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Abstract: Opting the arm-basc approach, this study develops the logic for the most [requent
types ol angle accident at four-legged signalized intersections. Microscopic analysis ol the
vehicle movements is developed considering the disturbance and drivers reactions having two
indispensable premisces — one is the encountering ol an obstacle vehicle, and other is that the
forthcoming vcehicle driver lailed to avoid the collision. The study illustrates several models to
¢numerate the liaison between accident frequency and some cexplanatory variables  that
covered both flow and design characteristics ol the intersection using Negative Binomial to
counter the overdispersion issuc usually discerned in accident data through maximum
likclihood cstimation. The upshots of the models exhibits the influcnee of eertain variables on
angle accident which fruitfully explain the mechanism accident and can assists management
to take certain meticulous countermeasures against that types ol accident to lessen the
accident frequency and continuously monitoring ol this urban malaisc.

Key Words: Intersection  accident, Microscopic  modeling, Angle accident, Negative
Binomial Modcl.

1. INTRODUCTION

The invention of automobile brings some demerits and among them the most perilous and
aching is trallic accident. Urban arcas and intersections have the highest population-based
rates ol both injury and property-damage crashes. The problem of trallic accident in Japan
also scrious and lar from the satislactory level because total accident cost is still high (about
5.03 trillion yen in 1994) although the latal accidents decereasing in recent years. According to
IATSS’s statistics in 1999 the total number ol trallic accident is about 98 times and injurics
arc 121 times higher than dceath cven alter controlling the vehicles and investing a huge
amount ol moncy, which suggests that greater attention should be focused on reducing the
numbcr scverity ol crashes in urban environments.

About 58.4% accident of total and 45.2% fatality at intersection (in 1999) clevate the
importance ol intersection accident where most [requent accident type is right-turn accounting
25% 1o 1otal followed by rear-end type (24%). Right-angle accident sullers the worst records
having 33% fatality and 45% ol lceft-turn accident was involved with motoreycele accident.
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These striking  lcatures invigorate to c¢nliven the microscopic model for these types ol
uninvestigated angle accident.

Ellorts to reduce the number and severity ol intersection crashes have been hampered by a
lack ol inlormation about types ol crashes (Rattering et al, 1995) and the recognition ol the
mcchanism ol accident occurrence (Wang Y., 1998). Although clearly identifiable blackspots
have been removed [rom the Japanese highway system, but recent incrcase ol intersection
accidents  (specially - vehicle-to-vehicle angle accident increase  16.1%) indicates  that
conventional countermeasures are not cllective in reducing certain types ol intersections
accidents and new comprehensive countermeasure against trallic accidents arce urgently
required (“Five-year™, 1996).

Modecls to estimate the probability of three types ol vehicle-to-vehicle angle accidents ol four-
legged signalized intersections on the basis ol arm-base microscopic approach considering the
occurrence of disturbances and drivers reactions arce provided in this paper. They arce based on
the data from 190 interscctions in Tokyo prefecture, which includes blackspot intersections,
identilicd by ITARDA (Institute for Trallic Accident Rescarch and Data Analysis, 1998).
Several insights will be investigated including reclassilication ol intersection accident, the
establishment of a relationship between the [requency ol collisions to various geometric and
trallic related environment considering the interaction ol two vehicles drivers® pereeption and
reactions behavior. Finally, there are some suggestions on how the status of intersceetion
knowledge’s might be improved and hence reduce the probability ol some scvere angle
accidents at four-legged signalized intersections. :

2. MICROSCOPIC ACCIDENT MODELING

Most of the previous rescarchers have attempted three approaches to relate accidents to
geometric characteristics and traflic related explanatory variables: Multiple Lincar regression,
Poisson regression and Negative Binomial regression. The rescarch on trallic accident shows
that multiple lincar regressions suller some undesirable statistical properties when appliced to
accident analysis. Minou ct al. (1992) used a Poisson regression modcel, which discovered the
Poisson model limitations that the mean and variance ol the accident [requency are cqual. In
most accident data, the variance ol the accident [requency exceeeds the mean and the data
would be overdispersed. Minou (1994) and Shankar ct al. (1995) have addressed the
overdispersion issuc by using Negative Binomial regression.

All the previous studics related to intersection did not consider the arm-basc approach. Poch
et al. (1996) and Hall R.D. (1986) conducted arm basc approach to predict the accident
frequency on intersections of principal arterial and concluded that Negative Binomial
regression is a powerlul predictive tool and arm-basc approach reveals many unknown
characteristics ol intersection  accident  [requency  which  could lead o design  the
improvements and remedial measures. Based on the microscopic analysis, Wang Y. (1998)
studicd microscopic analysis ol vehicle movements. But all these previous studies did not
develop successtully which can cexplain the gencral recognition of angle accident  at
intersection. This rescarch advanced a reasonable method lor developing intersection angle
accidents.
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2.1 Accident
Pattern

Classification by

Scveral rescarchers try to - classily
urban accident in  dilferent  ways.
Among them ‘the most common is
categorization by initial impact type.
Il however, 1o understand  and
analyzc¢ accidents at intersections, it is
better to reclassily accidents in order
to rclate them to the lows to which
the two colliding vcehicles belong.
Genceral Motors Rescarch laboratorics
started accident classilication in 1968
(Perkins ¢t al), which sccks to
analyzc the interaction ol the driver,
vehicle, and roadway at intersections.
Haucer ¢ al (1988) and Rettering et al.
(1995) classificd vcehicle-to-vehicle

O L
J accidents at signalized intersections
into scveral  patterns based  on
precrash driver/vehicle behavior that
would provide inlormation about the
most common circumstances
associated with urban crashces.

