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Abstract

This study dealt with developing an accident model for rural signalized intersections with random parameter negative
binomial method. The limitation of previous count models(especially, Poisson/Negative Binomial model) is not to explain
the integrated variations in terms of time and the distinctive characters a specific point/segment has. This drawback of the
traditional count models results in the underestimation of the standard error(t-value inflation) of the derived coefficient and
finally affects the low-reliability of the whole model. To solve this problem, this study improves the limitation of traditional
count models by suggesting the use of random parameter which takes account of heterogeneity of each point/segment.
Through the analyses, it was found that the increase of traffic flow and pedestrian facilities on minor streets had positive
effects on the increase of traffic accidents. Left turning lanes and median on major streets reduced the number of accidents.
The analysis results show that the random parameter modeling is an effective method for investigating the influence on traffic
accident from road geometries. However, this study could not analyze the effects of sequential changes of driving conditions
including geometries and safety facilities.
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Table 1. Variable description and statistics

Article

Variable Definition Mean Std.Dev. Min. Max.
TOACC Total number of accidents 2171 339 0 18
MALANE Number of lanes on major road 6.888 1.533 2 13
MILANE Number of lanes on minor road 4.080 1.148 2 13
MAHEAVY Logarithm of heavy vehicle volume on major road 7.345 1.558 3.79 10.92
MIHEAVY Logarithm of heavy vehicle volume on minor road 4927 1.975 0.69 8.61
MAADT Logarithm of vehicle volume on major road except heavy vehicle 8.950 1.710 3.69 12.71
volume

MIADT Logarithm of vehicle volume on minor road except heavy vehicle 6.375 2.029 23 10.77
volume

MAENT Number of entrance/exit on major road 2.000 1.556 0 7

MIENT Number of entrance/exit on minor road 1.810 1.19 0 5

MAONLYLE Existence of left-turn exclusive lane on major road 0.683 0.466 0 1
(yes:1,otherwise:0)

MIONLYLE Existence of left-turn exclusive lane on minor road 0.444 0.498 0 1
(ves:1,otherwise:0)

MAPED Existence of pedestrian crossing on major road 0.921 0.271 0 1
(ves:1,otherwise:0)

MIPED Existence of pedestrian crossing on minor road 0.794 0.405 0 1
(ves:1,otherwise:0)

MALEFT Existence of left-turn signal on major road 0.762 0.427 0 1
(ves:1,otherwise:0)

MILEFT Existence of left-turn signal on minor road 0.778 0417 0 1
(yes:1,otherwise:0)

MAMED Existence of median barrier on major road 0.984 0.125 0 1
(yes: 1, otherwise : 0)

MIMED Existence of median barrier on minor road 0.937 0.244 0 1
(yes: 1, otherwise : 0)

MALIGHT Existence of lighting on major road 0.952 0.213 0 1
(ves:1,otherwise:0)

MILIGHT Existence of lighting on minor road 0.905 0.29%4 0 1
(ves:1,otherwise:0)

MAISLAND Existence of pedestrian island on major road 0.381 0.487 0 1
(ves:1,otherwise:0)

MIISLAND Existence of pedestrian island on minor road 0.381 0.487 0 1
(yes:1,otherwise:0)

MABUS Existence of bus stop on major road 0.492 0.501 0 1
(yes:1,otherwise:0)

MIBUS Existence of bus stop on minor road 0.063 0.244 0 1
(ves:1,otherwise:0)

MADEL Taxiway Line for Exclusive Left Turn on Major Road 0.429 0.49% 0 1
(yes:1, otherwise 0)

MIDEL Taxiway Line for Exclusive Left Turn on Minor Road 0.444 0.498 0 1
(yes:1, otherwise 0)

