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REGION OF OTTAWA CARLETON REPORT
RÉGION D’OTTAWA CARLETON RAPPORT

Our File/N/Réf. 50 20-98-0201
Your File/V/Réf.

DATE 10 August 1998

TO/DEST. Co-ordinator Transportation Committee

FROM/EXP. Director Mobility Services and Corporate Fleet Services
Environment and Transportation Department

SUBJECT/OBJET WARRANTS FOR PEDESTRIAN SIGNALS AND TRAFFIC
CONTROL SIGNALS

DEPARTMENTAL RECOMMENDATION

That Transportation Committee and Council receive this report for information.

BACKGROUND

At the Transportation Committee meeting of 06 August 1997, Committee directed, “That staff
bring forward a report/briefing in January 1998 on current warrants for intersection signalization
including the rationale for the warrant norms.  The report would also consider whether the
existing warrant system is still appropriate in view of the new Transportation Master Plan.”

DISCUSSION

There are currently two types of situations which justify the installation of a traffic control signal.
For each type, a warrant system has been developed which differentiates between pedestrian
traffic and vehicular traffic.  These are the Pedestrian Signal Warrants as adopted by Regional
Council at its meeting of 13 February 1991 (the Ontario Ministry of Transportation (MTO) has
similar warrants) and the Ministry’s Traffic Control Signal Warrants which have been used as
guidelines for signal justification over the past 30 years.

PEDESTRIAN SIGNAL WARRANTS

The pedestrian signal warrants are the former Regional Pedestrian Crossover Warrants renamed
when Council at its meeting of 13 February 1991 decided that pedestrian crossovers would no
longer be installed on Regional roads and that the systematic removal of pedestrian crossovers
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would be undertaken.  The first pedestrian crossovers used in the Ottawa area were established in
1963.

The pedestrian crossover was developed as an economical traffic control device that was
supposed to permit pedestrians to cross roadways safely and effectively with minimum delay to
both pedestrian and vehicular traffic.  However, since full control signals are now used, both
pedestrian and vehicular delays are experienced.  Pedestrians must push a button and wait until
the timing cycle for the device calls up the pedestrian walk signal display while the vehicular signal
display changes from green to amber to red.  Likewise, the vehicular traffic is delayed for the time
it takes a pedestrian to cross curb to curb plus a safety factor.  Thus, there are longer delays for
all users.

Before considering a pedestrian signal installation, a sidewalk must be present at each end of the
crosswalk(s), as specified in Condition “m” of the Pedestrian Signal Warrants, which states:
“Sidewalks necessary for the safe and effective use of a pedestrian signal are available, or will be
provided prior to a pedestrian signal being installed.”

Pedestrian signal installations can take one of the following forms:

1. a pedestrian traffic control signal which is identical to a full traffic control signal
installation which has both pedestrian and vehicular traffic head displays facing all
approaches to an intersection;

2. an intersection pedestrian signal also known as a half signal which has only a single
pedestrian crosswalk on one side of an intersection controlled by pedestrian heads and
stop sign(s) controlling the minor road(s) vehicular approach(es) and vehicular signal
heads controlling both approaches on the major road; or

3. a mid-block pedestrian signal which has a single crosswalk controlled by pedestrian heads
and vehicular signal heads controlling both approaches on the major road.

The warrant system for a pedestrian signal is based on two sub-warrants which consider the
number of pedestrians crossing the roadway, the traffic volume on the roadway, and the time that
the pedestrians must wait (i.e. are delayed) for an appropriate gap in traffic on the roadway before
starting to cross.

Volume Warrant:  This sub-warrant compares the weighted number of pedestrians crossing the
roadway in a eight-hour period (usually 7:30 to 9:30 a.m., 11:30 a.m. to 2:00 p.m., and 2:30 to
6:00 p.m.) with the twelve-hour vehicle volume of traffic on the roadway.  (The Ministry’s
warrant system specifies eight-hour vehicle volume, but results are comparable -- twelve-hour
volumes were specified in the original Regional warrants for convenience and ease of collection
using automatic traffic recorders.)  Weighted means that children, seniors and disabled persons are
each counted as two pedestrian crossings, a number arbitrarily selected to reflect the greater
waiting time required by these groups for a safe crossing gap.  The weighted number of
pedestrians is called the adjusted  pedestrian crossing volume.
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The point where the twelve-hour vehicular volume of the roadway intersects with the eight-hour
adjusted pedestrian volume is plotted on the “Pedestrian Signal Evaluation Volume Warrant”
graph.  If the point is within the “Warranted Zone”, the Volume Warrant is at least 100%
satisfied.  It should be noted that locations with vehicle volumes less than 2,000 or adjusted
pedestrian volumes less than 200 will always fall outside the warranted zone.  In the former case,
empirical studies have shown that pedestrians generally do not experience excessive delays when
volumes are less than 2,000.  In the latter case, the number 200 was selected to prevent possible
over-use of the device.

