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Abstract

In this study, accident frequency prediction models were constructed by collecting variables such as geometric
structures, safety facilities, traffic volume and wesather conditions, land use, highway design-satisfaction criteria dong
780km (4,372 sections) of 4 lane-highways over 8 areas. As for models, a fixed parameter model and a random parameter
model were employed. In the random parameter model, some influences were reversed as the range was expressed based on
specific probability in the case of no fixed coefficients. In the fixed parameter model, the influences of independent
variables on accident frequency were interpreted by using one coefficient, but in the random parameter model, more
various interpretations were took place. In particular, curve radius, securement of shoulder lane, vertica grade design
criteria satisfaction showed both positive and negative influence, according to specific probability. This means that there
could be areverse effect depending on the behaviord characteristics of drivers and the characteristics of highway sections.
Rather, they influence the increase of accident frequency through the al sections.
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Table 3. Data description

Variable description Mean Standard Deviation Max. Min.
Dependent variable
Number of Traffic Accidents over 3 years 0.74 2.66 44.00 0.00
Exposure variables
Length of the Homogeneity Section(m) 17853 220.34 6295.00 4.00
Annual Average Daily Traffic Volume 9.16 0.92 10.82 7.01
Traffic characteristics
Annual Average Daily Passenger Car Volume(veh per day) 9947.99 8412.52 41256.33 583.33
Annual Average Daily Bus Volume(veh per day) 367.38 417.22 1662.33 21.00
Annual average Daily Truck Volume(veh per day) 3577.82 2832.99 18070.33 380.33
Roadway characteristics
Indicator for alignment type (0 if tangent, 1 otherwise) 0.49 0.50 1.00 0.00
Radius of Horizontal Curve(m) 331.06 554.63 6091.99 0.00
Vertical gradient (%) 1.83 1.93 15.48 0.00
Lane Width(m) 3.88 1.00 6.95 2.35
Number of Lanes 4.09 0.48 8.00 4,00
Indicator for shoulder lane (1 if greater than 1.25m, 0 otherwise) 0.33 0.47 1.00 0.00
Traffic operation characteristics
Design Speed(km/h) 79.18 393 80.00 60.00
One-way(1 if present, 0 otherwise) 0.00 0.03 1.00 0.00
Motorway(1 if present, 0 otherwise) 0.11 0.31 1.00 0.00
Add Lane(1 if present, 0 otherwise) 0.01 0.09 1.00 0.00
Bus Lane(1 if present, 0 otherwise) 0.00 0.07 1.00 0.00
Overpass(1 if present, 0 otherwise) 0.00 0.04 1.00 0.00
Underpass(1 if present, 0 otherwise) 0.00 0.05 1.00 0.00
Number of driveways 0.79 2.25 36.00 0.00
Bridge(1 if present, 0 otherwise) 0.02 0.15 1.00 0.00
Tunnel(1 if present, 0 otherwise) 0.02 0.21 1.00 0.00
Number of bus stop 0.13 0.43 7.00 0.00
Toll gate(1 if present, 0 otherwise) 0.00 0.02 1.00 0.00
Weather characteristics
Annual average number of raining days(day per year) 79.51 111 99.67 68.33
Annual average number of snowing days(day per year) 18.40 10.79 58.33 533
Annual average number of fogging days(day per year) 11.59 16.53 110.67 2.67
Indicator for rainfall intensity 439 0.97 6.00 3.00
Land-use characteristics
Number of elementary Schools 0.01 0.08 1.00 0.00
Number of middle Schools 0.00 0.05 1.00 0.00
Number of high Schools 0.00 0.05 1.00 0.00
Number of universities 0.00 0.04 1.00 0.00
Indicator for residential area (1 if relevant, 0 otherwise) 0.07 0.26 1.00 0.00
Indicator for commercial area (1 if relevant, 0 otherwise) 0.02 0.15 1.00 0.00
Indicator for manufacturing area (1 if relevant, 0 otherwise) 0.02 0.12 1.00 0.00
Indicator for agricultural area(1 if relevant, 0 otherwise) 0.25 0.43 1.00 0.00
Indicator for forest area(1 if relevant, 0 otherwise) 0.60 0.49 1.00 0.00
Traffic safety facilities characteristics
Number of lights 1.46 4.00 62.00 0.00
Number of crosswalks 0.13 0.42 6.00 0.00
Indicator for sidewalk (1 if present, 0 otherwise) 0.24 0.43 1.00 0.00
Indicator for speed bump (1 if present, 0 otherwise) 0.01 0.16 4.00 0.00
Indicator for median (1 if present, 0 otherwise) 0.54 0.50 1.00 0.00
Indicator for side barrier (1 if present, 0 otherwise) 0.53 0.50 1.00 0.00
Indicator for road design criteria satisfaction
Indicator for radius of horizontal curve criteria satisfaction(0 if satisfied, 1 otherwise) 0.13 034 1.00 0.00
Indicator for grade criteria satisfaction (0 if satisfied, 1 otherwise) 0.03 0.16 1.00 0.00
Indicator for length of curve criteria satisfaction(0 if satisfied, 1 otherwise) 0.21 0.41 1.00 0.00
Indicator for complex curves criteria satisfaction(0 if satisfied, 1 otherwise) 0.06 0.24 1.00 0.00
Indicator for driveway criteria satisfaction(1 if driveway on curve, 0 otherwise) 0.11 0.32 1.00 0.00
Indicator for continuous curve radius ratio(0 if less than 2 times, 1 otherwise) 0.05 0.22 1.00 0.00
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Table 4. Frequency analysis results(part)

