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11 conjiusetion with a natiomwvide motoreycle safery program, the provision of exciusive motoreycte lanes has bees implemenied
to overcome link-maotorevele aceidenrs along trunk roads w Mataysia. Hovwever, not such work has been done to address
wccidents ar junctions involving motoreveles. This articie presents the development of predictive model for motorcyele
accidents at three-legged nejor-minor priority junctions of arban rouds 1 Malaysic: The generalized linear modeling
echniqie was wxed to develop the model The final model reveals that motoreyele accidens are proportional to the power
of traffic jlow, A increase o novmotorevcle and smeioreycle flows entering the junctions is associated with an increuse in
cats. Nonmotorevele flove en major roads had the highest effect on the probability of motoreycle accidents
Approwct speed, lane swidth, nwmber of fanes, shoulder vidis, und land wse were found 1o be significant in explaining

matoreyele ace

motorcyeie accidents af the threce-tegued nugor-ranor priovity junctions. These findings shonld enable traffic engineers tu

specifically desivn appropriare function treatment criteria for nonexclusive motoreyele lane facilities.

Keywords
Motoreyele Accident Models; Motoreycle Accidents

statistics reveal that junctions are accident-prone areas be-
cause a large proportion of aceidents have been reported to oc-
cur at junctions (I'TE, 2002; PDRM, 2002). Despite improved
Junction design and more sophisticated application of raffic en-
ginecring measures, the annual death rall due to traflic accidents
bas not changed substantially inmore than 23 years (ITE. 2002).
Based on the present accident scepario, there is an urgent need
o specially design the strategic plans and programs for reducing
traffic accidents at junctions (ITE. 2000; NCHRP, 2000).

Previous studics on tralfic accidents at junctions or at links
with junctions have been mainly concerned with all vehicle
accidents (Affum & ‘laylor, 1996: Bauer & Harwood, 2000,
Mountain et al., 1998: Rodriguez & Sayed. 1999: Saied & Said.
2001 Tayloretal., 2002; Vogt, 1999; Vogt & Bared, 1998; Wang
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& leda, 1997). However, there is evidence that motorcycle ac-
cidents at junctions arc also significant (DETR, 1999; FORS,
1999. PDRM, 20012; Radin Umar, 1996; Summersgill. 1991),
and studies have highlighied that the chances of fatality and
injury to motorcyclists are much higher (han to passenger car
oceupants (Cesari, 1999: DETR, 1999; NIITSA, 2001; PDRM,
2002: Radin Umar. 1996). Therefore, more extensive research
in this arca, especially on motoreycle accidents at junctions, is
stropgly justitied.

Farly models of maffic accidents were developed using clas-
sica) linear regression, based on the assumption of normal error
structure with a constant variance. However, the use of gen-
eralized linear models (GLMs) (McCullagh & Nelder. 1989)
with Poisson or negative hinomial error structure has been in-
creasingly accepted as more uppropriate than the classical linear
model. The use of GLMs for the development of predictive mod-
els Tor traffic accidents, vtilizing either the cross-sectional or the
time series approach, has been reported by some researchers in
carlier studies (Bauer & Harwood, 2000; Mountain er al., 1996,

[e)
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Figure 1 A typical view ol an exclusive motoreycle hne in Malaysia

1998: Radin Umar, 1996: Radin Umar et al., 1993, 2000 Saied
& Said. 2001 Taylor et al., 2002; Vogt, 1999; Vogt & Bared
1998).

