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Background

The aim of Dwell-on-Red is to reduce the number and severity of pedestrian-vehicle crashes
that occur at signalled intersections located near licensed premises during high-alcohol
hours. The treatment involves reverting to an all-red phase when there is no traffic demand,
i.e. when no vehicles are present at the intersection and detected by the signal detectors
before each stop-line. This treatment is intended to bring about a reduction in the average
speed of vehicles passing through the intersection. According to the literature a reduction in
average speed also implies a reduction in crash occurrence and crash outcome severity (e.g.
Josksch, 1993; Finch et al., 1994; Andersson and Nilsson 1997; Kloeden et al. 1997, 2001;
Nilsson, 2004, Elvik et al., 2004; OECD/ECMT, 2006).

The Dwell-on-Red treatment is presently being trialled at a Melbourne metropolitan
intersection as part of a MUARC Baseline funded project. The MUARC Baseline sponsors
including: Department of Justice, VicRoads, TAC and the Victorian Police. Dwell-on-Red has
previously been trialled in Ballarat where it was found to significantly reduce the average
speed of vehicles approaching the intersection (Lenné et al., 2007).

In order to determine the extent of the traffic safety problems during high-alcohol hours at
this intersection it was agreed to carry out a conflict observation study. A key objective of
the observation study was to determine the suitability of the Dwell-on-Red treatment at the
site in relation to the existing safety problems. It was anticipated that observation studies in
addition to an analysis of existing crash data would provide an invaluable insight into past
and present levels of safety, and ultimately result in recommendations for safety
enhancement.

The Lund Conflict Observation Technique

At any particular site, such as an intersection, the traffic safety situation can be described in
various ways. For example, it can be characterized by the number of accidents that have
occurred or by the level of accident risk based on historical accident data and a measure of
exposure. Arguably however, accidents are not a good gauge of the current safety situation
at a specific site. This is because the number of accidents is usually relatively small with a
large degree of random variation over time periods less than several years. Therefore, in
order to measure the effectiveness of a particular intervention, it would be necessary to wait
several years before reliable conclusions could be drawn. This also allows many extraneous
factors to influence the results. Another problem is the underreporting of crashes,
particularly those that are less severe.

A cost-effective and relatively fast measure of traffic safety at a particular site can be
provided by a conflict observation study. This technique has been developed in Sweden by
Professor Christer Hyden, who describes a conflict as: “ 7he time that is remaining from when
the evasive action Is taken until the collision would have occurred if the road users had
continued with unchanged speeds and directions”. The aim of a conflict observation study is
to identify and quantify all unsafe interactions between road users at a particular site during
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a predetermined time-period. Any other road user behaviour that is observed and deemed to
be ‘unsafe’ is also documented and recorded on video-film. The technique is particularly
useful in urban situations where there are a mixture of different road-user groups (drivers,
pedestrians, cyclists) and the need to conduct before-and-after style comparisons to
measure the safety effectiveness of different interventions. Used together with other data
such as traffic volume and pedestrian counts, it is likely to provide a good indication of the
level of accident risk and the types of accidents that are likely to occur.

The most obvious strength of the conflict technique is that it can be quickly and easily used
to reveal the effectiveness of various intervention schemes designed to improve traffic
safety. The process of events surrounding a conflict is almost identical to that of a
compatible accident. This means that conflict observations can also be used as a basis for
explaining how dangerous situations occur, and therefore provides an insight into how they
might be prevented. For each observed conflict, a so-called ' 7ime-to-Accident' (TA) value is
calculated on the basis of estimates of distances and speed to the common conflict point for
the conflicting road-users and vehicles.

The estimation of speed and distance is carried out by a specially trained observer, and is
backed-up by video-recordings at a later point in time to confirm and validate the TA-value.
The TA-value also distinguishes the level of severity in the conflict. It is recommended that
Conflict Studies are carried out at a site in 1, 2 or 3-hourly periods covering as many as 6-9
hours per day over a 2 or 3-day time-period. The hours should be varied to include both
peak and off-peak periods. A minimum 18 hours of conflict observation is considered
sufficient to provide a reliable picture of the existing safety situation at a particular site.