MASHOULD Right shoulder width on major road(m) 0.719 0.348 0 2075

MISHOULD Right shoulder width on minor road(m) 0.717 0.447 0 18

SIGTIME Cycle Length(sec) 114.651 61.299 54 223

A2k 0.68% 7K Aoz veh} PEzd ost
T 28.82%° wARAME Atael 7], ywiA|
71.18%<] wAZ M= Atal Al 3 x| 3

o= Ve,

thetw S ets x| #M33H HM6Z, 20154 122

TEZ iR wEF(B@Tk 0.718, BEFHA
0.509), F=zo| Fut = (HF5k 1.989, A5k
0.941)= AHEEe o& tiFEe] wAazdlA Alx
S71l dEE v Aoz Yepdt
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Table 2. Modeling estimation results : traditional- and random parameter negative binomial models

Traditional Negative Binomial

Random Parameter Negative Binomial

Variable Coefficient t-value Coefficient t-value
Constant -0.667 -0.923 0.132 0.066
MIHEAVY(Logarithm of heavy vehicle volume on minor 0.765 2.485 0.380 3.285
road)
Standard deviation of parameter distribution - - 0.68 4279
MAADT(Logarithm of vehicle volume on major road 0.718 4.644 0.509 6.142
except heavy vehicle volume)
Standard deviation of parameter distribution - - 0.041 4,638
MIADT(Logarithm of vehicle volume on minor road -0.879 -3.082 -0.498 -4.681
except heavy vehicle volume)
MAONLYLE(Existence of left-turn exclusive lane on -2.147 -3.515 -1.138 -4.749
major road(yes:1,otherwise:0))
MAMED(Existence of median barrier on major road = = -3.934 -1.996
(yes: 1, otherwise : 0))
MAPED(Existence of pedestrian crossing on major road -3.003 -2.894 N.S N.S
(yes:1,otherwise:0))
MIPED(Existence of pedestrian crossing on minor road 1.989 2513 0.941 351
(yes:1,otherwise:0))
Standard deviation of parameter distribution - - 0.195 2.255
MIISLAND(Existence of pedestrian island on minor road 1.863 2.821 0.980 4179
(yes:1,otherwise:0))
Standard deviation of parameter distribution - - 0.982 6.576
MIDEL(Taxiway Line for Exclusive Left Turn on Minor = = -0.497 -2.655
Road(yes:1, otherwise 0))
Sigtime(Cycle Length(sec)) 0.005 2.02
Dispersion Parameter(e) 1.60 5.837 1.31 4.949
Number of Observations 252
Log-likelihood with constant only -729.581 -1,192.72
Log-likelihood at convergence -459.989 -444.630
02 0.37 0.63
a3 =R xS 0.9799 Hakt 0.98 739} duiste] Aol 59 8% (A5A SoldR
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E AoR Ygyith

aglx, g 2 dAEASHAN T TR Y
1% S34% %% 7P 35% (188 Soldrd),
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oloJAL & 4 9z, FERAA 9 1% Lkt
TE Ve Al 33%(24%2—1 w0l g=2Y),
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Table 3. Average marginal effects and elasticities of traditional- and random parameter negative binomial models

Traditional Negative Binomial

Random Parameter Negative Binomial

Variable = - ; i
Marginal Effect Elasticity Marginal Effect Elasticity

MIHEAVY 0.765 0.351 0.467 0.379
MAADT 0.718 0.329 0.626 0.508
MIADT -0.879 -0.403 -0.612 -0.498
MAONLYLE -2.147 -1.6779 -1.401 -0.535
MAMED - - -4.840 -50.108
MAPED -3.003 -2.966 = =
MIPED 1.989 0.598 1.158 0.610
MIISLAND 1.863 0.575 1.205 0.625
MIDEL - - -0.612 -0.644
SIGTIME = = 0.007 0.615
T BEYN QA e WA BN sl guEnh £ BEeshl 2 185719 dAede
WEYo] BB AT Fkitekn eyl eddel dsmAad gi vEEg A Aed
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ATE Bl mE el e vkt AR (SAE = E SHdM = pEjElojo} & Alglo|t},

AFMAT NS E n2d BYe] FHoR ofF
ojzo} & Aoz Helth 42 3 8= A7

)
a
T
1
o
i

S

7)4\& L}'ﬂ"}f&]—‘j{' %‘1—1\1 @”3?}1:1}9} Z:_Lo] g B
2o v AE2ES7F 21, nESE Be AAE 1t
7 Gerstels A A 2] gRel Jlo B 4 9l

tH(Baher et al. 2009, NCHRP 17-27).