Since the introduction of the world's first exclusive motorey-
cle tune i Malaysw (Figure D, which was aimed at addressing
Iink-motoreyveke accrdents along trank roads. numerous stud
ies have been carned out 1o investigate the effect of such lanes
(Radin Umar. 1996
However, not much reseaich

on motoreyele acadents alonyg the roure
Radin Unmar e al., 1995, 2000)
has been done to address motoreycte accident problems at junc-
tons. Thus, 1t 1s necessary to carry out in-depth investigations
on factors contributing to motorcycle accidents at junctions.
Apari from addressing the exclusive lane criteria, such reseurch
woutld enable the design of appropriate junction treatment crite-
via specifically for exclusive and nonexclusive motoreyele lane
As an it effort. o predictive mode! for motor-
cycle accidents ac three-legged njor-mimor priovity junctions

factiiies.
has been developed. This article presents the development of
such model for urban roads in Malaysia. The GLAM approach
was wsed s study becuuse as its supenority in tratfic accl-
dent modeling studies has been well estublished. A log-lincar
cross-sectional model with Poisson and negative binomial er-
rovs (INAG, 1996 was incorporated 1o retine this model. The
estimation ol the parameters and rests of their significance were
carried out using the stasistical software GLIM 4 (NAG. 1994,
spectdly desig

wed for fitting generalized linear mode

TETHOD

In this sty atotad of 36 three-fegged mujor-minor prionity
tour districts of the state of
st were randomly selected. Figure 2 shows a
Adeyear period (1997

20001 of motoreycle aceident data on the selected junctions was
used mothis stady, The accident dase were procured fron thwe

pelice acoident recording form POL YT (Pin 1/91)
is speciadly destened for cusy completion (Radin Ui et al.
1092y and iy fully compatible with the TRI s

Jurictions focated at urban rowds in
Ml
typical junction sclected in tns swudy

selangor,

This form

Microcomputer

Junction.

Figure 2 A wypicul selecled junction in Malaysia.

Accident Analysis Package (MAAP: Hills & Baguley, 1993),
It should be mentioned that only fatal and hospitalized acci-
dent data were available in the MAAP files tor the study period,
Ay such, additional data was extracted from the Computerized
Accident Recording System (CARS) database for slight injury
accidents. The MAAP databasce is avaifable at the Road Safcry
Research Center, Universiti Putra Madaysia, while the CARS
database s located at the Royal Malaysian Police Headqguarters.
Different severity levels of motoreycele accidents were consid-
ered n this study. They were classified as futal, hospitalized.
and slight injury accidents. Juncuon accidents were defined as
any accident occurrinn within a 50 i distance from the corie-
sponding stop hine of the junction, Four-year injury motor
accident frequencies at the selected junctions are presented in
Figure 3 where the ratio of Fatsh:Serious:Slight Injury is about
12248,

Traffic How data used in this study were based on the es-
timated annual average daily trafhc (AADT) for cach sefected
Records of hourly traffic volume (disaggregated by
nonmotareyveles and motoreycles) coanted on cach approach
the junction were converted tothe AADT using hourly. daily, and
monthly fuctors. Such fuctors were developed using the 24-hi p
manent traffic count stations and traflic census data (zw,xlnl*. C
the Highway Planning Unit Ministry of Waorks Malaysia (HPU.
200 ab). These factors were based on the method proposed by
MeShane ot al (1998 The AADTs were expressed in terms of
number of nonmaotoreycles per day (nmpd) and motorey
day (mpd). The AADT for nmpd on major roads ranged imm
144491047834 and on minor roads from 3.812 10 19.120. while
for mpd it ranged [rom 4,252 (0 19.646 on major roads and from
138210 3
to all types of motorized vehicles excluding motorcycles.

The junction geometry (lane width, number of lanes, and
shoulderwidth), tratd rian How.
selected junctions were also considered in the study, The junc-
tons were sefected based on the [ollowing conditions: There had

e

869 on minor roads. The term nonmororeyele velers

icspeed. pedest L and Jand use atthe

heen only marginal or isignificant change ie fand use, no mu-
jor modiiications or upgrading. no raised istands, and anegua!
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pumber of lanes on the corresponding nrgor and minor road
approaches. The junction geometry, approach speed. and pedes

i flow were measured on sile because such data was noi
available in the datbase. The data were collecied on site s
ng sinular assumptions made in an carlier study (Golias, 1997)