The “percent warranted” is calculated as the ratio of the measured eight-hour adjusted pedestrian
volume to the minimum eight-hour adjusted pedestrian volume falling within the warranted zone,
expressed as a percentage, for the particular twelve-hour vehicle volume measured.  It can be
greater or less than 100%.

Delay Warrant:  This sub-warrant compares the number of crossing pedestrians (measured, not
weighted) that are delayed more than 10 seconds in starting to cross the road with the eight-hour
adjusted pedestrian volume (from above).  The value of 10 seconds was selected as the point at
which delays start to become noticeable.

The point where the eight-hour adjusted pedestrian volume intersects with the number of
pedestrian delays greater than 10 seconds is plotted on the “Pedestrian Signal Evaluation Delay
Warrant” graph. If the point is within the “Warranted Zone”, the Volume Warrant is at least
100% satisfied.

The “percent warranted” is calculated as the ratio of the number of measured pedestrian delays to
the minimum number of pedestrian delays falling within the warranted zone, expressed as a
percentage, for the specific adjusted pedestrian volume measured.  It can be greater or less than
100%.

The Pedestrian Signal Warrant is satisfied only when both the Volume Warrant and the Delay
Warrant are 100% or greater.  The overall percent warranted for the location is the minimum of
the volume or delay percent warranted.

Refer to Annex A for the warrant analysis sheet and the two graph evaluation sheets.

TRAFFIC CONTROL SIGNAL WARRANT

This warrant system is set by the Ministry of Transportation of Ontario and has been in use since
the inception of the Region of Ottawa-Carleton as a guideline for the installation of signal lights.
Until recently, the Region would receive from the Province approximately 40% subsidy in funding
for each warranted signal installation.  Proof of warrant would have to be submitted to MTO for
approval.

The warrant system is based on the availability of acceptable gaps in traffic flow on the major
roadways that allow the minor street traffic to merge with or cross through safely.  Data shows
that for an average driver a total crossing time (safe gap) of nine seconds (comprised of actual
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travel time plus perception/reaction time) is required to clear an intersection on a two-lane street
from the side/minor street.  Under very heavy traffic (urban) conditions this average time can drop
to six seconds.

Annex B illustrates an average rural intersection.  The total distance from the stop bar (Point A)
to clear the major road (to Point B) is 19.2 metres.  From the stop condition, assuming an average
acceleration rate of 2.7 metres/second/second, the physical crossing time is 3.75 seconds.  In
addition to the crossing time (3.75 seconds), additional time has to be considered in making the
crossing.  This time is comprised of two components:  the time to perceive a satisfactory gap in
the major road traffic and the time to react.  The perception/reaction time for an average driver is
5.25 seconds.  Total crossing time is then 3.75 + 5.25 = 9.0 seconds.  As previously stated, in the
urban area this crossing time can be reduced to 6 seconds due to the preparedness of the driver,
which reduces the reaction time.  Changing demographics, such as a larger proportion of older
drivers may require re-evaluation of these parameters in the future.

The theory of justifying traffic control signals is based on comparing the minor street volumes to
the number of safe gaps (a function of traffic volume) on the major road.  If the number of safe
gaps on the major road is less than the number of minor road vehicles trying to cross the
intersection, then a traffic control signal may be warranted.

The warrants for a traffic control signal have been developed for two types of conditions on a
major roadway:

1. Restrictive Flow Conditions - normally encountered in urban areas where operating speed
is less than 70 km/h; and

2. Free Flow Conditions - normally encountered where operating speed is equal to or greater
than 70 km/h.

Considerations

1. A traffic control signal serves no useful function when traffic volume on the major road is
such that gaps of at least nine seconds in length for rural situations (six seconds for urban)
occur as often as minor road vehicles wanting to cross over the major road.  Therefore,
the minimum required traffic volumes providing gaps of nine and six seconds as developed
from the theory of random traffic flow have been selected as the values in the Ontario
Warrants.