~ | | 1

Notes: RE-Rear End: AG-Angle: HO-THead on Collision: SW-Side Sweep
Po-Obstacte Vehicle: Pr-Following Vehiele
AG2-which vehicle breaks the law becomes obstacle vehicle

Figure 1: Intersection Accident Classification

Most usclul intersection classification developed by Wang Y. (1998). The main coneept ol
this classilication is that the causal factors [or dillerent kinds ol accidents, and therelore
grasps the relationship between accident risk and accident causal factors. To demonstrate the
imprecision of this type ol analysis, Figure 1 shows twelve patterns ol intersection vehicle-to-
vehicle accidents, which was modificd [rom Wang’s study. This classilication reveals the
detail insights ol intersection accidents relating to the flows to which the two colliding vehicle
arc approaching towards the intersection. However, it is better to use “vchicle mancuver”
entry [rom the police accident report.

2.2 Angle Accident Modeling and Its Importance

Most ol the previous rescarch on angle accident relates the ceffeets ol signal installation and
signal phasing to accident [requency. Datta (1994) investigated the impact ol traflic signal
installations on accident characteristics. Hauer (1992) modeled the safety of signalized
intersections on the basis of traflic [low and accident history. Upchurch (1994) compared five
types ol right-turn phasing with right-turn accident. Maher (1996) and Wang (1998) develops
modcl available [or right-turn accident only using the technique ol gencralized lincar modcels
and nonlincar regression respectively. But none of these studics highlights the details ol angle
accident mechanism, which could explain adequately to alleviate such types accident at
intersections. Based on the relationship between the disturbance and drivers reactions this
study illustrates several models to cnumerate the liaison between angle accident [requency
and some geometrie, road environment and trallic related lactors.
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3. MODELING METHODOLOGY

For angle accident, it is more important to concentrate the behavior of driver coming from
dilferent approach and their reactions subjected to surprising situations in an uncxpected
trallic situation at interseetion. Experiment underlying the mechanism ol visual scarch shows
that in demanding situations, cspecially in crowded intersections, dricrs process deeper at
cach fixation point, that is, they arc more attractive. Therelore the functional ficld ol view
becomes narrower and henee reaction time for detecting relevant objects becomes longer
(Miura T., 1992). Finally thc¢ combination ol unanticipated geometric and traflic rclated
[actors led to increase drivers mental load, which ultimately causes a scvere angle accident at
interseetions.

The Mechanism of Accident Occurrence

The random causal [actors (“noisc”, “disturbance™) had a decisive cllect on accident
oceurrence at a microscopic level. Despite the specilics ol different accident types, the
oceurrence ol accidents is considered to be based on two premises in this study, onc is the
cncountering ol an obstacle vehicle, and the other is that the forthcoming vehicle driver failed
to avoid collision. Obstacle vehicle arc usually duc to emergence of “disturbances”. A
disturbancc here is delined as anything that interrupts the smooth movement of traftic flow. If
the mergence ol a disturbance has caused the deccleration or sudden braking of lcading
vehicle, then the leading vehicle become an obstacle lor the following vehicle, which as to
adopt some steps to avoid the collision. Il the following vehicle driver fails to avoid the
collision, an angle accident will occur.

Il the probability ol mecting an obstacle vehicle is denoted by P, and Pr denotes the
probability of the corresponding driver failed to avoid the collision, then the probability off
this driver to be involved in an accident is the product of P, and Pp as they arc normally
independent. That is:

1)

risk =[)47.1)f (1)
As the cxact form of Po and Pl is unknown, c¢mpirical log link [unctions arc adopted as
follows

In(,)=pB,x, and np)=p T )
The angle accident risk (PaG, ) = BoXo + Brxp = px 3)

where x=( x,, Xy ) arc vectors ol explanatory variables for P, and Py respectively and B=(f,.
By ) arc the vectors ol the corresponding unknown parameters to be estimated and Pagi =
Avcerage angle accident risk lor AGl, AG2 and AG3. To simplily the problem, it can be
assumed that all the vehicles using the leg in certain time period have the same accident risk.
Then, number ol accidents that occurred within this flow complics the Binomial Distribution

P(n) = (I )P,(‘(;, (1-P, )f—" 4)

n
where /'@ through opposite leg traflic volume tor AG1 and entering leg through tratlic volume
for AG2 and entering leg left-turn [or AG3; n: number of accidents occurred. Since an
accident is very rare case, Pyg; is normally very small and traffic volume [ is very large,
Poisson distribution is a good approximation to binomial distribution:

Pln) = m" - exp(—m)
n!
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with Poisson distribution parameter — m = E(n)= [-PaG, = [ -exp(f x) (6)

Poisson distribution has been commonly used in predicting accident number (Miaou et al,
1992) duc to its nonnegative, discrete and random [eatures. Poisson model, however, has only
one parameter, and this requires the expectation and variance to be cqual. As most accident
data arc likely to be overdispersed, the applicability ol a Poisson model is therelore limited.
An casy way to overcome this difficulty (i.c. the mean must be equal to the variance) is by
adding an crror term, €, to the link [unction as shown by Formula (7)

Inm=1In(/Py; )+« (7

Assumc cxp (¢) is a Gamma distributed variable with mean 1 and variance «. Substituting m
in Formula (§) by Formula (7), we have

exp(_fl),\r;, CXP(F))’(ﬂfm, exp(¢))"

P(n|e) = (8)
n!
Integrating . shown in cquation (10), Negative Binomial distribution is derived as:
o Py
P(ny=— X2 ) (e (99)
C(n+ 1))/ 'I)Ar;, +6 ) '1).\(;, +6
where 6 =1/« . In general Formula (Ya) can be written as
L(ny, +6 ] Tealiv .,
l’(" y ) _ ( kI ) )t/( ) AT AG,, ) W (9h)

['(n ¥ Do) f,'/.-l ’ l{\(;,,‘, +4. I l).\(;,‘,, +6

here i denote types of angle accident; j for time category (year); k for intersection code and |
for leg number. Its variance is changed to
Ving)=Em )1+ (ny)] (10)

The choice between the Negative Binomial model and Poisson model can largely be
determined by the statistical signilicance ol the estimated cocllicient «. Since « can be larger
than zcro, the restraint of the mean cqual to the variance in Poisson model is released.
Thercelore, Negative Binomial distribution can dcal with the overdispersed  data. The
[ollowing scction emphasizes the basic concepts and the logic behind the accident model
development. The key point ol angle accident model is the proper identilication of obstacle
and following vchicle and their behavior on unexpected situation.

3.1 Modcling AG2 Accident Risk

Among the angle accident AG2 is the most dangerous one because two vehicles are crashes
cach other perpendicularly one ol which ran alter the control. Out ol two through traflic
vehicle, the vehicle which is violating the trallic signals or going to continue to pass the
intersection very quickly at the end ol intergreen time (yellow signal) is relerred as “Obstacle
Vchicle™ becausce it interrupts the smooth through traflic flow coming rom lelt or right leg.
By not yiclding, obstacle vehicle causes a collision with a cross-strect through trallic vehicles
that is rclerred o as “Forthcoming Vchicle™ Somce preliminary survey on intersection
accident classilication identifics the obstacle vehicle, which is invading the red-signal or did
not try to stop when the signal becomes yellow to red. Reason behind this type ol tendency is
cither the current leg signal time is short or emergence of disturbance or bad geometric
environment ol intersection which Ieads Po driver 1o complete the crossing process with
comparatively longer time as he expected.
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AG2 accident statistics exhibits the [casibility of assumption taken for the development of
AG2 accident modeling (Tablel). Most of the AG2 accident oceurs in signalized approach.
Considering signal phasc, almost sixty pereent crashes take place in under two-phasc signal
control. Compare to local street (maintained by city oflice and usually low traffic volume),
national road or prefectural roads have higher accident frequency. In signalized intersection,
Pf vehicle coming [rom Ielt approach is more (59%) then vehicle coming from right.

Table 1: AG2 type Accident Basic facts
Control Condition Accident Phasc Accident Road (leg Accident
Occurs Control Occurs Type Occurs
Stop sign (legs) 109 (43.6%) - - Local Strecet 109
141 (56.4%) | Two Phase | 84 (59.6%) | National or 77
Prefectural (91.7%)
Signalized (legs) Local Street | 7 (8.3%)
Four Phasc | 57 (40.4%) | National or 57
Prefectural

Formulation of AG2 Accident Risk

For AG2 accident, red or yellow signal time and red signal itsclf becomes an important
disturbance along with other disturbances, which ultimately lead a vehicle to become an
obstacle vehicle for right or left-approach through trallic vehicle. The cross-street vehicle has
to deal with emerging obstacle vehicle within available PRT to avoid the collision. I Py's
driver reaction is sullicient cnough, an AG2 accident is avoided: otherwise, an AG2 accident
will happen. :

A) Formulation of P,: The leading vehicle’s deceleration is normally caused by the emerging
disturbances. As the occurrence ol disturbances is discrete, nonnegative and random, it is a
Poisson arrival process. Il times between arrivals are independent and [ollow the same
exponential distribution, the probability of disturbance m's happening within ¢, is

-/‘(’)=)L4hn("7/-’hl 1>0) (] 1)

