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Introduction

At signalized intersections, the period between conflicting green phases is known as the
change interval. It is commonly composed of a yellow signal phase plus an optional all-
red interval. The purpose of the yellow signal phase is to alert drivers that their right-of-
way is about to end and, depending upon their relative proximity to the intersection, to
permit them to come to a safe stop or allow them time to clear the limit line prior to the
onset of the red phase. The purpose of the all-red interval is to allow vehicles which have
legally entered the intersection prior to the onset of the red signal to clear any potential
points of conflict before the release of opposing vehicles or pedestrians.

Transportation officials and engineers know that the proper timing of the change interval
is essential to intersection safety. If the yellow signal phase is too short, a “dilemma
zone” is created. Motorists who are unfortunate enough to be within this section of the
roadway when the yellow signal illuminates may neither be able to stop safely nor legally
enter the intersection before the onset of the red phase. Dilemma zones virtually assure
that some percentage of drivers will be forced to brake suddenly or violate the red,
thereby creating the potential for rear end collisions or vehicle conflicts within the
intersection. If the all-red interval is insufficient, vehicles from the previous green phase
may not have completely cleared the intersection prior to the release of cross traffic.
Again, this generates the potential for vehicle conflicts including highly dangerous
broadside collisions within the intersection.

When both the yellow and all-red phases are too short, a significant safety hazard is
created. Some drivers will be forced to violate the red due to the too-short yellow and
cross traffic will be released before they completely clear the intersection. Intersections
which exhibit a higher than average number of red-light related collisions most likely
have either a yellow phase or all-red phase which is too short. Often times, both
problems exist at the same intersection. Correcting the signal timing will most likely
eliminate the vast majority of collisions at these locations.

How the Yellow Phase is Determined
While there are a number of possible ways to determine the time for the yellow signal

phase, the Institute of Transportation Engineers (ITE) recommends using the following
kinematic formula to calculate the minimum time:



Y=Tp + Va

2dr+ 29 Gr

where,

Y = yellow interval duration in seconds;

dr= deceleration rate, use 10 ft/s?;

g = gravitational acceleration, use 32.2ft/s?;

Gr= approach grade, ft/ft;

Ter = driver perception-reaction time, use 1.0 s; and
Va= 85" percentile approach speed, ft/s.

As can be seen, the formula incorporates a number of variables which may change from
intersection to intersection. Certain variables have a greater effect on the final calculation
than others. We will discuss each of these variables and how they relate to the final
determination of the minimum safe yellow phase.

Driver Perception-Reaction Time (Tpr)

The first figure in the formula, Tpr, driver perception-reaction time, is the time between
the onset of the yellow phase and when the vehicle’s brakes engage. During this time,
the driver must see the light change from green to yellow, perceive the meaning of the
change, decide whether they are able to safely stop or if they should continue through the
intersection, and if they decide to stop, move their foot off the accelerator and apply the
brakes. The ITE suggests that a value of 1 second be used for this variable. However, a
number of studies on driver reaction times suggest that this figure may not adequately
account for driver perception-reaction times especially in an urban environment such as
Los Angeles due to “cognitive overload”. A study by Jenkins' which evaluated the
reaction time of motorists found that the mean reaction time was 1.4 seconds. Likewise,
in a study by Wortman and Matthias?, the mean driver response time was found to be 1.3
seconds. And, on the basis of his research, Green® determined the perception and brake
reaction time to be 1.25 seconds

85" Percentile Approach Speed (Va)

The speed of vehicles approaching the intersection is a critical component in calculating
the proper yellow signal timing. The ITE recommends using the 85" percentile speed of
free flow traffic as the approach speed in the numerator of the kinematic formula to
ensure that the yellow phase provides sufficient stopping time for at least 85% of the
vehicles approaching the intersection. California law requires the use of the 85"
percentile speed of traffic or the posted speed limit. However, if the posted speed limit is
used and the 85" percentile speed of traffic approaching the intersection is substantially
greater, then the yellow phase will be under-timed and a safety hazard will exist as a
significant number of drivers will encounter a dilemma zone as discussed above. For
example, if the yellow signal is timed to the posted speed limit, but the 85™ percentile
speed of traffic approaching the intersection is 10 mph higher (a situation which exists on
many roadways in Los Angeles) the yellow signal may be too short by almost 1 full
second.