According to Hyden (1987), there are between 3,000 and 40,000 conflicts for each police
reported injury crash. This ratio differs depending on the type and severity of the conflicts
that are observed. Random variation is less of a problem than with accident data. Hyden has
demonstrated that the results of conflict studies can be used to provide a better estimate of
the average number of accidents than predictions based on the accident statistics
themselves. It is argued that 3 days of conflict observations can provide a better estimate of
the level of safety at a particular site than the following three years of accident data.
Importantly, Hyden (1987) recognizes that estimating the expected number of accidents is
generally not sufficient for most traffic safety analyses. For a safety analysis to be useful,
estimates of risk are required in order that comparisons can be made. It is therefore
necessary to give consideration to measures of exposure such as traffic/pedestrian volume
counts.

Intersection Description and Traffic Conditions

Intersection Description

The chosen intersection is a cross intersection with traffic signal control. The western
approach to the intersection has four lanes at the stop line. The inside lane is for straight-
ahead and left-turn traffic, the two middle lanes are for straight-ahead traffic only, and the
outer lane is designated for right-turns. Right-turns are either partially controlled (07:00-
09:30 and 16:00-19:00 Monday to Friday) or fully signal controlled. The approach speed on
this approach is 60 km/h. There is a refuge between the directional lanes of travel extending
some distance from the intersection. The pedestrian crossing on this approach is signalled,
though not over the left-turn slip lane from the southern approach. The eastern side of the
intersection has three lanes at the stop line. The outside right-turn lane begins
approximately 20 metres back and is not separately controlled by the signals. The inside lane
is for straight-ahead and left-turn movement, while the middle lane is for straight-ahead
movement only. There is a left-turn green arrow that operates simultaneously with the right-
turn signal from the southern approach. There is no refuge separating the two directions of
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travel on this approach. This also means that there is no central refuge for pedestrians when
crossing this approach. There are no parking spaces on this approach near the intersection.
In the opposing direction, outside the licensed premises, there is an area reserved for
parking. This is often full during evening hours and restricts the road to two lanes of traffic in
the west-to-east direction. The speed limit posted along this street is 60 km/h in both
directions. The pedestrian crossing is fully signal controlled.

Along the northern and southern directions there are two sets of tram rails. During evening
hours tram traffic is relatively infrequent passing approximately once in both directions every
20-30 minutes. Tram priority and protection from turning movements is provided in the main
signalling of the intersection.

The northern approach to the intersection is divided into three lanes at the stop line. The
inside lane is a designated left-turn lane with no green arrow and extends approximately 20
metres back from the intersection. The middle lane is designated for straight-ahead traffic
only, while the outer lane is for both straight-ahead and right turn traffic. There is no
separate signal control for right-turns. The three lanes of approaching traffic are separated
from the two exiting lanes on the other side of the roadway by the tram-rails. The speed in
both directions of travel is 60 km/h on this part of the street. Lateral parking and cycle lanes
are provided on both sides of the road. The pedestrian crossing is fully signal controlled.

The southern approach to the intersection is slightly more complicated. There is a left-turn
slip lane that begins approx 40 metres back from the stop line. The left-turn lane is not
signal controlled; vehicles from this direction must yield for right-turning vehicles from the
opposite direction. At the stop-line there are three approach lanes, two for straight-ahead
traffic and a designated right-turn lane. The right turn lane starts approximately 30 metres
before the stop-line. The right turn manoeuvre is controlled by a 3-aspect right turn group
that operates green-yellow and red. The signal also goes blank under certain conditions and
is dependent on tram movements. Both directions of traffic are separated from the two
exiting lanes by tram rails. The speed limit on this arm of intersection is 60 km/h in both
directions, but restricted to 40 km/h during most hours of the day except early morning
(2:00 am to 6:00 am). Parking and cycle lanes are provided on both sides of this street.

