the public to increased risk.  As reported by Martinez and Porter(6), being ticketed by typical enforcement methods is inconsistent, and has no long term effect on driver behavior. Since most errant drivers are rarely fined for their behavior; this lack of traffic enforcement actually provides a positive reinforcement for bad behavior. Consistent and reliable feedback is required for long term behavior modification.(7)

Increasingly, the use of unmanned cameras and radar stations are employed in urban areas for traffic enforcement.(8)  Since their first use in the US in 1993, red light cameras (RLC) have been used to reduce the most common reasons for lack of traffic enforcement in RLR.  They provide a continuous presence without manpower limitations, consistent violation detection, and allow for uninterrupted flow of traffic.  Intersections targeted for the use of these RLC often have a high collision or accident rate. Our study site was named the ninth most dangerous intersection in the United States in an independent study undertaken by State Farm.(9)  Despite being in a suburban moderate speed zone (45mph) and being controlled in all directions by traffic signals, this intersection has a high number of crashes.  These accidents are often attributed to drivers entering the intersection after the red light signal. 

The sustained impact on driver behavior using RLC enforcement at a proven dangerous intersection has not being previously analyzed.  The primary objective of this study was to evaluate the sustained effect of RLC on driver behavior. The secondary objective was to evaluate the number of collisions before and after RLC implementation.
METHODS

This was an observational study of RLC use at one intersection in Jefferson Parish, Louisiana, a suburb of New Orleans.  The duration of the study was from September 23, 2007 to June 30, 2008.  For our primary objective data collected included the number of warning letters, citations issued for violations, and violations which were rejected for inadequate evidence. RLC citations were obtained from Jefferson Parish Sheriff’s Office, Traffic Division.  For the secondary objective, traffic collisions were compared from the ten months prior to RLC citations (September 2007), and the following ten month period. Data for motor vehicle collisions was obtained from police dispatch records. IRB approval was granted by Tulane University Health Sciences Center. 

The intersection of Clearview Parkway and Veteran’s Memorial Boulevard (VMB) is a divided intersection; with three traffic lanes and two protected turn lanes on both approaches from VMB.  The southern approach from Clearview Parkway has two traffic lanes with protected turn lanes; the northern approach to Clearview Parkway has three lanes with two protected turn lanes.  The two monitored approaches are from eastbound and westbound VMB.  The cameras were monitored by Redflex, Traffic Systems Inc.(8), a national company with twenty years experience in camera monitoring. Digital SMARTCAM Red Camera Systems only trigger during the red light signal phase.  The Camera System records still images, video, and date for each suspected violation.  The date, time into red cycle, location, detected vehicle speed, and posted speed limit for each violation are recorded.(8)

Both video and still pictures were used to monitor the intersection. Vehicles entering the intersection after the red light signal were video recorded and photographed to clearly show the red light violation and the vehicle with its license plate. Figure 1  Potential violations were reviewed by both Redflex and Jefferson Parish Sheriff’s Office for accuracy as well as identification of the vehicle.  Potential citations were rejected due to any of the following: obstructed view of the violation, emergency vehicle, yielding to an emergency vehicle, incorrect license plate on vehicle, license plate unidentifiable, cannot identify state on license plate, paper license plate, or malfunction of camera.  RLC became operational on September 23, 2007, violators from the time the cameras became operational to October 23, 2007 were issued warning letters.  Signs  notifying drivers of RLC use were placed around the intersection prior to September 23, 2007. Figure 2  Warning signs include an image of a traffic signal and the words “Red Light Photo Enforced”, both of which have previously been shown to be well understood by drivers.(10)  Local media coverage, including several stories in print and television, notified drivers of location and use of RLC. Violations on or after October 24, 2007 resulted in citation and fines issued to the registered owner.  
Statistical Analysis

The mean number of citations was calculated by month, and statistical significance of trend was obtained from a linear regression model across the study period.  Students t-test was used to compare monthly mean citations between before and after RLC.  The rate of traffic collisions were compared using chi-squared ((2 ).  P-value <0.05 was considered significant. Statistical analyses were performed using SAS 9.1.3, Cary, NC.
RESULTS

Warning citations to inform and educate drivers were sent for violations which occurred during September 23 to October 23, 2007.  Warning citations for the four week period totaled 10,679.  Total potential violations recorded for the eight month study period were 21,565. 1779 violations were rejected over the study period, an 8.9% rejection rate.  The rejected citations were not included in final analysis. 

During the warning time period or pre-citation era (September 23 through October 22, 2007) 2,428 violations per week were recorded, whereas there were 534 citations per week issued after October 23, 2007 to June 2008.  This difference was statistically significant with a p-value of <0.001. The total number of citations issued was 19,786.  The mean number of citations issued for November 2007 was 1018 per week, whereas in June 2008 it was 356 per week (p<0. 01).  The steepest decline occurred over the initial four months of the study period.  The mean number of citations stabilized and maintained this decrease when compared to the first half of the study. Figure 3 The number of repeat offenders, those who received more than one warning letter or citation, totaled three.