Variable Nonpresent Present Tatal
ali_type 2,237 2,135 4,372
divider 1,990 2,382 4,372
guard 2,057 2,315 4,372
oneway 4,368 4 4372
exclus 3,893 479 4372
addlane 4,336 36 4372
shoulder 2,951 1,421 4372
buslane 4,351 21 4372
10_NO 3,328 1,044 4,372
overpass 4,365 7 4372
un_pass 4,361 1 4372
bridge 4,267 105 4,372
tunnel 4,291 81 4372
tollgate 4370 2 4372
light 3,019 1,353 4,372
eschool 4,345 27 4372
mschool 4,360 12 4372
hschool 4,363 9 4372
univer 4,364 8 4372
Cross 3,940 432 4372
sidewalk 3,303 1,069 4,372
s_bump 4,342 30 4372
busstop 3,951 421 4372

Table 5. Correlations anlaysis results(part)
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Figure 5. Distribution of parameter estimation for lanewidth
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Figure 6. Distribution of parameter estimation for shoulderlane

Correlations

acc  length ali_type radius grade Rasati uskR SR Grsati usGr sGr ClLsati usCL  sCL  CCsati
acc 1.000 0.210 0.059 0.010 0.157 0.035 -0.021 0.012 0187 0.175 0.032 -0.135 -0.120 0216 0.144
length 0210 1.000 -0.090 -0.034 -0.123 -0.128 -0.116 -0.021 -0.027 -0.028 -0.131 -0311 -0.257 099 -0.057
ali_type  0.059 -0.090 1.000 0612 0113 0403 0357 0565 0075 0.070 0077 0543 0485 -0.135 0.253
radius 0.010 -0.034 0612 1.000 -0.024 -0.125 -0.088 0.994 -0.014 -0.009 -0.021 0311 0239 -0.056 -0.044
grade 0.157 -0.123 0113 -0.024 1.000 0.182 0113 -0.035 058 0634 0668 0113 0.101 -0.130 0539
Ra_sati 0.035 -0.128 0.403 -0.125 0.182 1.000 0.88 -0217 0149 0.133 0.104 0351 0333 -0.157 0.357
Gr_sati 0.187 -0.027 0.075 -0.014 0.583 0.149 0.072 -0.022 1.000 0942 -0.162 0.033 0.030 -0.029 0.353
CLsati  -0.135 -0.311 0543 0311 0113 0351 0329 0272 0033 0.040 0106 1.000 0.893 -0389 0.204
CC sati 0.144 -0.057 0.253 -0.044 0539 0357 0254 -0070 0353 0316 0385 0204 0.189 -0.074 1.000
670 Journal of Korean Society of Transportation Vol.32 No.6, December 2014



LIM, Joon Beom - LEE, Soo Beom - KIM, Joon-ki - KIM, Jeong Hyun

@ ol AlgTt K Aoz dysigont
Aoz felsh ehe Aew et ol @7
AR A 22 Ut JYAge & 9ol
Sl Ao BuEr,

4. MHDIE BHE0iR
AENTF AANNE DFAR 3 ARGE LolF

A
H
2go] A, 0411, &EZSF 28] 4, radom ¥
PN

FRE FosiA @A vUster, A AFE 0.4562.2

Table 6. Modeling estimation results

Atticle

AASR 0.6462 FA1SV T A% 200
Hlgo] 20)40] MR AlnE SA7NE AR v
o Fawge] B % 7o) F40] H419] Agglel

hel 2au7e) vlge 200 e

WSl AL AE 15w o)) APl
=
hl

i
o
¥o,
tlo
=2
-

N

o] & 84%, At} fadle o] < 16%% =k

4 4 ck(Figure 7 ).