2. Also, there should be at least one vehicle (or pedestrian) on the minor road during each
signal cycle; otherwise, a delay to the major flow of traffic would occur unnecessarily and
the net result of signalization would be increased delay and increased frequency of rear-
end collisions.  Therefore, the minimum volume of traffic on the minor road required to
provide at least one vehicle per cycle has been determined from the theory of random
traffic flow.  These values are reflected in the Ontario Warrant.
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3. The only remaining point to be considered is the length of time during which these volume
warrants should be fulfilled. Eight hours has been selected as the standard in most
jurisdictions.  This is the period that encompassed both peaks and the majority of the
working day.  For the Ontario warrants, therefore, the minimum volume conditions must
occur during at least eight (8) hours (not necessarily consecutive) of an average day.

The MTO warrant system consists of five separate warrants described in Annex C.  Warrant 1
(Minimum Vehicular Volume) and Warrant 2 (Delay to Cross Traffic) have been developed based
on traffic flow theory and many empirical studies have shown that signals installed under these
conditions will result in reduced overall intersection delay.  These are the two warrants that are
most extensively used to justify a traffic control signal.  If either of these two warrants are 100%
satisfied, then a traffic control signal is considered warranted.

Pedestrians crossing the major road are addressed in Warrant 2, where the number of pedestrians
is combined with the vehicular cross traffic in determining the overall warrant value.

Warrant 3 (Accident Hazard) addresses locations where a high number of right-angle collisions
have occurred, combined with a relatively high vehicular volume where remedies less restrictive
(and costly) than traffic control signals have not reduced the collision hazard to an acceptable
level.  In these cases signals may be justified.

Warrant 4 (Combination) is used to justify signals at intersections where two of the three previous
warrants are between 80% and 100% satisfied.

Warrant 5 (Pedestrian Volume) provides values justifying mid-block pedestrian signals.  These
values are generally more restrictive than the Region’s Pedestrian Signal Warrants.

The current Ontario Traffic Control Signal Warrants have been in existence for over 30 years and
drivers’ behaviour still conforms to the theory behind their development.  The application of the
warrants should be accompanied by knowledgeable engineering judgement and awareness of local
conditions.

PEDESTRIAN AND BICYCLE CONSIDERATIONS

Although pedestrian volumes are considered, the traffic control signal warrants are geared
primarily to vehicular traffic flow (which includes bicycles).  The Pedestrian Signal Warrants, on
the other hand, consider the volume of and delay to pedestrians (with cyclists considered as
pedestrians) and are consistent with the Transportation Master Plan policies to facilitate and
encourage pedestrian and bicycle travel.

One concern often raised is that in many cases measured pedestrian volumes are low because
people are afraid to cross the road, i.e. the “potential pedestrian crossing demand” is much higher
and providing signals would encourage more crossings, possibly enough to satisfy the warrants.
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The Regional pedestrian signal warrants could certainly be modified to use a shorter time period
or possibly higher factors for seniors, children and disabled persons.  The “potential pedestrian
crossing demand” is hard to obtain and likely varies greatly with each location.

The Department could examine historical data at various recent pedestrian signal installations to
determine how much volumes had actually increased since installation to see if this condition is
significant.

NUMBER OF HOURS CONSIDERATIONS

Another concern often raised is that the need to satisfy the guidelines for the full eight hours,
rather than two or four (the peak hours) is onerous.  The MTO recently considered modifying the
existing traffic control signal warrants to use four-hour values. While this could be considered,
reducing the eight-hour requirement would have a significant effect on the number of signals
warranted each year.  Based on 1998 counts to date,  a total of nine new locations would warrant
signals based on the eight-hour criterion.  Reducing the requirement to six hours would add an
additional three, to four hours an additional seven, and to just the two peak hours, an additional
eleven.  The number of warranted new locations could jump from nine per year to 30.

CONCLUSIONS

In the end, it is primarily a political judgement to determine if “unwarranted” signals are justified.
The current set of guidelines is considered more than adequate for an initial technical screening.
Council may then decide whether or not to approve an unwarranted device, bearing in mind that
each new signal costs at least $70,000 to install (without roadway modifications -- intersection
modifications add $200,000 to $750,000 to these costs) and averages $3,500 per year to
maintain.  Signals certainly can provide benefits in the areas of safety and convenience, but there
are trade-offs -- increased vehicle and pedestrian delay, increased number of stops, and an
increased probability of rear-end collisions.

Approved by G. Malinsky on behalf of
Doug Brousseau

GM/JAF/HLD/sc

Attach. ( 3 )




