Deceleration Rate (dr)

The ITE assumes a deceleration rate of 10 ft/s®>. This rate is sufficient to account for the
deceleration experienced by most passenger vehicles. However, larger vehicles such as
trucks and buses may have a lower deceleration rate of around 8 ft/s”. Vehicles with
lower deceleration rates require more stopping time and, as a consequence, longer yellow
signal times. Therefore, at intersections that routinely service a high number of trucks
and buses, it may be necessary to increase the yellow signal time up an addition % second
to accommodate the longer stopping requirements of these vehicles.

Approach Grade (Gr)

Vehicles decelerating on a downward grade require more stopping time and consequently
longer yellow signal times. The ITE formula factors this into the yellow timing
calculation. The greater the grade decline, the more the yellow time is adjusted upward.
At approaches where no grade exists, this value is dropped from the calculation.

Maximizing Safety through Longer Yellow Timing

The ITE formula is used to calculate the minimum safe time for the yellow signal phase.
However, increased intersection safety can be achieved by ensuring that the yellow signal
phase is sufficient for the traffic and conditions present at the intersection. Safety
dictates that the yellow signal time be calculated using the 85™ percentile speed of free
flow traffic approaching the intersection based on a current traffic and engineering
survey. When a current traffic survey is unavailable, the 85" percentile speed should be
assumed to be at least 10 mph above the posted speed limit. Likewise, in the interest of
safety, driver perception-reaction time should be assumed to be at least 1.4 seconds,
especially in an urban environment such as Los Angeles. Together, this change would
likely increase the yellow time at many intersections by about 1 second and significantly
improve safety. For intersections where drivers experience a declining grade on
approach to the intersection or where there are a large number of trucks and buses, the
yellow time should be further adjusted upwards accordingly.

The safety benefit of longer yellow signal times has been proven in a number of studies. In
a 2004 Texas DOT study, traffic engineers Bonneson and Zimmerman noted that when the
yellow interval duration is set _one second longer than the “minimum time” based on the
85" percentile speed, violations decreased by 53% and crashes decreased by 40%.*

The chart below shows a similar 30% to 55% reduction in violations achieved at San
Diego red-light camera sites when the yellow interval times were increased.
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BEFORE | BEFORE | AFTER | AFTER | YELLOW |VIOLATION
INT & LOCATION YELLOW |WVIOLATIONS | YELLOWY |(VIOLATIONS [INCREASE REDUCTION

(seconds) | (per 100 hrs) | (seconds) |(per 100 hrs) | (seconds) | (percent)
1454 mg&":lﬁ;?vE @ 3.00 98.8 3.20 55.9 | 0.20 43.4%
1504 [ F TS 4.00 49.4 4.90 22.5 | 090 | -545%
1534 ‘E'.MABMP;:E“S‘L'J“IZR RD @ 4.40 42.5 4.80 29.8 | 0.40 -28. 9%
1541 N e, | 310 | w4 | am | a2 | 1e0 | e
1542 g:gﬂgﬁ'ﬁg;wb@ 2.00 49.9 370 30.3 | 0.70 -38.3%
1550 e o ® [ a0 | w7 [ am | w7 | oe | seen
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Likewise, the following two figures show how Fairfax County, VA achieved a
significant, sustained reduction in violations when the yellow timing was increased

by % second. Note also that although red-light cameras were present at these
intersections during the entire review period, a dramatic reduction in violations was seen
only after the yellow timing was increased.
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As for concerns that drivers will modify their behavior to account for the longer yellow
light and still run the red, the data shows that such an adjustment does not happen to any
large extent. The 2004 Texas DOT study found that “yellow increases in the range of 0.5
to 1.5 seconds, that do not yield yellow durations in excess of 5.5 seconds, are still likely
to reduce red-light-running by about 50 percent”.* And in a study of yellow signal
duration on driver response, Stimpson, et al found that any adaptation is minor and “does

not undo the benefit of an increase in yellow duration". >



How the All-Red Clearance Phase is Determined

The ITE recommends using the following formula to calculate the appropriate all-red
phase:

r= w+L

Vv

where,

r = the all-red signal phase in seconds;

w = width of the intersection, in feet, measured from the near-side stop line to the
far edge of the conflicting traffic lane along the actual vehicle path;