Traffic Conditions

As part of this project, inductive loops were installed at 50 metres and 10 metres before the
stop-line on each of the four intersection approaches. The loops were duplicated in each
lane, but did not include the left or right turn lanes nearest the stop line that started less
than 50 metres back. The loops were installed in pairs in order to collect speed data. The
hourly flow rates recorded from the inductive loops for a typical 24-hour period from Friday
lunchtime (12:00) to Saturday lunchtime (12:00) are shown in Figure 1. This data includes
the evening high-alcohol hours between 22:00 pm and 5:00 am. The data shown indicates a
major peak of approximately 2,500 vehicles per hour passing through the intersection
between 17:00-18:00 pm. The main peak declines continually, reaching the lowest overall
flow rate (less than 400 vehicles per hour in total) between 5:00-6:00 am. From this time
onwards there is a continual increase to Saturday lunchtime.
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Traffic Flow: Friday 12:00 {midday) to Saturday 12:00 (midday)
23rd November 2007 - 24th November 2007
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Figure 1. Hourly flow rates recorded on each approach at the intersection.

The average daily traffic volume based on a full week of data during November 2007 was
approximately 30,000. The average daily traffic volume approaching the intersection from
the west was highest with approximately 8,500 vehicles, and the eastern approach was
lowest with approximately 5,600 vehicles. The northern approach had slightly more traffic
than the southern approach with approximately 8,100 and 7,700 vehicles, respectively. The
inductive loops also provided speed data. The average speeds per hour are shown in Figure
2 for the same time-period as the traffic flow data. The average speed data tends to follow
the inverse trend for the traffic flow rates; showing lower average speeds consistent with

higher traffic volumes.

Average Speeds: Friday 12:00 (midday) to Saturday 12:00 (midday)
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Figure 2. Average speeds per hour recorded on each approach at the intersection.
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There is no available pedestrian data in relation to this intersection. During the observation
studies carried out between 23:00 and 0:00, pedestrian counts were made for the signalled
pedestrian crossings on each intersection arm. The count also documented the number of
pedestrians crossing on red. This data is shown below in Table 1.

Table 1. Numbers of pedestrians using the four signalled pedestrian crossings between
23:00 and 00:00

Date Eastern leg Western leg Northern leg Southern leg
(23:00 - 00:00) | Total OnRed | Total OnRed | Total OnRed | Total On Red
Fri 9th Nov 158 43 24 13 13 0 8 2
Sat 10th Nov 445 124 54 24 48 2 23 3
Fri 16th Nov 256 74 43 13 37 6 17 0
Sat 17th Nov 322 66 73 36 112 26 22 2

Fri 23rd Nov 275 55 65 27 37 8 18 6
Sat 24th Nov 318 51 62 31 97 15 28 8
Av. No. Peds 295.67 68.83 53.50 24.00 57.33 9.50 19.33 3.50
% On Red 23.28% 44.86% 16.57% 18.10%

The data shown in Table 1 suggests that there is a large number of people crossing the
eastern leg on Friday and Saturday evenings in the hour before midnight. This pedestrian
crossing provides access to the licensed premises on the north-eastern corner. The data also
suggests a great many pedestrians crossing on red at each of the crossings.

Review of Crash Data

During the latest five-year crash period (01/01/2001 - 31/12/2005), there have been 20
police reported casualty crashes at the intersection according to the available data. No
fatalities are reported among the statistics, although in total there have been 8 serious
injuries and 15 minor injuries. The data shows that 7 of the crashes were between vehicles
and pedestrians, resulting in severe injuries to 4 pedestrians and minor injuries to 3
pedestrians. There has also been 1 crash involving a cyclist (minor injury) and a vehicle (the
vehicle crashed into the open door of another vehicle). The statistics also show 2 crashes
between motorcycles and vehicles. These resulted in 1 serious injury and 1 minor injury to
the motorcycle riders. There have also been a considerable number of crashes involving only
vehicles including: 2 cross-traffic crashes, 5 right against crashes, and 4 rear-end crashes.
These crashes have resulted in 3 serious injuries and 9 minor injuries to the drivers involved,
and 1 minor injury to a vehicle passenger.