The 85th pereentile speed was used 1o represent approach speed
at cach junction. Such an approuch speed was also considered
inan earlier study on traffic accidents at roundabouts (Amdt &
Troutbeek. 1998). Approach speeds were measured al a distance
0t 50 m upstreant from the corresponding stop lines of the junc-
tions. Pedestrian fHow at cach junction was defined as the total
number of pedestrian crossings per hour recorded on major and
minor roads. Lane widih on major and minor roads ranged from
3310 4.2 moand from 3.4 w 4.0 m. respectively, The number
of lunes for respective major and minor roud approaches ranged
fr 1o 3 lunes. Meanwhile, the average shoulder width on
major and minor roads ranged from (.0 w0 1.2 m. The approach
speed ranged from 50.0 10 66.5 km/h while the number of pedes-
irian crossings ranged rom 0 ro 109 pedesirian/hour,

Meanwhile, land use at each selected junction was also ob-
served dunng site data collection. Land use was classified into
twa categories: commercial and noncommercial arcas. Connner-

cial areus were identified as those arcas with concentrations of

offices. shops, railway stations. and bus stations. The noncom-

mercial areas were identified as being residential or unused. Of

the 36 junctions, 21 junctions were located in commercial arcis
and 15 in noncommercial areus. Bt should be noted that Junc-
uons located in commercial areas with access roads within a dis-
lance of 30 m from the junction stop lines were excluded in this
study.

Before undertaking the statistical modeling. some mujor fea-
wresfor the modeling process had to be prepared: The theoretical
model had to be formulated. the error structure and link function
had to be specified, the variables of the model had to be identi-
tied, and the goodness-of-tit and significant tests had to be de-
fined. OECD (1997) has suggested that the choice of regressors

Mutereyele aecident roguencies al the selected janciions

shoutd primarily be bused on the theory used. the questions o be
amywered. and professional knowledge rather than the mutuple
correlation and curve-fitting ambition. Taking this suggestion
nto account. the vanables of the model were defined.

in this study. the response variable was the number of motor
eyule accidents and the explanatory variables were tatfic Hows
thisaggregated hy nonmotorcycle and motoreyele), pedestrian
fHow, traflic speed, lane width, number of lanes, shoulder width.
and land use. The continuous variables were identified as traf-
fic low, pedesirian low. tratfic speed. tane width, and number
ot lanes. while the categorical variables were shoulder width
(SHDW with 3 factor levels and land use category (LU with
2 factor fevels. The data on junction geometry showed that the
number of tanes for all minor road approaches was equal to
one (N1 = 1), Therclore, this variable wus excluded w the
analysis,

Taking into consideration the carlier studies on junction ac
cident modeling, the theoretical model which contains all die
terms used in this study is as follows:

MCA = k QNMin” QNMn" QMm™ QOMn“* QPEDC

EXPW' SPELL R0 EWret g0 W o i 8 ENm - s SHDW LU0 "
({

where MCA s motoreycle accidents (response variable), while
the explanitory variables and the descriptions are presented in
Table I The koo vz, as,ws. il fa. Bay Bay Ba, and B are the
coefficients to be estinuted and the e term s the error represent-
ing the residual difference between actual and predicted models,
Using a logarithmic transformation, the Jog-linear version of the
model Is

La(MCAT = Lotk + o LofQONMm) -+ - LniQNMn)

+ o2 Ln(QMmy) - e Ln(QMn) + a5 Ln(QPED)
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Explanatory variables: Descriptions. factoe fevels, and coding systeny i GE (M

foxplaoutory sanablies Descripiions.