L = length of vehicle, in ft, assumed to be 20 ft; and

v = 15" percentile speed of the vehicle through the intersection, in ft/sec

This formula also incorporates a number of variables which may change from
intersection to intersection. The values are fairly self-explanatory with the possible
exception of vehicle speed. In contrast to the formula for the yellow signal timing, here
we employ the 15™ percentile speed of vehicles traversing the intersection. This lower
number is used to ensure that the slowest vehicles have sufficient time to clear the
intersection prior to the release of cross traffic. When a current traffic survey is
unavailable, the 15™ percentile speed can be assumed to be 5 - 10 mph below the posted
speed limit.

Maximizing Safety through a Longer All-Red Phase

As discussed previously, the purpose of the all-red phase is to allow vehicles that enter
the intersection in the last moments of the yellow phase to clear the intersection prior to
release of cross traffic or pedestrians. Wider intersections necessarily require longer all-
red phases. Large intersections such as Van Nuys Blvd and Sherman Way exhibit widths
in the range of 115 - 125 ft. Medium size intersections such as Main and Temple just
north of City Hall are about 90 feet wide. Based on the ITE formula, a vehicle traveling
at 35 mph will require approximately 2.83 seconds to completely clear an intersection
125 feet wide and just over 2 seconds to clear an intersection 90 feet wide. Slower
vehicles require more time to clear. Some typical examples of clearance times required
at various speeds and intersection widths are shown in the chart below.

Required All-Red Clearance Intervals

All- All- All-
Vehicle Width of Red Width of Red Width of Red
Speed Intersection | Phase | Intersection | Phase | Intersection | Phase
25 mph 80 ft 2.72 100 ft 3.27 120 ft 3.81
30 mph 80 ft 2.27 100 ft 2.73 120 ft 3.18
35 mph 80 ft 1.95 100 ft 2.34 120 ft 2.73
40 mph 80 ft 1.70 100 ft 2.04 120 ft 2.39




The above clearance intervals provide a sufficient all-red phase to clear any vehicles that
cross the limit line just as the signal changes from yellow to red. However, in real world
situations, some drivers will enter the intersection just after the signal turns to red. This
is often due to yellow times that are too short, drivers who simply miscalculate the time it
will take them to reach the limit line before the yellow phase ends, or drivers who
hesitate or slow momentarily before deciding they have sufficient time to make it into the
intersection before the red illuminates. The 2004 Texas DOT study determined that
when a red light violation occurs, about 60 percent of the time it occurs within the first
half second of the red phase. An additional 20% of red light violations occur between %2
and 1 second after the red phase begins and another 15% of red light violations occur
between 1 and 2 seconds after the beginning of the red phase. Therefore, 80% of all red
light violations occur within the first second of the red phase and 95% of violations occur
within the first two seconds of the red phase. The distribution of red light violations as a
function of time-into-red appears in the figure below.

Figure 5-1. Frequency of Red-Light Violations as a Function of Time-Into-Red.
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In order to minimize the chance that collisions will occur at signalized intersections, the
all-red clearance interval must be long enough to allow all vehicles to clear the
intersection before cross traffic is released. This interval should be extended up to 1
second beyond the ITE minimums to account for vehicles that enter the intersection just
after the red phase begins. For example, a vehicle traveling at 35 mph would require
approximately 2 seconds to clear an 80 foot wide intersection. However, if the driver
miscalculates or hesitates and enters the intersection %2 second after the light turns red, his
vehicle will not completely clear the intersection until 2.5 seconds after the red phase
begins. In this situation, the 2 second all-red clearance interval dictated by the ITE
formula would not be sufficient to prevent a possible vehicle conflict within the
intersection. While it may not be desirable to increase the all-red phase to account for



every vehicle that might enter the intersection after the red phase begins, extending the
all-red phase %2 to 1 second beyond the time calculated using the ITE formula would
prevent collisions due to the 60 - 80 % of violations that occur immediately after the
onset of red. This could add an additional measure of safety without unduly reducing
traffic flow. In fact, the available research documents that adding 1 or 2 seconds to the
traffic signal change interval timing reduces traffic conflicts without significantly
affecting traffic operations®. A study by Findley’ concluded that an increase in change
interval time did not increase intersection congestion, even at intersections operating near
capacity. In any case, the all-red phase should be set to at least the minimum required
based on the width of the intersection and the speed of traffic typical for that section of
roadway. For most major intersections in Los Angeles, the all-red phase would need to
be set at a minimum of 2 - 3 seconds in order to meet this requirement.