0.294

m-2a m m+2a
-0.546 o 1152 285

Figure 7. Distribution of parameter estimation for grade design
criteria satisfaction

Negative binomial Model Random Parameter Model

Coefficient t-value Coefficient t-value
Constant -8.634 -14.352 -9.312 -25.143
Exposure variables
LN(Length) (m) 1.238 10.439 1.299 35.871
LN(AADT) 0.4874 10.439 0.574 21.832
Roadway characteristics
Radius (100/Radius) 0.371 4216 0.421 8.607
Lane width (m) -0.861 -10.575 -1.128 -22.594
Standard deviation of parameter distribution - - 0.274 36.517
Shoulderlane (1 if greater than 1.25m, 0 otherwise) -1.340 -13.773 -1.567 -25.829
Standard deviation of parameter distribution - - 1.173 11.506
Driveway Density (# of km) 0.032 8379 0.035 21.238
Land-use characteristics
Land-use-residential (1 if present, 0 otherwise ) 0.375 2417 0.427 4970
Indicator for design criteria satisfaction
Driveway Criteria Satisfaction ( 1 if not satisfaction, 0 otherwise) 0.411 3.708 0.456 7.830
Radius_Ratio Criteria ( 1 if greater than 2, 0 otherwise) 0.717 4,745 0.646 8.505
Grade criteria Satisfaction ( 1 if not satisfaction, 0 otherwise ) 1.205 5.967 1.152 10.528
Standard deviation of parameter distribution - - 0.849 4315
Dispersion parameter 2.551 16.928 0.790 23.088
log likelihood -3211.7460 -3183.7390
p* (1-LL(fullmodel)/LL(constant-only modle) 0.188 0.194
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Table 7. Average marginal effect results

variables value
LN(Length) (m) 0.108
LN(AADT) 0.047
Radius (100/Radius) 0.035
Lane width (m) -0.093
shoulderlane (1 if greater than 1.25m, 0 -0.130
otherwise)
Driveway Density (# of km) 0.003
Land-use-residential (1 if present, 0 otherwise ) 0.035
Driveway Criteria Satisfaction (1 if not 0.038
satisfaction, 0 otherwise)
Radius_Ratio Criteria (1 if greater than 2, 0 0.053
otherwise)
Grade criteria Satisfaction (1 if not satisfaction, 0.095
0 otherwise )

ol BT B ol§ 2, %014 FTA
AtA EAAEC] HE 2AHE 3k, SR8 E9
A EAske 5445 Hol7] Wi Q3|3 Alart A
ok Tl Qe AoR AN 4 Aok TR A
7h Aol mlAE gl fela B Ao vge
b, FHAAL AAE BEANT} fid WeR e
A& ot g Aoz dae

(S}
e
=
fol
H
HI

A (Marginal Effect)

o, ERrshE B SelMe 2
B foF Abndgd Mg & 9%
UebsTt, Zolzzh 1.25meld EHEEA]
0.1304 As S7H71E Ao veyt
Im7} SolEs% 0.0934 Aldss =
vebgeh. &) dEe km@ A57E 1
=2

0.0037¢] Atars S7M71E Aoz b

= \"SL
X,
N 4
Sk
1o M
1%
ilh)

al

g o
5k

ool s

pa

2
W |o

T L R .
ar L T dr
4

)
rg o b L
>
Il
L
4 2

e S

e
o

-

N(F2He)) & Tm7h 7Kd42 0,108
27713, 9%
0. g =
EAo]go] FAAQ B2l A5
Bt} 0.035719] AlaLE 3
AAPNE BEAR WSEE AU FHF 9
£ A9 0.0387, FA9 o] 28 20E A%
0.0537, T ) 6% E& 45, 0.0957 Al
2771 Aoz e,

o it

>~
(=t
El
of
o
=
N
ofN
N

ol
-
(@]
=
-3
o

=
i
(o]
N
>
N

X

Al

X

N

o,

rc

1

et

ZE 3 &= A

B A= A gl A (A7), A, B =5,
B AG AR 4312 o AER (TR BE)F
oF 780km(4,3727077h 9] 718Z%, HAAIEE,
2

