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Left-Turn-On-Red Traffic Scheme in Singapore

lEFT-TURH-OH-kED (LTOR),
THE EQUIVALENT OF NORTH
AMERICA’S UBIQUITOUS
RIGHT-TURN-ON-RED, WAS

INTRODUCED IN
' SINGAPORE IN 1997.

PRESENTLY, MORE THAN 40

LTOR TRAFFIC CONTROLS

ARE IN OPERATION IN
SINGAPORE. AN

~“EVALUATION STUDY

REVEALED A S,UBS'EANTIAI.
REDUCTION IN PEAK-HOUR

INTRODUCTION

In Singapore, traffic signals are the pre-
dominant type of traffic control at major
intersections. Conflicting movements are

segregated by means of phased signal indi-

cations. More than 1,100 waffic intersec-

tions are under signalized operation.

Where left-turning volumes-are high’
‘and land space permits, channelized left-

turn slip roads are constructed at signal-
ized intersections in- Singapore. This
allows vehicles to turn left and merge
with the cross-flow under a “give way”
control. It should be noted that Singa-

. pore operates a right-hand drive system

similar to that in the United Kingdom.
In April 1997, the Singapore Land
Transport Authority launched the left-
turn-on-ted (LTOR) scheme, a traffic
management practice that is equivalent
to right-turn-on-red (RTOR) in North
America. LTOR traffic control permits
motorists to turn left on'a red graffic sig-
nal indication after stopping and giving
way to conflicting vehicles and crossing

tion {LTOR in the United States) has
been permitted by some U.S. jurisdic-
tions, although it has been applied
strictly ac the intersection of two one-way -
streets. Except for the distinction made
here, this scheme will not be covered any
further, In this feature, RIOR (in the
United States), LTOR (in Singapore) and
TOR are used interchangeably and rcfcr
to the same scheme.

TOR TRAFFIC CONTROL

The application of TOR traffic control
originared in the United States, and most
associated research studies have been
based on the American experience with

- RTOR. The RTOR scheme was intro-

duced in New York City in 1924 but was
discontinued in 1937, Also in 1937,
RTOR with an authorizing sign was per-
mitted in California. In 1947, RTOR was
changed to a generally permissive system
that -allowed motorists to tusn right on
red unless a sign prohibited such turns.
RTOR spread gradually to other states
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VEHICLE STOPPED DELAY

AS A RESULT OF LTOR
' -OPERATION. OVERALL,

'I'HERE was A SMAI.l

_INCREASE IN ACCIDENT
" OCCURRENCES.

pedestrians:
[TOR in Singapore began with two

intersections. The scheme was progres-

“sively expanded to more than 50 intersec-

tions within a -year, and more
intersections were added in later years.
LTOR was removed ‘at certaifi. 1mpIe—
mented sites that subsequently experi-

enced unfavorable conditions. Presently, - -

more than 40 ITOR traffic controls are
in operation.

This feature describes the unplemen—
wtion of the LTOR traffic scheme in
Slngaporc A brief
review concerning the
application of and

“issues surroundmg RTOR/LTOR is pre- .
. sented. In addition, the results of an
“evaluation study on the vehicle stopped

delay and accident experience at LTOR
intersections are reported.

It should be noted that, in recent
years, -turning on red in the other direc-

adopred during the 1970s when the fed-
eral government linked RTOR imple-
mentation to eligibility for federal
funding as part of an effort to put all pos-
sible energy éfficiency measures into
effect. By 1977, RTOR under the gen-
erally permissive rule was effective
nationwide at a high percentage of sig-
nalized intersections.

The application of RTOR has been
extended further in some jurisdictions to

~allow part-time RTOR during periods

when there are relatively few conflicts.>6
The TOR scheme is touted as providing
a number of benefits, including reduced
delays (time savings); reduced pollution

at intersections and less energy consump-
tion! (energy conservation); and small

" increases in intersection capacity and

level of service, in some cases.
The implementation of RTOR in the
carly years, especially under the generally
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Figere 1. Signoge at a LEOR intersection in Singapore.

permissive rule, brought a fair amount of
controversy. Those in favor of RTOR
“ cited the benefits of the scheme; oppe-
nents claimed that RTOR traffic control
contributed to an increase in vehicle-
. pedestrian and vehicle-vehicle accidents.
The underlying non-uniformity in
RTOR formats also created a high acci-
dent potential for interstate drivers.
These concerns led to a-number of
studies on RTOR (particularly concerning

its impact on safety) and to the develop--

ment of guidelines for RTOR applications
and/or prohibidons.”-10 A fairly recent
report by the National Highway Traffic
Safery Administration to the U.S. Con-
gress concluded that “There are a refatively
small number of deaths and injuries each
year caused by RTOR crashes. These rep-

resent a very small percentage of all '