QONNm

Factor fevels Coding

Nonmotoreycke low on magor road QNM (noamuatarcyeles/day
QNMy Noumeotoreyele thow on nunor road QNM (nonmotoreycles/day
QMm Maotoreyvele How on oiyor road QM (mutorcyelesiday)
(M Matoreycle ow on minor road QMn (motoreyelestday)
QPED Pedextrian flow on major and ninor roads QPED (pedestrians/hourt
SPEED Approach speed on magor and minor roads SPEED (knmyhout)
LWm Average tane width on suajor rond LWmm)
LLWn Average lane width oo minor road LW e
{_Nm Nunither of fnes on mujor voad ENm anesfrafiic direction
Lo Number of lanes an nnor tead LNn {lanesfralfic direciion)
SHDW Average sboukler width on major 3 1) SHDW = 0.00m
and minar roads (20000 = SHDOW < 140 m
(31 SHDW = LI
1 Lind use witlegory 2 i1y Noncommercial wen

(2 Commeraal area

= A USPLED Y & goit Wi 4 Bl Wiy

oo (ENm b g SHDW )Y — Sl - ¢ i)

The sowl F-year accident trequencies were used 1o it the
models. However, by introducing an oflset vartable (the tenm
logiin the fitting process, the inal model would estimate the
number ot accidents per v

r. This approuch had been used in
anearlier study on traffic accrdents at junctions i Mountain et al..
fUYRY

Larhier stadies on yunction accrdents  Mountain et al., 1998:
Rodriguer & Sayed. 1999 Sated & Said. 2001: Vogl. 1999 Vogt
& Bared, 1998 or on hinkh acerdents tMountain et al 1996
Radin Umar. 19961 Radin Uimar et al., 1995, 2000: Taylor et al.,
2007 used Porsson and pegative binomial models 1o deseribe the
distribution of accrdent oceurrences. Maveovk and Half (1984
reported that the negative mnomial analyvsis did not show any
stgnilicantly difterent results compared to the Poisson analysis.
Viewnvhile, Migou (1994 reported thar the Porsson and nega
tve binomial models had thewr uses, with negative binomial 1o

bo preferred 1 the data were sutheiently overdispersed. Bauer
and Harwood (20007 used the Poisson, log-normal, and nega
tve briomiad distnbutions Tor modeling accidents ac junctions.
Uhe generdd shape of accident frequency distribution was visu-
Al assessed by plottng the data o aceidenm regueney 1or each
catesory al junctons considered.

Ui the bases ol these cartier studivs, the maodel (Potsson oy

cative brnomaaly used fn s stad v woas based onthe goodness-

SQHest carrted out on thie observed aeerdent frequencies. De-
vianee wis used as wmewsure of goadiess-of =it of the models
(NACL 994 19901 The minimun deviance generated in the fit-
tng process was considerad, as the observed frequencics were
the closest Bt to the theorctical frequencies bemng analyzed. In
addition. iy potiests st an the 5% signiicance level (p = 05)

WS T

s out o selecuny the maoded
bt stady, the gquase likehhood spproach (vicCullugh &
> i | R

NMelder 198Gy s used fo overvene tie dispersion prablem.

This approach had been usetulty employed m carlier studies on
motorevele accidents (Rudin Umar, 1996 Radin Unwar et al.
1995, 2000). The dispersion parameter was estimated from the
mean deviance (scaled deviance over its degrees of freedomy,
This may fornt a model with scaled deviance equal to s degrees
of freedont. The tinal model was based on the goodness-of-tig
and the significance test carried out on the models, such as the
change in scaled deviance from adding or removing the terms,
the ratio of scaled deviance to its degrees of freedom (mean
devianve) and ¢ statistios of the parameter estimates significant
at the 5% level.