Frzd Ax" HIAH Fe = BAE AlndAa
o 7} i Aog Uyt & =9 A7) §le
wAZ e} Hlwsle] = BAIZF A& 78S, 64.4%9] A
AR} e Aow eyttt W, e A
Folle 227 FEreHEAY o] FAHCE F9

oA @2 A= Uehsitt

niRjato 27 watge] Al F7|7F Zojd A
Aol S7kle AR deyt o &3 1 ar
(phase) 2 Al7ko2 olale] matze] A7), &3 2
e AaA7E A

o
0
FJ
E

1 (Stamatiadis et al.,

thetw S ets x| #M33H HM6Z, 20154 122

. AFo)ME= random parameter £°18 23
S3to] AR wAR 6470 & tigt Ve, W
T AR 2 AARARS Fot] wEAL RS 7
WAt AFH O R AMEEE 2old RR M=
g gld o)A g FEo R ISt wHAL
oS Al At Al Skl tigk E844 (uncertainity)

& A 71 et A

Tt random parameter £°|3 R W] =

fd
A O}fﬂ Nlo

f

o)X (randomness) <

THE Ao vyttt

AN we2d, wEHEAE wsE TP
S7he At Sk 9 vAE R oE UEe

, FERAAM ] FAY wEHE wEAln TS F
THE Aeg, dut Ajg nE e AlnE a AlY)e
Ao eyttt 1gla, Fre] Axd 43d 18
A2 9 Fdeddie Atagdad 53t e AR
Uehgon, Frd] AXE 23zt dE A (FaR

561



Article Developing an Accident Model for Rural Signalized Intersections Using a Random Parameter Negative Binomial Method

b1

2 B Aol An B F7H
Z

o, T
re
-
10
i
_V:',
m
=
)
o
it
o%
ot
e
-4
9,
>
rr
1z
3t
e

ox,
o ofy
off
E]
ol
of
R
o
HU _1}01.

o

g Fot}, w3k, wit d
(actuated signal) 59 =& B3 HH4A
wARNA L AT Qg
thH 2 o SHoM =

o 1

o ™
=2,

Il

b

o

o

of
2
fol

2

o, ol
H, of
o 2

<P NP e = > T el (11
By

r =

T

off
L
ro,
Bl
i
&
td
oftl
fT
.,
ML
[
i
o
i

B
olMe Abael] gk AAE We(xa/Adel 5) 2
20l W}s WgslA] &
S Al R 7|8 A
FHo] 7ttt F3H

wjn
EﬂT o 2

o
i
o,

rL o S

o o

)

Sy OE
p

i N

re

-4

9

>

e

frd

QL

B

by

ot

>

N

3

!

b it

AR 327t B oS BE & 5 9 Holth
olelg Aast Bz

7HAe] AT (AR EL2

"
Sy
-

NSE

B Ay Asazee ohje) e t(eA R/
Az 77 5o v FAE ool Aok & Zelh

REFERENCES

Bhat C. (2003), Simulation Estimation of Mixed
Discrete Choice Models Using Randomized and
Scrambles Halton sequences, Transportation Research
Part B, 37(1), 837-855.

Chin H. C., Quddus M. A. (2003), Applying the
Random Effect Negative Binomial Model to
Examine Traffic Accident Occurrence at Signalized
Intersections, Accident Analysis and Prevention,
35, 253-259.

Engel J. (1984), Models for Response Data Showing

Extra-Poisson Variation, Statistica Neerlandica,
38(3), 159-167.

Greene W. (2007), Limdep, Version 9.0. Econometric
Software Inc., Plainview, NY.