The probability [or obstacle vehicle becomes P =fd Ay e de = 1= ¢ (12)
0

where Ay, is the arrival rate of disturbance m; and £, is the time differenee between
disturbance and Icading vehicle. Since any of the disturbances can cause the deeeleration of
the leading vehicle, the probability encountering obstacle vehicle is identical to that ol at least

onc disturbance occurs. Since 2)1_,’, _ faxa should be a positive variable and should be
dytd) T
7

alleeted by related explanatory variables, here again we adopt exponential link function to
< - E )'.lmld
consider the clleets of the variables P, =1- 2 (1= Pyy)=l-e

m=l

Sd X,
_Paxd

(13)

=l
In Formulac (13), B4 and x4 arc veetors ol unknown parameters and explanatory variables of

disturbance [requency respectively. By docs not change with locations, while xq varies from
placc to place.
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B) Formulation of Py In stop-controlled approach, cross-street trallic coming from the right

may posc the most immediate since the Py's VLhILlL driver in this casc has the least amount of
time to recognize that a vehicle has ran the’ slop sign and thus to take cvasive action.
Depending on the complexity ol the problem, the value of PRT (Perception Reaction Time)
range changes depending on the complexity ol the solution, and the driver’s expectancy of the
hazard (Bzucs 1995). Nurmnlly there arc two types of PRT: available PRT (APRT) and

Driver age distribution is the same for all our objective legs omitting the dillerence of NPRT
across age, then we can assume that all driver’s follows the same Weibull («, 1) distribution
S =akt e for 150 (14)
Il a driver has available PRT of ¢,,. Py can be calculated by integrating Formula (14) (rom 1,,
to inlinite
-l 1
ff J(A) [ (y.1,,)dudt, —f e Mo leMvdl, = —— (15)
1+A/y
Formula (15) shows that P/ is only decided by e and y, and have no relationship with v. I
is bigger, the expectation will be small. As the expectation of APRT is normally larger than
that of NPRT, y should be smaller than A which implics that Pris smaller than 0.5. Since
paramcter A and y arc nonncgative variables, A/y can be related to various factors by an
cxponential link function. Corresponding Pl can be written as
|
/T SRR S— (16)
I +exp(=f,xy,)
In Formula (16), B, and x; arc vectors of unknown parameters and cxplanatory variables
respectively. Finally, replacing P, and Py in Formula (1), a genceralized AG2 accident risk
modcl can be derived which contains road cnvironment and trallic regulation and human
rclated factors.
_Sdxd

l-¢
Prga =P, *Pp = ——— 17)
AG2 / +(‘_/f|1xll (

3.2 Modcling AG3 Accident Risk

The key point related to AG3 accident occurrence is Ieft-turning mancuver and lanc-changing
mechanism to reach on lelt lane for lelt-turning mancuver. Alter scarching hundreds of
reports and detail ficld obscrvation on AG3 accident, it could be concluded that AG3 accident
is probably duc to Ieft-turning vehicle on the Ielt most lanc interrupting the sccond vehicle’s
Ielt-turn mancuvering on the right lane who decide to go left afier the first vehicle. So based
on preerash actions, the vehicle which arrives lirst on the lelt-lance and decide to go Ielt is
relerred as “Obstacle Vehicle™ and the vehicle arrives later alter changing the lane and find
another vehicle alrcady occupied the lelt lane [or lelt-turning movement is delined as
“Forthcoming Vchicle™. Scveral reasons are responsible for [irst Ielt-turning vehicle becomes
an “obstacle” but most important is possibly inattentive driving or intending to disrcgard the
emergence ol disturbances and misjudgment ol left-leg identification. Obstacle vehicle cheeks
the available headway in current leg for Ieft turning and emergence ol disturbance to which it
should deal and overcome to go Ielt.

AG3 accident statistics reveals the reason and lacts why and how obstacle and lorthcoming
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vehicle were identified for AG3 accident modcling (Table 2). Almost three-lourth of AG3
accident occurs in signalized approach. Over cighty pereent AG3 crashes takes place under
two-phasc signal control as lelt-turning mancuvering is related to two-phase control.

Table 2: Arrival of P Vehicle Compare to P, Vehicle Legs

Filty-cight obstacle

Type ol Vehicle Motor | Car | Large | Changes | yohicles  arc motoreycle
Cycle Vchicle Lanc compare 1o forty-two

Obstacle Vehicle S8 | 2% | 62% 22% percentas  lorthcoming
Forthcoming Vchicle | 429% | 58% | 38% 78% vehicle. Most ol the times
large vehicles are lollowing

vehicle, and obstacle vehicle always sullers severe latal accident. For turning to the left, most
ol the obstacle vehicle changes lane abruptly which creates a disturbances [or forthcoming
vehicle and hence incereases the probability of AG3 accident.

Formulation of AG3 Accident Risk

A) Formulation for Po: Whether or not a left turning vchicle becomes an obstacle is
determined by the judgment of the left turning vehicle driver. The occurrence of judging
mistake occurred in left turning trallic flow, including both the judgment ol right-side through
trallic hcadway and disturbance occurrence is assumed to be a Poisson process as before-

B
p o (18)

where By and x4 arc veetors ol unknown parameters and explanatory variables ol disturbance
frequencey respectively.

