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Statistics show that red-light-
running is a signifi cant safety 
problem throughout the United 
States and Texas.  About 20 
percent of all intersection crashes 
can be attributed directly to 
red-light-running.  These crashes 
are often quite severe because 
the colliding vehicles hit at right 
angles to one another.  A recent 
examination of nationwide fatal 
crash statistics found that Texas 
ranks fourth highest among the 
fi fty states in terms of the number 
of red-light-running-related 
deaths per capita.

Red-light-running 
countermeasures fall into two 
broad categories: enforcement 
countermeasures and engineering 
countermeasures.  Enforcement 
countermeasures require the 
use of a police offi cer or an 
automated image recorder to 
identify red-light violators.  
Engineering countermeasures 
typically include changes in 
signal visibility or timing.  Using 
enforcement countermeasures, 
drivers are encouraged to adhere 
to the traffi c laws through the 
threat of citation and possible 
fi ne.  In contrast, engineering 

countermeasures improve driver 
awareness of the signal light or 
reduce the number of instances 
in which drivers are put in a 
position of having to decide 
whether or not to run the red 
light.

Studies have shown that 
countermeasures in both 
categories are effective in 
reducing the frequency of 
red-light-running.  However, 
engineering countermeasures 
hold greater promise because 
of the signifi cant resource 
requirements of offi cer 
enforcement and the current 
legal and political challenges 
of automated enforcement.  
Furthermore, engineering 
countermeasures are within 

the direct control of the agency 
responsible for the signal.

This research project 
developed guidelines that 
describe how engineering 
countermeasures can minimize 
the frequency of red-light-
running and associated crashes at 
intersections.

What We Did…
A two-year program of 

development and evaluation 
produced information engineers 
can use to reduce red-light-
running.  During the fi rst year, 
researchers identifi ed the causes 
of red-light-running and a range 
of engineering countermeasures.  
In addition, they developed 
a before-after study plan 

Figure 1.  Red-Light-Running Frequency as a Function 
of Approach Flow Rate.
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to evaluate the effectiveness of 
alternative countermeasures at 
10 signalized intersections in 
Texas.  In the second year, several 
countermeasures were implemented 
and evaluated through the direct 
measurement of red-light-running 
frequency.  The research team then 
compared the observed frequency of 
red-light-running at each site to its 
crash history.  

One product of this research 
is a guideline document.  The 
document provides technical guidance 
for engineers interested in using 
engineering countermeasures to 
reduce red-light-running at problem 
intersections.  It also provides tools 
for evaluating the effectiveness of 
selected engineering countermeasures.

What We Found …

The database assembled for 
this project refl ects six hours of data 
collection at each of 10 intersections.  
More than 10,018 signal cycles were 
observed.  During these cycles, 586 
vehicles entered the intersection after 
the light changed from yellow to red.

Of the 586 vehicles observed to 
run the red light, 84 were trucks and 
502 were passenger cars.  Overall, 
0.86 percent of truck drivers violated 
the red light, and 0.38 percent of 
passenger car drivers violated the red 
light.  This fi nding indicates that truck 
drivers are twice as likely to run a red 
light as passenger car drivers. 

The typical intersection approach 
experiences from 3.0 to 5.0 red-light-
runners per 1000 vehicles and from 
5.0 to 10.0 red-light-runners per 100 
cycles.   Intersections with  red-
light-running rates in excess of these 
typical values should be considered 
for treatment with one or more 
countermeasures.
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There is speculation among 
engineers that lengthy yellow 
intervals may be abused by some 
drivers.  Specifi cally, it is believed 
that drivers adapt to an increase in 
the yellow duration and continue 
to run the red light with the same 
frequency as before the increase.  
Analysis indicates that drivers 
do adapt to an increase in yellow 
duration; however, the frequency of 
red-light-running is  still reduced.  
Specifi cally, a nominal increase of 0.5 
to 1.5 seconds of yellow, such that 
the yellow duration does not exceed 
5.5 seconds, was found to decrease 
the frequency of red-light-running by 
50 percent at several intersections.  
This fi nding is evidence of the benefi t 
of a properly timed yellow interval, 
where the interval duration is based on 
engineering analysis and consideration 
of traffi c conditions, control device 
visibility, and intersection sight 
distance.

The researchers examined the 
relationship between a range of factors 
and red-light-running frequency.  The 
factors examined include:

•  approach fl ow rate, 
•  cycle length,
•  yellow interval duration,
•  heavy-vehicle percentage,
•  running speed,
•  clearance path length,
•  platoon ratio,
•  approach grade,
•  number of approach lanes,
•  light emitting diode (LED) signals,
•  use of signal head back plates,
•  use of advance detection, and
•  signal head mounting.

In general, a decrease in red-light-
running is found to be associated with 
the following:

•  a decrease in approach fl ow rate, 
•  an increase in yellow duration,
•  a decrease in speed,

•  an increase in clearance path 
length (i.e., a wider intersection),

•  a decrease in platoon density, and
•  the addition of signal head back 

plates.

The effect of approach fl ow rate is 
shown in Figure 1.  The coeffi cient of 
determination R2 of 0.58 indicates that 
fl ow rate explains about 58 percent 
of the variability in red-light-running.  
Most of the remaining systematic 
variability is explained by the other 
factors previously noted.