In total, there were 6 crashes during 2005, 8 during 2004, 1 during 2003, 2 during 2002 and
3 during 2001. Further, 11 of the crashes have occurred during high-alcohol hours (22:00
pm — 05:00 am) and 3 others have occurred during early evening hours. All but 2 of the
crashes involving pedestrians occurred during high-alcohol hours, and 1 of the 2 remaining
crashes occurred at 21:45 pm. Unfortunately, it is not possible to determine from the crash
statistics information, the exact locations where the crashes occurred.

Conflict Observation Study Methodology

The traffic safety problems indicated by the relatively high number of crashes and, in
particular crashes involving pedestrians suggest the need for a conflict observation study at
the intersection. The aim of this type of study, in accordance with the prescribed Conflict
Technique developed by Hydén (1987), is to identify and quantify all unsafe interactions
between road users at the intersection during a predetermined time-frame. Any other road
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user behaviour that is observed and deemed to be ‘unsafe’ is also documented. The Conflict
Study was conducted during the time periods indicated in Table 2 below, and were carried
out by the Author (Archer) who has been specially trained in this technique in Sweden, and
has considerable experience in the practical application of this method for safety analysis
purposes. Weather conditions are also stated.

Table 2. Dates, times and weather conditions for the conflict observation study at the
studied intersection.

Date Observation Times Weather
Start End Conditions | Temperature
Friday, 9th November 21:00 00:00 Dry 15C
Saturday, 10th November 21:00 00:00 Mostly Dry 14 C
Friday, 16th November 21:00 00:00 Dry 18C
Saturday, 17th November 21:00 00:00 Dry 17C
Friday, 23rd November 21:00 00:00 Dry 19C
Saturday, 24th November 21:00 00:00 Mostly Dry 16 C
Total Time 18 hours
Results

Results are stated below in relation to the recorded conflicts and other unsafe behaviours
observed at the intersection.

Conflicts

In total, 23 conflicts were recorded during the 18 hours of conflict observation at the
intersection. The observations included 20 serious conflicts and 3 minor conflicts. 14 of the
serious conflicts, and 1 minor conflict occurred on Saturday evenings; 6 serious conflicts and
2 minor conflicts occurred on Friday evenings.
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Figure 4. Summary of conflicts occurring at the intersection.
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The conflicts are summarized in a standard Conflict Diagram where the speed of each
conflict in kilometres per hour is plotted against the Time-to-Accident (TA) value. In this
diagram, severity increases perpendicular to the line dividing serious and minor conflicts; in
other words, the greater the distance from the dividing line, the more severe the conflict.
The severity of conflicts increases with greater crash proximity (as suggested by shorter TA-
values) and higher speeds. The observations showed that 17 of the 20 serious conflicts, and
1 of the 3 minor conflicts, were between vehicles and pedestrians. The remaining conflicts
were all between vehicles. One of the vehicle-pedestrian conflicts involved a bus, and
another a motorcycle. All other vehicle-pedestrian conflicts involved private vehicles, i.e.
cars. All of the vehicle-vehicle conflicts involved cars, although 3 of the conflicts (2 serious
and 1 minor) involved taxis.

Almost all of the vehicle-pedestrian conflicts occurred on the pedestrian crossing on the
north-eastern side of the intersection. The only exception was a single conflict on the south-
western pedestrian crossing which involved a car and a pedestrian who crossed on red. All
but 2 of the vehicle-pedestrian conflicts on the north-eastern pedestrian crossing involved
approaching vehicles from south-west. Pedestrians had crossed on red in all vehicle-
pedestrian conflicts. Further, all pedestrian conflicts occurred on the left-side of the
pedestrian crossing against the oncoming stream of traffic.