B) Formulation for P;: When Py vehicle driver intend to disregard the requirement to stop,
and continuc to move lelt and stroked by P, vehicle on the right side ol P,. Similar to the
formulation in AG2 accident, it can be assumed that drivers’ necessary and available PRTs
arc Weibull distributed with parameters (a, ) and («, y) respectively, then the pmbuf)ilily ol
the opposite through vehicle driver failed to avoid a collision is

| 1

Pr= = 19
/ I+A/y  l+exp(-BhXp) {19

where By, and x;, are veetors ol unknown parameters and explanatory variables respectively
assuming that A/y is nonncgative and lollows exponential distribution. Formula (19) is applicd
to AG3 accident risk cvaluation.

Il we use Pz to represent AG3 accident risk ol the studying leg, to which the right turning
vehicle belong, at certain time period, by combining the formulations of P, and Py, the exact
formulation of Py¢; as (ollows.

‘_L./’(I"d

1-¢
L = 20
1o |+(;_/"lel ( )

3.3 Modcling AG1 Accident Risk
Alter cheeking hundreds ol original reports ol AG1 accident and modceling cllorts ol Wang ¢t

al (1998) and Mahcer (1996), we concluded that the occurrence ol AGI accident is most
probably duc to the right turning vehicles™ invading to the proceeding track ol the opposite
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through vchicles. That is, the obstacle vehicles arc normally right turning vehicles and the
forthcoming vcehicles are gencrally opposite through vehicles in AG1 accident. There might
be various reasons lor the right turning vehicles to become obstacles, but the most important
ones arc the misjudgment of the right-turn vehicle driver and the suddenly emerging of
disturbanccs.

Il Pr¢; to represents AG1 accident risk of the studying leg, to which the right turning vehicle
belong, at certain time period, by combining the formulations ol P, and Pras described in
AG2 and AG3 accident, the exact [ormulation of Py, is

(e

PaGr =P, 0y =

4. DATABASE

To c¢nhance the chances of success and to estimate microscopic model, we need the
disaggregated data of each of the four approaches of an intersection, such as average daily
through, right turn and left turn traffic volumes, all kinds ol angle accident frequency, traffic
regulation, gecometric and environment related factors and so on. The data are for 190 four-
legged, signalized intersections in Tokyo prefecture (1992-94). This sclection was based on
intersection size, surrounding land usce pattern, and crossing angle. To increase the model
clticiency for all kinds of intersection, this-study also includes blackspot data (36%). Since
the existing accident database could not mecet our. needs, accident data had to rearranged by
checking-the original accident records according to registered code.

Traflic flow data came from manually and the annual site survey reports (“Traffic” 1992-94).
Tralfic control information, accident collision type and number, and safety improvement data
were collected from ITARDA (1991-1995). All applicable angle accidents were cataloged
according to their movements before the collisions, and assigned to corresponding approach,
to which the involved vehicles belong. For the purpose of this analysis, only collisions
involving two-vehicles were examined. Road environment and geometric data were collected
from detail site survey and digital maps.

5. MODEL ESTIMATION RESULTS

The Negative Binomial models were estimated using maximum likelihood method. The log
likclihood function cvaluated at the cstimated parameters, 1 (8). in this paper, annual angle
accident data were used for the estimation of ANGLE accident models. Combining Formula
(3) and (Ya) results

- " o 24 v
r(ll/\(:ij“ +6) ] P f}kl ’A(’ijkl Gy (22)

PGy, )= p p
PnAGy, +DFO) Sj - Pacy, +0° Lj ~Pacy, +9

Log-likelihood function can be derived straight forward as

3190 4 Ot aes P
Ul = : P(nacy, +0) ] o Tk PAGy  magu, (23)
i )_222"(1‘(;: ) s P B TP aB )

ek /\(l,»i“ Jkl A('iikl Jkl A('ijkl

where Bg and B arc veetors of unknown paramcters of the probability ol encountering
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obstacle vehicle (P,) and the probability of the forthcoming driver’s failure to avoid the
collision (Py) respectively. 16« is significantly different [rom zcro, then the Negative
Binomial is the correet approach. In this study, all the modcels arc cstimated by Negative
Binomial regression. Models are independent from cach other. The same symbols, such as 8,
have different values in dillerent angle accident models.

Table 3: Estimation Results for Accident Risk Models

Other parameters in the model AGI1 Modcl | AG2 Modcl AG3 Modcl
Reciprocal ol Negative Binomial Dispersion 0.836 0.708 2.154
Paramcter (6=1/w) (9.38) (4.58) (3.85)
Avcrage Probability ol Encountering an 0.133 0.159 0.295
obstacle vehicle (Po) (1.47) (1.64) (2:15)
Avcrage Probability ol the Failure ol adjacent 1.28*10° 5.25%10° 3.8%10°
Right or Ieft Through Vcehicle Driver (Pyp) (1.55) (3.50) (4.47)

Table 3 shows the basic cstimation results for Negative Binomial models. The value of
reciprocal of Negative Binomial dispersion parameter implics that usc of Negative Binomial
model is justificd by the highly significant valuc of p= 0.15. Use ol Poisson regression would
have produced considerable bias in cocflicicnt estimates. Average probability of encountering
an obstacle vehicle (Po) is much higher than the average probability of following vchicle
driver (Pp), which is quite rcasonable because it’s often interrupted by disturbances, but
accident rate is vary rarc as human beings have little failure probability in dealing with the
interruptions. The multicollinearity test result (Karim, 2001) shows that there is only 21%
conlidence to say the corrclation among observed year is significantly affecting the cstimation
results.