Muldtivariate analysis was employed in this study, Such anal
ysis allows for assessment ot the variable(s) with the biggest
inpact on the probabitity of motorcevele accidents, Univariate
analysis was alse employed in this study (ourside of this article)
to obtain & complete picture of the effect of ull explanatory vari-
ables on motoreycle accidents. 1t should be noted that only those
variables found significant at the 5% level in univariate analvsis
were nchuded in the multivanate analysis,

RESULTS

The goodness-ol-fit test carried out on the Poisson and nega-
nve binomial models revealed that the Poisson model had aslizhi
edge over the negative binomial in explaining the varianon of
accident oceurrences. Deviance (1) Tor the Poisson model was
G009 with 12 df, winle the devianee (D) for the negative bi-
nomiad model was 900 with i1 df. The bypotheses test alsuo
confirmed that the Poisson madel was statistically significant
(p = 05 mrepresenting the variation of accidents under con-
sidevation. Since the Poisson mode] was used and « log-lincar
cross-scectional model was employed. the link function theretore
would be specified as the log (NAG., 1994,

The prelimmary analysis tunivariate) found tha the wrm
QPED was not signidicant wt the 5% Jovel, This werm there
fore wan excluded from any further analy<is, The mudivarate
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table 1 Mufovanate analy s of e s
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(I8 0200 5.0 220 32 NINA HY Noy RITEN

(AN U3 RISE 113380 3 Un 308 Yoy
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Coroeticients fop factors

tasis of the terms (Table Hy shows that all explanatory van-
anles were significant af the 3% level, The scaled deviimee was
cyual toats degrees ol freedom, as the quasi-Bikelihood approach
lad been introduced in the itting process. The svaled deviance
changed from 370700 10 240 with w loss of T The moan
devianee changed from 1,631,010 1.0

Based on the multivariare analysis, the final model is

MCA
— 0.0039294 ONMm I ON M OMm 1 QT
SHInG

E\Pm-\.‘."'w\f‘lilli‘ Do T3 o e ) W ihTax b Ny R

oS}

(3}

where MCA 1s motoreycle accidents per year: fis = 0.0, 0.00903
and 0.02099 for SIIDW = 1. 2,

and 3. respectively: 4, = 0.0
and 000755 tor LU = 1 and 2. respectvely,

PLICATION GF THE MODEL

In order 10 determine an appropriate intervention level for
junction trearment. friendly use software {(Figure 47 was specil-

Figure 4

Data example

are difterenaes comprred with the seferene foved vhi

wally destgned 1o estimate motoreyele acendents at junctions,
expressed i personal injury accidents (PTAs) per year The PIA
tor this examnpie was 2,278, By setting un acceptahle PUA finae,
appropriate design parameters for the junction could be speci
ficd. This would alow yoom for engineess to decide appropriate
design parameters for the juncbons.

DISCUSSTON AN

D OONCLUSION

The present model suggests that trafic fow 1y signiticant
in expluining motoreycele aceidents at three-legged major-mimor
priority junctions. The number of motoreycle accidents is pro-
portional 1o the power of raflic How entering the junction. The
estimates of QNMm. QNMn, OMm. and QMn indieate that an
increase in nonmotoreyele and motoreycle flows on major and
iinor road approaches is associated with an increase m mo-

toreyele accidents. Tar mstance. doubling nonmotorcycles on
a njor road s expected o increase motoreyele accidents by
about 164 . while doubling nonmotorcyceles on both major and
minor rouds is expected to increase motoreycele accidents by
about 219 Doubling motoreyetes on both major and minor
roads is expected o increase motoreycle accidents by approx
imately 23610 all rratite entering the juncuon were doubled.
an ncrease of 444% i motoreyele accidents would result. Tt adso
wis found that nonmatoreyele low on a major road (QNMm)
had the greatest effect on the probubility of motorcycle acci-
dents. [t therefore is suggested that motoreyclists, on bath major
and minor voads, entering and Jeaving the junctions should pay
attention to nonmotoreycle flow on a major road.

The model also reveals that approach speed and punction ge-
ometry (lune width, nuinber of lanes, and shoulder widtihn are
significant in deseribing motoreyele accidents. The estimaie of
SPEED explaing that an increase iy approach speed is assoct-
ated with an increase in motorcycle accidents. For instance. an
incrense in approach speed of 10 km/n s expueeted o increase
motoreycele accidents by about 26%.