All vehicle-vehicle conflicts involved vehicles approaching from the south-western leg of the
intersection. The first conflict involved a taxi parked outside the licensed premises pulling out
in front of an approaching vehicle (non-serious conflict). The second conflict (serious)
involved two taxis, one travelling in a straight ahead direction from the south-western leg
and a right-turning taxi approaching from the north-eastern direction. A similar serious
conflict of this type occurred between two private cars at a later date. Another serious
conflict involved a taxi making a U-turn on the north-western leg just behind the pedestrian
crossing. This manoeuvre caused an approaching vehicle travelling to brake suddenly. The
final vehicle-vehicle conflict involved a left-turning vehicle from the south-western leg and a
right-turning vehicle approaching from the north-eastern direction.

Other Observations

Besides the occurrence of conflicts in the interactions of road users other safety relevant
events that were observed during the 18 hours of observation were also recorded. All such
events are also documented by video-film recordings. The recorded events include the
following:

» High vehicle speeds in West to East direction and high percentage of vehicles travelling
at over 60 km/h

» Tendency for taxis to make a U-turn from outside the licensed premises on eastern leg
back through the intersection

« Parking and manouvring from area outside licensed premises on eastern leg causes
interaction problems with other vehicles and for pedestrians

» Cyclists passing through intersection on red (many without cycle lights)

» Right-turns from East to North direction could be better protected by full signal control
for this manouevre

« Tram lines represent safe refuge for pedestrians crossing on northern and southern
legs of the intersection

It was also noted that the lighting on the north-eastern leg of the pedestrian crossing was
poor. In some cases it was obviously difficult for drivers approaching from the south-western
direction to see darkly clothed pedestrians that had decided to cross on red.
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Conclusions

The observation studies conducted at the intersection show evidence of a significant safety
problem during late evening hours on Fridays and Saturdays. This problem is caused by
large number of pedestrians who disregard the pedestrian traffic signals on the eastern leg
of the intersection and cross on red despite the fact that there is poor lighting. This problem
is exaggerated further by high vehicle speeds for vehicles approaching from the west, and
the lack of a pedestrian island for protection midway across the eastern pedestrian crossing.
Most people making their way over this crossing are heading to or from the licensed
premises situated on the north-eastern corner. The conflict study also reveals the extent of
this problem; indicating 16 serious vehicle-pedestrian conflicts during 18 hours of
observation at or near this particular pedestrian crossing.

The conflicts also appear to corroborate the crash data. Unfortunately, the crash data was
not sufficiently detailed to identify exactly where in the intersection area these crashes
actually occurred. The data suggests, however, that many of the vehicle pedestrian crashes
occurred during late evening and early morning high-alcohol hours.

Pedestrian’s unwillingness to comply with the traffic signals appears to be the biggest
problem as suggested by the relative numbers who cross on red. The traffic safety and
engineering literature concerning factors that have a positive influence on pedestrian safety
suggests that ‘waiting time is an important variable, particularly at signalised pedestrian
crossings (TRL, 2005). The evidence suggests that the longer pedestrians have to wait, the
greater is the tendency for them to cross against the signal. Baass (1999) reports, on the
basis of a review of practice in Europe and North America, that the number of pedestrians
crossing against the signal increases significantly if the waiting time is longer than 40
seconds. TRL (2005), on the basis of previous and more recent unpublished literature,
suggest that 30 seconds is the maximum amount of time pedestrians are willing to wait at a
signalled crossing before they become impatient.

Currently, the signal timings at the studied intersection are such that pedestrians often must
wait in excess of 60 seconds during evening hours. The amount of waiting time is mainly
dependent on the vehicular traffic demand, and to a far lesser extent on pedestrian demand.
According to the literature, changing the signal cycle times to provide a maximum wait of 30
seconds may increase pedestrian signal compliance and may thereby reduce overall safety
risk.