5.1 Results of Angle Accident Modcling

According to definition of AG2, AG3 and AG1, accident is accredited to through traffic flow,
left-turn flow and opposite leg through flow respectively, lor the development ol angle
accident modeling all these flows are considered for estimation purpose. Estimation results
arc shown in Tablc in 4, 5 and 6.

Existence ol exclusive right lane on approaching road is significant
for AG1 and AG2 accidents. The presence ol exclusive right lane
reduces angle accident chances due to smooth mancuvering of right-
turning vchicle, which reduces the probability of conllict at
approach ol interscction and significant amount of approaching vehicle swings smoothly to
right lanc reducing the probability of AG2 accident (Datta K., 1991). No-control legs on
minor roads usually signily low cross-street volumes, exeeptionally good sight distances, and
other sometimes unobscrved factors that lead to a tendency toward low overall accident rates.

Traffic Regulation
Related Variables
and Findings:

As right turning mancuvering takes signilicant time, through vehicle in AG2 accident
approaching at intersection from combine through and right lane have slowed down for right-
turn and conscquently following vehicle already visualize the obstacle vehicle location and
henee tends to pass it away. The variable indicating protective right turn has a cocflicient
which shows that il the approach has protected right turn, then AG2 accidents tends to
deercase. If there are more right-turn lances, the existencee ol the right-turning vehicles may be
difficult 1o be found by opposite through vehicle drivers, thus the average APRT should be
shorter as well (Wang Y., 1998).
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Table 4: Estimation Results of Factors Al‘l'écting P, and P; for AG2 Model

353

Paramcters for Py Vehicle (B4) Co- | Parameters for P; Vchicle (Bw) Co-
elficient efficient
Constant -1.924 | Constant -15.57
(:3.04) (:30.64)
Combined through-right, right turn drop lanes and 0.981 Right-turns not aligned and not single lane -0.164
two or more lanes on the approach (1 il there are (L.44) | approach, protected right, or stop control (I if (-1.57)
two or more  combined through-right or right- right turns are not aligned and the approach docs
turn drop lancs, 0 otherwise) not have a single lane, protected right, or stop
control, 0 otherwisc)

Right-turn restriction (1 if right —turns is 1.101 Existence ol driveway (1, if driveway cxist, 0 0.138
restricted, 0 otherwise) (1.21) | otherwise) (1.6)
Curvature on approach leg (1 if curve on 0.207 | Angle of entering approach and opposing -0.591
approach, 0 otherwise) (1.65) | approach (L if larger than 1S, 0 otherwisc) (-1.56)
Aungle road in between two adjacent legs (1 if two 1.977 | Functional field of view (1 if angle of clear view -0.702
adjacent legs contain an angle road in between (4.99) | is less than 10 degree or any kind of disturbances (-2.64)
them, 0 otherwise) exist in opposite side of current leg)
Disturbing structural element on the leg of 0.169 | Local street approach (1 if local street approach, 0 |  0.881
interest (1 if disturbing structural element exist, 0 (1.51) | otherwise) (2.95)
otherwise)
Sight-distance restriction (1 if sight distance is 0.964 | Permissive right turn (1 if permissive right turn, 0 -2.12
restricted, 0 otherwise) (2.91) | otherwise) (-5.95)
Intersection sheltered by elevated road (1 if one 1.81 Protective/ permissive right turn (1 if protective -0.682
direction is under an elevated road, 0 if no (3.98) | or permissive, 0 otherwise) (-1.67)
elevated roads above)
No control on current leg (1 if no control, 0 -1.352 | Large vehicle ratio of current leg 0.053
otherwise) (-2.68) (2.80)
Pedestrian overpass at the corner current leg (1if | 0.317 Right or left-turn restriction (1 if right or left- 0.948

edestrian overpass exist, 0 otherwise) (1.57) turns are restricted, 0 otherwise) (1.78)
Central road median (1 if wider than 2 meters, 0 0.524 | Exclusive right lane (1 if there exist exclusive -0.342
otherwise) (1.24) | right lane, 0 otherwise) (-1.31)
Right approach road width (in meter) -0.048 | Sample Number 745 of

(-1.97) 760

Right-turn volume in thousands (" ymrs) of the -0.077 Log likelihood at convergence, [ (6) 505.451
current approach (-1.18)
Through traffic volume in thousands (3 years) of 0.075 | Log likelihood with constants only, I (0) 953.85
the right approach (2.31)
Through traffic volume in thousands (3 years) of 0.076 | Likelihood ratio Index 0.41
the left approach ) (2.52)
Total tratfic volume in thousands (3 years) of the -0.059
opposite approach (-4.66)

Geometry Approach
Variables and Findings:

Angle road between to adjacent legs creates disturbances at the
corner point of two legs, causing impediment for obstacle vehicle

that  ultimatcly ended up with AG2 accident. Approach half-

width of the right-hand arm is signilicant for right angle accidents and indicated that the wider
the approaches are associated with lower accident frequency of this type (Hall R.D., 1986).
Sight distance restriction would be realized when the standard sight line based on the spc.t.d of
traffic on the cross street is not provided from the stop point on the approach to cross traffic in
both dircctions. A sight-distance restriction also occurs at a signalized approach duc to
horizontal or vertical curvature across the intersection, an objeet in a median arca, or
misaligned right-turn lancs.