Highway Safety Manual Knowledge Base, NCHRP
17-27(2009).

Joshua S. C., Garber N. J. (1990) Estimating Truck
Accident Rate and Involvements Using Linear and
Poisson Regression Models, Transportation Planning
and Technology, 15(1), 41-58.

Jovanis P. P., Chang H. L. (1986), Modeling the
Relationship of Accidents to Miles Traveled, Tran-
sportation Research Record: Journal of the
Transportation Research Board, 1068, 42-51.

Lee G. H, Park M. H., Roh J. H. (2014), Random
Parameter Negative Binomial Models of Interstate
Accident Frequencies on Interchange Segment by
Interchange Type/Region, International Journal of
Highway Engineering,16(5), 133-142.

Lord D., Washington S., Ivan J. (2007), Further Notes
on the Application of Zero Inflated Models in
Highway Safety, Accident Analysis and Prevention,
39(1), 53-57.

Maher M. (1991), A New Bivariate Negative Binomial
Model for Accident Frequencies, Traffic Engineering
and Control, 32(9), 422-433.

Miaou S. (1994), The Relationship Between Truck
Accidents and Geometric Design of Road Sections:
Poisson Versus Negative Binomial Regressions,
Accident Analysis and Prevention, 26(4), 471-482.

Milton J., Shankar V., Mannering F. (2008), Highway
Accident Severities and the Mixed Logit Model: an
Exploratory Empirical Analysis, Accident Analysis
and Prevention, 40(1), 260-266.

Park M. H. (2013), Relationship Between Interstate
Highway Accidents and Heterogeneous Geometrics
by Random Parameter Negative Binomial Model-A
Case of Interstate Highway in Washington State,
USA, Journal of the Korean Society of Civil
Engineers, 33(6), 2437-2445.

Shankar V. N., Albin R. B., Milton J. C., Mannering F.
L. (1998), Evaluating Median Cross-Over Likelihoods

562 Journal of Korean Society of Transportation Vol.33 No.6 December 2015



PARK, Min Ho - LEE, Dongmin Article

with Clustered Accident Counts: An Empirical
Inquiry Using Random Effects Negative Binomial,
Transportation Research Record: Journal of the
Transportation Research Board, 1635, 44-48.

Shankar V., Mannering F., Barfield W. (1995), Effect
of Roadway Geometrics and Environmental Factors
on Rural Freeway Accident Frequencies, Accident
Analysis and Prevention, 27(3), 542-555.

Shankar V., Milton J., Mannering F. (1997), Modeling
Accident Frequencies as Zero-Altered Probability
Processes: An Empirical Inquiry, Accident Analysis
and Prevention, 29(6), 829-837.

Stamatiadis N., Hedges A., Kirk A. (2015), A
Simulation-based Approach in Determining Permitted
Left-turn Capacities, Transportation Research Part
C(online version).

Train K. (1997), Mixed logit models for recreation de-
mand, In: King, C., Herriges. J.(Eds), Valuing the
Environment Using Recreation Demand Models,
Elgar Press, New York.

Venkataraman N. S., Ulfarsson G. F., Shankar V. N.,
Oh J., Park M. (2011), Model of Relationship
Between Interstate Crash  Occurrence  and
Geometrics - Exploratory Insights from Random
Parameter Negative Binomial Approach, Transpor-
tation Research Record: Journal of the Transporta-
tion Research Board, 2236, 41-48.

Washington S., Karlaftis M., Mannering F. (2010),
Statistical and Econometric Models for Transporta-
tion Data Analysis, Chapman Hall/CRC Press,

Boca Raton, Fla.

S FEMA - gES

& WAXA - olsEl

S =2F1Y : 2015 5 18

S =EZAAKY 1 2015 7. 29 (1XH)
2015, 10. 26 (2XH)

S AAFEREY ¢ 2015, 10. 26

& BRI ¢ 2016, 4. 30

& 391 ol Altg

& 12l abstract m&&

tHstm =35k x| M33HE HM6S, 20154 129 563