Table 1 summarizes the fi ndings 
from this research regarding the 
effectiveness of several engineering 
countermeasures.  The information 
presented refl ects the fi ndings from the 
before-after studies, the calibration of 
a red-light-running regression model, 
and a review of the literature.  The 
effectiveness of each countermeasure 
is based on the study of red-light-
running at 10 intersections in Texas.

Guidelines from this project 
help the engineer select and evaluate 
engineering countermeasures to 
reduce red-light-running.  The 
guidelines are presented in a series of 
steps that should be followed when an 
intersection approach is believed to 
have a red-light-running problem.  The 
steps include:

•  gather information through an 
observational study and site 
survey,

•  confi rm the extent of the problem 
through the computation of the 
expected frequency of red-light-
running for the subject location,

•  compute a “ranking index” that 
indicates whether the site is truly a 
problem location,

•  identify possible red-light-running 
causes,

•  select candidate countermeasures, 
and



– 3 –Project Summary Report 4027-S

•  evaluate countermeasures and select 
those that will yield a prescribed 
target level of red-light-running.

If the red-light-running problem 
still exists after the trial of one or 
more countermeasures, then the 
engineer may need to consider some 
type of enforcement activity.  If the 
problem is deemed to be area-wide, 
then enforcement coupled with a 
public awareness campaign may be 
appropriate.

The Researchers 
Recommend…

There are a variety of 
countermeasures available to 
engineers to treat intersections with 
excessive red-light-running or red-
light-running-related crashes.  As 
is the case with most engineering 
improvements, proper treatment of the 
red-light-running problem requires 
careful diagnosis to ensure that a 
problem truly exists.  This diagnosis 
requires a site survey to collect data 
that quantify the frequency of red-
light-running and associated crashes.  
The survey should also identify 

conditions that may contribute to the 
occurrence of red-light-running.  

Thereafter, if the frequency is 
determined to be excessive, one or 
more engineering countermeasures 
should be evaluated for applicability 
and effectiveness.  The most 
promising countermeasures should 
then be implemented and a follow-up 
evaluation conducted to determine 
whether red-light-running and related 
crashes have been reduced.  The 
guidelines provided in the appendix of 
Report 4027-2 describe this process, 
and they can be used to reduce red-
light-running at most intersections.

Table 1.  Engineering Countermeasures to Red-Light-Running.

Countermeasure 
Category Specifi c Countermeasure 

Countermeasure 
Effectiveness1

Signal Operation Increase the yellow interval duration -50 to -70 %

Provide green-extension (advance detection) -45 to -65 %

Improve signal coordination Varies 2

Improve signal operation (increase cycle length 20 s) -15 to -25 %  3

Motorist Information Improve sight distance --

Improve visibility of signal (12-inch lens, add heads) --

Improve visibility of signal with yellow LEDs -13 %

Increase conspicuity of signal with back plates -25 %

Add advance warning signs without fl ashers --

Add advance warning signs with active fl ashers -29 to -67 %

Physical Improve-
ment

Remove unneeded signals --

Add capacity with additional traffi c lanes --

Flatten sharp curves --

Note:

1 -Negative values indicate a reduction in the frequency of red-light-running.   “–”: not addressed in this research.

2 -Red-light-running frequency is likely to increase with improved coordination; however, this increase may be offset 

by the larger cycle length typically required for good progression.

3 -Reductions associated with an increase in cycle length may not be realized if motorist delay increases signifi cantly.
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The research is documented in Report 4027-2, Engineering Countermeasures to Reduce Red-Light-Running.

Research Supervisor: James A. Bonneson, Ph.D., P.E., Texas Transportation Institute, j-bonneson@tamu.edu, 
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Key Researchers:  Karl Zimmerman, Texas Transportation Institute, k-zimmerman@ttimail.tamu.edu,
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To obtain copies of reports, contact Dolores Hott, Texas Transportation Institute, Information and Technology 
Exchange Center, (979) 845-4853, or e-mail d-hott@tamu.edu. See our online catalog at http://tti.tamu.edu.

This research project described how engineering countermeasures can be used to minimize the frequency of 
red-light-running and associated crashes at intersections.  One product was required for this project: a guideline 
document to describe cost-effective procedures for minimizing red-light-running.  The guideline document 
was submitted as an inclusion in research Report 4027-2. This functional document is currently being used in 
a follow-on research project, 0-4196, which examines the effectiveness of engineering countermeasures versus 
law enforcement to minimize red-light-running.  If the developed guidelines are an effective tool for minimizing 
red-light-running and crashes at intersections, it is recommended that this information be made available to 
agencies outside of TxDOT for their use.

Contact: Mr. Wade Odell, P.E., RTI Research Engineer, at (512) 302-2363 or email wodell@dot.state.tx.us

Disclaimer
This research was performed in cooperation with the Texas Department of Transportation (TxDOT) and the U.S. Department 
of Transportation, Federal Highway Administration (FHWA). The contents of this report refl ect the views of the authors, who 
are responsible for the facts and the accuracy of the data published herein.  The contents do not necessarily refl ect the offi cial 
view or policies of TxDOT or the FHWA.  This report does not constitute a standard, specifi cation, or regulation.  It is not 
intended for construction, bidding, or permit purposes.  Trade or manufacturers’ names included in this document appear 
solely because they are considered essential to the object of this report.  Their inclusion does not imply endorsement of these 
manufacturers or their products. 
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