- crashes, deaths and m]uries ”11
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It appears that RT'OR has not resulted -

" in the deterioration of Safety in any sig-

nificant way, but it is fair to say that acci-
dent risk, although small, remains largely
unpredictable, S

THE SINGAPORE LTOR SC_HEME

- The ITOR schemie- in Singapore is
functionally the same as the RTOR system -
in_ the Unired States, but' the qualifying
conditions are more stnngent ‘The typical -

- Jayout and associated ‘signage at a ITOR - - .
intersection are depicted in Figure 1. Can-
didate intersections are chosen carefully -

and possess the following characteristics:
* Sight distance/speed environment:

Adequate sight distances that allow -
road users to have a good, clear view _
of the surrounding traffic situation;
without on-street parkmg, moderate -

to low vehlcle operaung specds

* Geometrics/lane “arrangement:

~ LTOR movements from a single lane '

with adequate (non-acute) turning
radius and wide receiving (entry)
lanes; U-turn by cross-road eraffic’
disallowed and no right turns. from
o'pposing approach if at cross-inter-
sections; LIOR installed prln(:lpa.ﬁy '
at side roads of T-intersections. -
* Pedestrian/vehicalar activities: A gen-
etally low number of crossing pedestri-
ans and away from routes often used
by young, infirm and disabled petsons

" such as in the vicinity of primary

schools, retirement homes, hospitals,
etc; a relatively low' cross-road con-
flicting traffic volume; a fairly heavy
- traffic demand in the LTOR lane,

.'Acc1dent history: Only low-acci- -

dent sites considered for’ LTOR
1mplementat1on
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LTOR is opetated full-time under a
sign permissive rule: A vehicle can make a
[TOR movement only at those intersec-
tion approaches that are signed to permit
LTOR (see Figure 1). In February 1999,
the legend for LTOR signage was
enhanced by replacing the previous “GIVE
WAY—Left Turn On Red” with “Left
Turn On Red—STOP Before Turning.”12

This informs motorists in stronger
terms to stop at the intersection before
proceeding to perform the LTOR
maneuver. Mororists failing to do so are
liable to pay up to $160 (U.S. $93) for a
pecuniary fine or up to $180 (U.S. $105)
together with four or six driver demerit
points for failing to give way to oncom-
ing vehicles or pedestrians, respectively.

Apart from the LTOR signage, an
additional sign reminds LTOR mototists
to give way to pedestrians and main road
traffic. Signs also alert cross-flow
motorists and pedestrians to the presence
of LTOR vehicles. These signs are classi-
fied as regulacory and have white lecter-
ing on a blue background, except for
“STOP Before Turning,” which shows
black fettering on an amber background.

Given the novelty of the scheme, the
Singapore Land Transport Authority
implemented an elaborate set of sigas to
alert road users to this new traffic man-
agement practice. The signage appears
wordy but, given the low speed environ-
ment, legibility is not a problem. Clarity
of meaning using word messages serves
to educate road users on the LTOR

scheme. The signs are repeated to rein-

force the message.

The positioning of signs for LTOR
motorists is effective. Therte are two road-
side LTOR signs (one close o the curbside
primary signal pole) for motorists on the
approach. Another ETOR sign adjacent to

* secondary signal pole is targeted at

motorists in the vicinity of the stop line.
This elaborate signage has a potential

. advantage in the sense that when these

muldple signs are dismantled due to de-
commissioning of LTOR at particular loca-
tions, their absence is quickly noticed and
the change is effectively communicated.
Apart from the comprehensive on-site
signage, the scheme was publicized heav-
ily when it was implemented, including

the following;

* Media release the day before launch
and press report the day after launch;

*+ Monitoring and guidance during
the first week by on-site enforce-
ment officers from the Land Trans-

port Authority and traffic police;

* Distribution of leaflets to residents
living nearby;

* Dissemination of information to
students at nearby schools;

* Publicity by neighborhood commu-
nity centers; \

* Publicity in Singapore Automobile
Association’s magazine and Web site;
and 7 '

* Publicity in Singapore Nartional
Safety Council newsletter.