The conflict data also suggests the need to ensure that right-turn manoeuvres from the
eastern approach can be made safely without any unnecessary exposure to vehicles
approaching from the opposite (western) direction. Right-turn against crashes are also
evident in the crash data. There also appears to be a safety problem related to vehicles,
particularly taxis, parking or waiting outside the licensed premises during evening hours.
Several conflicts were caused by these vehicles pulling out or making U-turns directly in front
of oncoming traffic from western approach.

A further problem at this intersection is vehicle speed. The speed of vehicles passing straight
through the intersection from west to east and vice versa without having to slow down or
stop for the traffic signals is often well in excess of the 60 km/h speed limit. The 60 km/h
speed limit is considerable given the high numbers of pedestrians and the large proportion
who cross on red. The traffic safety literature suggests that the probability for a pedestrian
to survive a crash with a vehicle at speeds over 50 km/h is minimal, and further that even
small reductions in average speed can bring about significant reductions in casualty trauma
(e.g. Josksch, 1993; Finch et al., 1994; Andersson and Nilsson 1997; Kloeden et al. 1997,
2001; Nilsson, 2004, Elvik et al., 2004; OECD/ECMT, 2006).
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Effectiveness of the Dwell-on-Red Function at the Intersection

The level of vehicular traffic at this intersection suggests that the Dwell-on-Red (DoR) signal
function is unlikely to be activated until well into the early morning hours, if at all. There is
an hourly flow rate of over 1,000 vehicles even at 3:00 am on Saturday morning according
to the measurements carried out in November 2006 (see Figure 5). At around 6:00 am on
Saturday morning the hourly traffic flow rate reaches its lowest level of approximately 400
vehicles per hour. Even at this level (6.67 vehicles per minute), it is unlikely that DoR will be
frequently activated.

The Dwell-on-Red is however, likely to succeed in reducing average speeds during late
evening and early morning periods when the levels of traffic are significantly lower, during
weekday high-alcohol hours Monday to Thursday and winter months. Data collected from the
intersection in July 2007 suggests hourly flow rates between Tuesday evening to Wednesday
morning of only 100 to 200 vehicles between the hours of 1:00 am and 5:00 am, suggesting
that there is good opportunity for DoR activation.

Given the hourly traffic flow rates and the nature and extent of the safety problems at this
intersection as suggested by the results of the conflict observation study and review of crash
data, it is unlikely that the Dwell-on-Red signal function will significantly improve traffic
safety by reducing the average speed level of approaching vehicles. In this particular
instance, it is likely that other solutions related to traffic signal regulation and intersection
design can provide more effective safety improvement.

Other Possible Solutions for Safety Improvement

Given what is presently know about the existing problems at this site, a number of possible
solutions can be suggested to improve traffic safety. These are intended as tentative
potential suggestions pending a more thorough investigation at the site by traffic planners
and engineers. It should also be noted that the solutions applicable at this intersection are to
some extent limited by the two sets of tram rails:

» A reduction of speed on all approaches to the intersection of 40 km/h during at least
high-alcohol hours (22:00 pm to 5:00 am). If possible, speed reduction should be
ensured by the introduction of additional measures: raised lines or speed humps on the
approaches; speed cameras; regular police enforcement, etc;

« The introduction of improved lighting over the pedestrian crossings;

e The introduction of a central refuge on the eastern leg pedestrian crossing given its
width and the tendency for pedestrians to go on red. If the refuge extends far enough
back, this would also prevent dangerous U-turns;

» A reduction in signal cycle times that guarantee pedestrians a maximum waiting time
of 30 seconds at least during high-alcohol hours. This may involve allowing the signal
controller to operate in isolation from the surrounding intersections. A reduction in
cycle times is also likely to bring about more stops and a reduction in average speeds
(as intended by Dwell-on-Red).;

« The introduction of clear ‘blackspot intersection’ signposting to warn of the potential
hazards and risks to drivers and pedestrians;

» Restrict parking outside the licensed premises to daytime hours and delivery vehicles
only; and

» Provide signal protection to right-turning vehicles from the eastern approach.
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