Some traffic engineers argue that the all-red phase can be reduced by 1 second due to the
fact that there is a momentary delay as the cross traffic starts up from a stopped position.
However, this practice does not take into account any vehicles that might approach the
intersection just as the light turns green. These vehicles would enter the intersection
immediately once the green phase begins and have the potential to collide with vehicles
still in the intersection from the previous phase. Therefore, it is imprudent to reduce the
all-red phase in this manner.

Existing Conditions at Los Angeles Intersections

As part of an ongoing study of traffic safety in Los Angeles, Safer Streets L.A. identified
intersections within the city with a higher than average number of red-light related
collisions. Without exception, we found that either the yellow time, the all-red phase or
both are currently below the ITE minimums based on the actual speed of traffic at these
locations and therefore insufficient to provide the margin of safety necessary to protect
the motoring public.

For example, the intersection of Roscoe Blvd. and Mason Ave. has experienced 3 - 5 red-
light related accidents annually for five of the eight years studied. Roscoe Blvd. has a
posted speed limit of 35 mph but most likely an 85" percentile speed of 45 mph for
traffic approaching the intersection. The width of the intersection across Mason Ave. is
approximately 90 feet. Using an 85" percentile speed of 45 mph, the ITE formula
dictates a yellow phase of 4.3 seconds. However, the actual time of the yellow phase is
3.57 seconds. Not only is this time too short by almost % of a second based on the 85"
percentile speed of traffic, it is shorter than the yellow required for the posted speed limit.
Of greater concern, however is the all-red phase. At this location, the red clearance phase
should be at least 2.5 seconds as determined by the ITE formula. However, the actual all-
red phase is a mere 0.47 seconds, more than 2 seconds too short. And, this does not take
into account any driver error that might cause a vehicle to enter the intersection after the
onset of the red signal. This intersection is a prime example of what occurs when signal
timing is not sufficient for the conditions present. As would be expected, there is an over



abundance of red-light related collisions. Safety conditions at this intersection can be
improved immediately simply by lengthening the yellow and all-red signal phases.

A similar number of accidents have occurred at the intersection of Spring Street and
Aliso Street. The yellow phase is set at 3.47 seconds and the all-red interval is 0.97
seconds. Again, these times are too short for the prevailing traffic conditions. We
estimate that the minimum yellow time should be at least 4 seconds and the minimum
clearance interval should be at least 2.1 seconds.

At the intersection of Olympic Blvd. and Hope St., the yellow time is 3.86 seconds and
the all-red phase is 0.86 seconds. This roadway is posted at 35 mph. Using the criteria
we set out above to provide for an additional measure of safety, the yellow phase would
be 4.6 seconds and the all-red interval would be 2.3 seconds.

This pattern is repeated throughout the City of Los Angeles. Unquestionably, at
intersections where red-light related accidents are over represented, an engineering
deficiency exists. As explained above, drivers in an urban environment such as L.A. may
need additional reaction time to respond to the yellow signal and routinely travel at 10
mph or more beyond the posted speed limit. Therefore, it would be prudent to extend the
yellow signal time at least 1 second and extend the all-red clearance interval at least 0.5
seconds beyond the ITE minimums. Additional engineering improvements may be
necessary at some intersections to be determined based on a comprehensive engineering
survey.

Conclusion

The City of Los Angeles now has an economical option available that would achieve a
greater safety benefit than the proposed multi-million dollar red-light camera program.
The cost to change signal timing is insignificant. The City can swiftly achieve a
reduction in accidents as well as violations at numerous signalized intersections simply
by extending the yellow and all-red signal phases. There is no reason not to immediately
implement the strategies outlined in this report at problem intersections. Failure to do so
not only puts the motoring public at risk, it leaves the City open to the possibility of
litigation should injuries or fatalities occur due to deficient signal timing.
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