Subsequent to the implementation of
LTOR control, 17 LTOR traffic controls
were removed as a result of changed site
conditions and/or unsadsfactoty perfor-
mance. Increases in pedestrian traffic, low

lef-turning vehicular traffic and feedback

from road usets (some on printed mass

media) also led to the removal of LTOR

traffic schemes. As of early 2003, a total
- of 44 TTOR +raffic controls were operat-

ing at 43 intersections.
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Vehilcle stopped delay (secénnds per vehicle}

AMK ) JwW
Junction

PN

Figure 2. Comparison of vehide stopped delay at three intersections in Singapore {5:00 p.m. to 6:00 p_.m.).'
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EVALUATION STUDY AND RESULTS
301 ~ An evaluation study was conducted to
25 study the impact of the Singapore LTOR
[ Before scheme ‘in terms of peak-hour vehicle
20 | g Shortly after stopped delay and before-and-after acci-
e {ELong after dent counts. The vehicle stopped delay data

were collected at the LTOR appioaches of
three intersections using the ITE method,
whereby stopped vehicles along each
LTOR approach were enumerated at short
intervals (15 seconds in this study).13

* Stopped vehicle delay was studied for
three periods: within a month before’
{before, in 1997); between 6 to 12 months
after (shortdy after, in 1997/1998); and
several years after (long after, in 2001)
['FOR implementation. Each observation
period lasted for one peak hour (5:00 p.m.
to 6:00 p.m.) on a typical Weekday under
dry weather conditions.

The results are shown in Figure 2,

which shows that traffic on the LTOR

- approach experienced a significant reduc-

tion. (73 1o 86 percent) in stopped delay
after LTOR implementation, followed by
minor changes in the long run, as shown
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in Table 1. The three studied intersec-
tions were typical LTOR sites.

Accident situations were examined for
LTOR intersections (36 total) that had
accident data for at least 12 months after
LTOR implementation. The accidents
were reported fatal and injury (KI)
crashes located within 20 meters of the
intersections, as extracted from the traffic
police computerized accident database.
Because accident details such as pre-crash
movements ot signal indication status
were not coded, the KI crashes were ana-
lyzed at the intersection level only.

For each intersection, the maximum

“after” duration (with respect to its .

LTOR implementation date) was identi-
fied and an equal “beforc” duration was
applied. The changes in accident rate

(accident counts per year per intersec-

tion) for the 36 ETOR intersections. are
shown in Figure 3. The “before” accident
rate is scaled by the ordinate (vertical
axis) and the amount of change in the
accident rate by the abscissa (horizontal
axis). It should be noted that LTOR
intersections generally had relatively low
accident occurrences. On average, about
three in five intersections experienced an
incremental increase in accident occur-
tences after adopting LTOR.

~ The accident counts at the LTOR
intersections also were stratified by sever-

.. ity and nature.of collision,. as.shown in

Increase

* Note: 36 data points

Figure 3. Changes in accident rates at LEOR intersections in Singapore.
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Figurés 4 and 5. The (average) annual
accident counts for the aggregate sample
of 36 LTOR intersections increased by
17 percent after LTOR adoption. Slight
injury accidents increased by 22 percent;
serious injury accidents were reduced by
62 percent. Fatal accidents comprised
approximately 3 percent of all KI acci-
dents in the “after” period. _
The distribution of accidents by
nature of collision shows that collisions
between moving vehicles increased sub-
stantially, at about 39 percent after LTOR
. adoption. There was, however, a notice-
able decrease in accidents berween vehi-
cles and pedestrians, at about 43 percent.

DISCUSSION

The American experience with RTOR
shows that TOR implementation usually
started off on a limited scale. Then, as road
users became more familiar with the prac-
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Figure 4. Before and after accidents at LTOR intersections in Singapore (by severity).
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Figure 5. Before and after accidents cf LTOR infersections in Singapore (by nature of colfision).
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tice over a period of time and its advantages
were seen, it was followed by widespread
application.

In Singapore’s context, the LTOR
scheme is basically a new traffic manage-
ment practice. Its operation in the last few
yeatrs can be considered a protracted trial.
Because it is relatively new, the performance
of the ETOR scheme should be rescarched
carefully to assess its impact on various
users.

The results of this study show that
tangible benefits can be accrued in the
form of reduced stopped delay for LTOR
vehicles, which was found to be main-
tained over time. However, on-site obset-
vations revealed incidences of LTOR
motorists not observing the mandatory
stopping requirement and/or pedestrians
using the crosswalk when the pedestrian

signal was not in their favor. A small-scale

perception survey found that pedestrians,
as compared to drivers and bus com-
muters, tended to be more critical of the
LTOR scheine. Future studies should
cover the behavior of motorists and
pedestrians and their interactions. 14
LTOR control was installed princi-
pally at the side roads of T-intersections.
The average annual count {in the pre-
implementation period) was about 0.4
crashes per LTOR intersection compared
to about 0.7 crashes for the population of

should cover the behavior of motorists and
pedestrians and their interactions.”
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