The estiimates of LWm and LWoomply that o wider lune
is associaied with a reduction 1 motoreycle aecidents. For in-
stance. widening lane on major and minor roads by .30 m i
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expected 1o reduce iotoreyele accidents by about 5% and 3.5%.,
respectively.

Meanwlhile, the estimate of LNm indicates thal an inerease in
number of lunes on a major road is associated with a reduction
wt motoreycle accidents, However, the effect of this variable on
motoreycle aecidents is margiat (0.74% ). The 0.74% reduction
i motoreycle accidents is probably due to the presence of the
exclusive tarning lanes on @ major road, as 24 of the 36 junctions
were furnished with exclusive turning lanes on cach major road.
Fhe presence of such anes probably reduced rear-end accidents
mvolving motoreycles.

The estimates of SHDW indicate thar wider shoulders are as-
sociated with w reduction i motoreycie accidents. For instance,
motorevele accdents an junctions without shoulders were about
2.1% higher than those at junctions with shoulders wider than
FO0 m. Motoreyele accidents a junctions without shoulders
were about §.9% higher than those e junctions with shoulder
widths of between 0.00 myand = 1.00m, The finding seems plau-
sible since motoreyelists utilize available shoulders as a travel
path when approaching the junction. This 1s common i coun-
trics with a high population of motoreyeles such as Malaysia. In
this sttaatton, the rates of rear-end or sideswipe accident types
hetween motoreycles on the shoulder and other vehicles on the
way traveled are probably reduced.

Ihe model reveals that land use is signiticant in explan-
ing motoreyele acesdents, The estimate of LU indicates that in-
creases i activities i fand use al junctions are associated wuh

anincrease i maotoreycle accidents. However, the difference
i expected motorevele accidents between these two Jand use
valegorios was marginal (0.70%). This is probably due (o the
abaence of acvess roads within 30 m ot the Junchon stop lines
for selected junctions focated within commercial arcas. As such
the numbur of conflicts between vehicles entering or leaving the
nenction and velucles turning in or out o the land use may have
been fow, thus reducmy accidents,

Based on ihe iindings, the following conclusions may be
draven

Eoraffic How s significant in explaining motoreycle accidenis
ar three-lewped major-nunor priority junctions. The mumber
ol motarevele acordents s proportional (o the powee of trafhic
How entering imto the junction. Ap increase in motoreycle and
nonmatoreyete fows entering the junction is associated with
anmerease i motoreyele accidents, Nonmoioreyele flow on
major roud had the Lighest effect on o the probability of
moiorevele accidents.
Approach speed on major and minor road approaches is sig-
nificant moexplaning inotoreyele accidents. An ncrease m
approcch speed is assoctaled with an increase i matoreycle
accidernts.
Voo hmction geometry dune widih, number of lanes. and shoul-
der wdthy s sigmaficant w explaming motorevete aceudents,

Wider Janes. u grester nunber of e, and wider shoulders

Are assochred with a reduction in motoreyele accidents,
ELand vse ar junctions is found o be signiticant i explaining
motorcvele accidents, Motorevele accidents at junctions lo-

S HARNEN ET AL

cated within commercial areas are higher than those located
within noncommercial areas.

Phe prediction model has been developed tfor moioreycle ac-
cidents at three-legged major-ininor priority junctions on urban
roadds in Malaysia, Based on the model developed in this study,
appropriate design parameters for the junctions could be deter-
mined for a given cut-off level of motorcycle accidents. The
decision whether to allow motarcycles to pass through a june.
tion without treatment or the need for special end treatment 1o
minimize motoreycle conflicts at the junction (Shahrom, 2003)
could be objectively carried out based on this model. However.
this model might be valid for only a typical mixed tratlic envi-
roenment in developing countries tike Malaysia, where the pro-
portion of motoreycles constitutes 25% to 30% of all vehicles
using three-legged priority junctions,
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