The number of collisions was 122 in the ten months prior to October 2007. Ninety-seven collisions occurred in the ten months after initiation of RLC enforcement (p=0.18).  This is not a significant reduction in total collisions.
DICUSSION

As previously mentioned RLR is a preventable event which has been cited as a contributing factor in 13-22% of urban collisions.
 ADDIN EN.CITE 
(11, 12)
  Previous research found that predictors of RLR included male gender, driver age under 30, poorer driving records, as well as driving smaller and older cars.(13)  Running red lights has also been associated with other high risk driver behavior: speeding, not wearing a seatbelt and alcohol use while driving.
 ADDIN EN.CITE 
(5, 14)
  The reasons why drivers run red lights can often be multi-factorial.  Violations which occurred more than two seconds after signal change are often due to deliberate violation or inattentive drivers who fail to notice the upcoming signal or who have a delayed response to the red light.  Drivers who violated the red light <2 seconds after signal change are often in an indecisive reaction; they attempt to traverse the intersection with insufficient time. Drivers caught in the “grey zone of indecision”(15) must choose to aggressively brake in order to stop for the red light or speed up in an attempt to clear the intersection. This type of violation has been shown in previous studies to account for the overwhelming majority of citations.(13)

Drivers in the zone of indecision must weigh the odds of success, defined as crossing the intersection with as little delay as possible.  RLC enforcement increases driver perception of risk of being caught for the violation.(16)  By providing a consistent and negative feedback for failure to correctly judge their ability to cross the intersection prior to the red light, RLC enforcement modifies driver behavior.  Reduction in red light violations in US cities range from 40-78% after initiation of RLC enforcement.
 ADDIN EN.CITE 
(17-19)
  The results of our study are comparable with a 69% reduction in red light violations after onset of RLC enforcement.  This study is one of the few to look at the long-term trend in violations.  The decline in citations was sustained for an eight month period. A comparable study by Chen et al. (17) found that while violations declined initially by 70%, the change in driver behavior was not sustained at six months with only a 38% decline from baseline RLR. 

To put into context the magnitude of the problem and the reduction that followed RLC enforcement, during the thirty day warning period violations averaged 14.83 occurrences per hour compared to 2.12 occurrences per hour in the last month of data (p-value <0.01).  Driver behavior modification is especially evident when one examines the repeat offenders.   Out of 30441 distinct drivers who received either warning letters or citations, only three had repeat violations.  Two drivers had two separate violations each, both of which occurred less than two days apart during the pre-citation stage. The third driver had two violations which occurred hours apart during the pre-citation stage and a third violation five months later. 

The number of violations has been comparatively easy to document the effect of RLC on decreasing RLR.  When trying to document RLC effect on a reduction in traffic collisions, the analysis is not as simple.  Recognized difficulties in a study of whether RLC reduces collision rates include: selection bias, the intersections chosen for RLC already have a high collision rate(20); statistical analysis that overestimates due to failure to account for logistic regression to the mean, underestimates of effects in failure to account for effect on RLC on nearby intersections(21), difficulty in tracking collision severity, and intersections have been modified during the study period to include additional turn and merge lanes.  Studies on RLC enforcement observing collision data have found varying effects on collisions.  Retting et al found that total collisions were reduced by 7%(22).   Right angle collisions, those where there is a front to side impact between the two vehicles, were reduced by 29%, but the greatest reduction was in injuries associated with right angle collisions, 68%.  Council et al found a similar decrease in right angle collisions of 25%(23), but a 15% increase in rear-end collisions at RLC intersections.  This increase in rear-end collisions are thought to be related to changes in driver behavior at RLC intersections(24).   This study did not find a similar reduction in the total number of collisions.  This is perhaps due to the short study period of only ten months.  Additional explanations include the absence of subset-analysis of different types of collisions, side or front end collisions compared to rear-end collisions.  This study was designed to detect the difference in total collision episodes not the difference in types or injuries in collisions.

Other issues with RLC which are not addressed in this study include a “spill-over” or halo effect.(18) Halo effect has been defined as a reduction in RLR at non-camera intersections that are near RLC enforced intersections.  Engineering counter-measures have also been used to reduce RLR.  These include lengthening the yellow signal, dedicated turn signals and lanes, and reducing approach speeds to intersections.  The effect of lengthening the yellow light signal by one second to a maximum of 5.5 seconds has been shown to decrease RLR by 36%.(16)  Prior research examining long term effect of yellow light time found that reductions in RLR were sustained at least six months to one year; however some drivers adapt to the increase and continue to run red lights.(16)

Limitations of this study also include the inability to extract driver related factors in RLR such as fatigue or intoxication, and lack of sub-analysis of collision types.  Unlike previous studies, no significant modification to the intersection were made during the study period; such as lengthening the yellow light signal, adding additional turn lanes or merge lanes.  
CONCLUSION

RLC have been demonstrated to significantly decrease the rate of RLR.  RLC enforcement has been shown to have a lasting effect on driver behavior.   In this study, use of RLC does not appear to prevent traffic collisions at this intersection.  Further studies must be conducted to examine the types of collisions at RLC intersections over a longer time period to determine the optimal approach to reduce collisions.
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