Existence ol driveway ncar intersection approach always create disturbance which affects
positively lor following vehicle driver for AG2 accident and obstacle vehicle driver for AG3
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accident. Specially for AG3 sudden emergence of vehicle from driveway near intersection
leads left lane vehicle driver to sudden stops and makes ‘obstacle’ for Pf vehicle driving.
Total lanec number is considered to be proportional to drivers’ sight field. The wider (more
lanes) the approach is, the better the drivers” sight condition (Wang Y., 1998).

Table 5: Estimation Results of Factors Affecting Py and Py for AG3 Model

Parameters [or Py Vehicle (B4) Co- Parameters [or Pf Vcehicle (8y) Co-
clficient cficient
Constant -3.745 | Constant -20.17
(-6.22) (-23.49)
Functional ficld of view (1 il angle less than 10 | -1.49 [ntersection sheltered by elevated road (1 if the -0.29
degree, 0 otherwise) (-3.74) | leg under an elevated road, 0 otherwise) (-1.35)
[ntersection Location (1 il in central’ business 0.32 Total lane number of entering approach 0.42
district, 0 otherwise) (1.85) (3.82)
Fence (1 if exist, 0 otherwise) -0.42 Large vehicle ratio of entering approach -0.03
(-1.56) (-1.70
Two Phase signal (1 if exist, O otherwise) 0.549 Slope of the entering approach (0 if within % 0.30
(1.41) | 3%, 1 otherwise) (1.43)
Number of driveway on the left of the approach 0.63 Number of through lane of left approach 0.11
(1.83) (1.88)
Total lane number of left approach (including 0.11 Speed Limit of the entering approach 0.01
both entering lanes and existing lanes) (3.45) (1.25).
Local street approach (1 if local street approach, -2.09 | Angle of entering approach and left approach (1 0.18
0 otherwise) (-2.14) | if less than 105 degree, 0 otherwise) (1.88)
Sight-obstruction (1 if sight distance is 1.18 Sample Number 74S of
restricted, 0 otherwise) (3.42) 760
Through traffic volume in thousands (3 years) 0.03 Log likelihood at convergence, [ () 505.451
of the Right turning approach (1.29)
Ratio of Motor cycle volume (3 years) 1.07 Log likelihood with constants only, / (0) 953.85
(1.54)
Through traffic volume in thousands (3 years) 0.01 Likelihood ratio Index 0.47
ofthe entering approach (4.40)
Right-turn volume in thousands (3 years) of the | -0.003
opposite approach (-1.41)

Wider median aggravate the sight angle for the drivers and eventually produce contflict for an
obstacle vehicle to end up with an AG2 collision. In intersections, a wider median means a
longer travel distance for right turn vehicles and more difficult choose contlict chance with
opposite through vehicles. This conjecture is [urther proved by AG1 accident cstimation.
Intersection having a minor local street crossing the majors with short intergreen time
increases the higher probability of AG2 accident.

This study adopts the definition of functional field of view (Miura T., 1992)” depending on
number of disturbances and angle of clear view from 30 m away from the starting of approach
road edge at intersection. Absence ol narrower vision or turmoil enables driver to detect the
obstacle vehicle easily and consequently reduces the probability of AG2 accident occurrence.

Other Geometric It an clevated road shelters an intersection, the darkness will
Variables and Findings: surcly delay the pereeption ot through vehicles in  the

intersection and hence increases the likelihood of this type ol
accident [requency. Intersections located in central business district (CBD) have lower P, a
little dillerent from our imagination. Poch et al (1996) and Wang Y. (1998) got the same
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results when analyzing intersection rear end accident frequency using Negative Binomial
regression. The variable displacement of the centerline of the arm indicates displacement to

the lelt to be sater than displacement to the right for AG1 accidents.

‘Table 6: Estimation Results of Factors Affecting Py and Py for AG1 Modecl

Parameters [or Py Vehicle (By) Co- Parameters for Py Vehicle (8,) Co-
efficient efficient
Constant -3.13  |Constant -12.68
(-4.75) (-13.96)
Angle road in between two adjacent legs (1 il two -0.112  |Current leg Speed Limit 0.026
adjacent legs contain an angle road, 0 otherwise) (-1.55) (2.63)
Exclusive Right Lane (1 it Exclusive right exist, 0 -0.274  |Opposite Leg left-turn traffic volume 0.009
otherwise) (-1.59) (1.49)
Disturbing structural element on the leg of interest (Lif|  0.179  [Functional field of view (I if angle of clear view| -0.812
disturbing structural element exist, 0 otherwisc) (1.25) [is greater than 10 degree, O otherwise) (-4.71)
Sight-distance reslricliou (1 if sight distance is 0.126 Large vehicle ratio of the entering approach 0.02
restricted, 0 otherwise) (1.55) (1.49)
Angle of entering approach and right approach (0 if 0.059  Iotal entering lane number of the opposite -0.268
within 75° and 105°, 1 otherwise) (1.41) approach (-3.63)
Sight-distance restriction (1 if sight distance is 1.091 Motorcycle ratio of opposite through traffic 1.686
restricted, 0 otherwise) (5.80) (1.26)
Sigmal control pattern (1 for 2 phase control, 0 -0.368 Ay gle of the entering approach and opposite 0.507
otherwisc) 147 approach (0 if within -30° and 30°, 1 otherwise) (1.10)
Curvature on approach leg (1 if curve on approach, 0 0438 IThe existence of more right-turn lanes (1 if 043
otherwise) (01.31) fmore than 2 right turn lanes, 0 otherwise) (1.72)
3 years’ daily average right-turn traffic volume in 0.014  |Sample Number 746 of
thousands of the entering approach (1.43) 760
Local street approach (1 if local street approach, 0 0.904 " |Log likelihood at convergence, [ (6) 1129.92
otherwise) (3.24)
Road median (0 if noue, 2 if wider than 2 meters, and 1| 1.091  [Log likelihood with constants only, ! (0) 2305.95
otherwise) (4.29)
Absolute Displacement between two opposite legs (1 if 0.973  |Likelihood ratio Index 051
displacement exist, otherwise) (5.88)

Angle of the entering approach and through approach contains more complex information
than regular-shaped intersections, and the increased complexity should have increased NPRT.
If, however, consider the existing angle may seriously reduce through vehicle speed, and
hence increases APRT, the decreasing elfect on AG1 accident risk may be also acceptable.

5. 2 General Countermeasures

On the basis of analysis result, the following general countermeasures are mentioned to avoid
the angle accidents at intersections.

Right-turning ol large vehicle should be controlled carefully through implementing proper
tralfic rules for large vehicle to reduce right-turn accident (AG1). In the long-term basis,
width of median can be eliminated. For large intersections, sight distances for both legs
should be kept adequate. Also Proper sign should be included in the common display board
about the angle between the legs so that driver could be alert for the complex situation when
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he entered at intersection. Introducing multiphase signals may result in a reduction of right-
turn accidents (Datta K., 1991).

To climinate right-angle accident (AG2). disturbing vegetation should be removed (rom the
interseetion approach. Eliminate or impose parking restriction strictly cven [or short duration
parking at the corner of Ieft leg specially. Median containing small tree should be removed in
order to make clear functional ficld of view. In long-term basis, climinate the angle road or
driveway ncar the intersection. Introducc exclusive right lane as they decrease the AG2
accident rates. Abscnce of scparate right-phase signal may alfect AG2 accident. Henee
introduce this type ol signal together with separate right-turn lanc il trallic volumc is very
high at that approach.

Proper signing should provide to the drivers about the nature ol the characteristics ol lelt leg
such as sign mentioning left leg position or alignment to lessen the left-turn accident (AG3).
Left leg should be endowed with fence on the corner ol the approach to reduce the
disturbance for Po vehicle driver. Speed limit for turning should be controlled hence over 40
km/hr speed limits is the origin of many lclt-turn accident. Sight restriction at lelt corner
should be climinated to provide a clear angle of view for both the drivers.

6. SUMMARY AND CONCLUSIONS

We have used accident data and information about interseetion to build models for the
estimation of angle accident risk at signalized intersections. Compare to previous studics, this
study focus on the evaluation ol accident risk rather than accident number which determines
the clfeets of accident risk duc to change in countermeasure. Il the elfeet of explanatory
[actors interscetion risk is obtained, we might be able to find some cllicient measures o
improve intersection traffic safety. During the course of model development we reached some
usclul insights. First, to portray the microscopic view of intersection accident, we developed
the coneept of mechanism of angle accident occurrence based the movements of obstacle and
following vehicles driver behavior when they approach towards the intersection.  Sceond, it
appears that the customary categorization ol accidents is cllective information for salcty
management controls. Third, a close examination ol accident risk and cxplanatory variablcs
reveals that effeet of trattic flows on angle accident does not scem to strongly depend at all on
larger of the traffic flows only.

Empirical link functions were adopted to relate factors afleeting lcading vehicles’ deccleration
and following drivers’ response to P, and Py respectively. A Negative Binomial model for
assessing the angle accident was developed and suceessfully estimated by using MLE. Using
these models others types of interseetion accident can be modeled as well. Besides, [urther
works for exploring the dilferent forms of P, and Py lor various types of intersection accident
should also be put in action as to understand the cffects of various controllable factors on the
salety improvement at intersections.
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