Y
ot

=

2 714 EXo] g ERAA7|E wEe i 5o

fo | rle rE K

g mEW FERL Lol

K
o
b
N
dlo
b

(random parameter negative binomial model
ERHSEC] Alndgd X YIRS BF 5

S vskou, SERS Sold Ry gl Ast

i =
1 rlo of

It Y Rre Lol RYE FRAI A

H2 e Hx
finj
Ho
o2
e
£
o
N
N
olf
P;L
3R
fuj
A
ol
i)
2
3
o o
[iid

o
aV)
o
>
i
X
N
X
o,
mdp
o
1
fr
A
o,
J
i
o o
N
B
T

o2
Mo o -
of.
oo
&
dlo
o
of
o
o,
o
4
i)
o,
3L
)
o,
v

RO
A
Iz A

ox Lo
fr
i
Jr o

~
Lo
=

= ongitt,

FERFE o]8e 2old HFPE Atare] X

WFE o ookt A% ¢ gl 7Y
AlnztE BHE FEA(AE B, AlaFHA
(Crash Modification Factor, CMF), &A%Y 5)

SHUZ 3 E gho] ofd theket goZ AbEsta 34

g % gleke Aol AHelen & 4 vk

o ot

AL Tt HZ QoA Alnd 2 RS o] &35l
%

672 Journal of Korean Society of Transportation Vol.32 No.6, December 2014



LIM, Joon Beom - LEE, Soo Beom - KIM, Joon-ki - KIM, Jeong Hyun Article

ACKNOWLEDGEMENT

This work was funded by National Research
Fundation of Korea (No. 2011-0028933).

REFERENCES

AASHTO (2010), Highway Safety Manua 1st Edition.

Anastasopoul os P. Ch., Mannering F. L. (2009), A Note on
Modeing Vehicle Accident Frequencieswith Random+-
parameters Count Models, Accident Analysis and
Prevention, 41, 153-159.

Bhat C. R. (2003), Simulation Estimation of Mixed
Discrete Choice Models Using Randomized and
Scrambled Halton Sequences, Trangportation Research
Part B, 37(1), 837-855.

Cdfiso S, Graziano Di A., Silvestro Di G., Cava La G,
Persaud B. (2010), Development of Comprehensive
Accident Modd s for Two-lane Rura Highways Using
BExposure, Geometry, Congistency and Context Varigbles,
Accident Analysis and Prevention, 42, 1072-1079.

Carson J.,, Mannering F. (2001), The Effect of Ice Warning
Signs on Ice-accident Frequencies and Severities,
Accident Analysis and Prevention, 33(1), 99-109.

Chen E., Tarko A. P. (2014), Modeling Safety of Highway
Work Zones with Random Parameters and Random
EffectsModds, Analytic Methodsin Accident Research,
1, 86-95.

Dinu R. R., Veeraragavan A. (2011), Random Parameter
Modesfor Accident Prediction on Two-lane Undivided
Highways in India, Journal of Safety Research, 42,
39-42.

El-Basyouny K., Sayed T. (2006), Comparison of Two
Negative Binomid Regression Techniques in Deve-
loping Accident Prediction Models, Transportation
Research Record, 1950, 9-16.

Gustavsson J., Svensson A. (1976), A Poisson Regression

thetwSets x| M3RA M6z, 20144 122

Mode Applied to Classes of Road Accidents with
Small Frequencies, Scandinacian Jounal of Statistics
3, (2), 49-60.

Kim D. G., Washington S. (2006), The Significance of
Endogeneity Problems in Crash Models: An Exami-
nation of Left-turn Lanesin Intersection Crash Models,
Accident Analysis and Prevention, 38(6), 1094-1100.

Kim D. H., Lee D. M. (2011), An Andysis of Treaffic
Accident Reduction Effects by Driving Condition
Improvements, Journa of Transportation Research,
18(1), 15-26.

Kim E. C, Choi E. J, Lee D. M., Kim D. H. (2010),
Deve opment and Vdidation of Accident Modification
Factors of Two-Lane Rurd Roadways, Journd of
Korea Society of Transportation, 28(3), 131-143.

Kim Y. R, Kim D. G. (2012), Identifying the Safety
Effects of Explanatory Variables Affecting Fatal
Crashes Occurred on Rural Roadway Segments,
Journd of Transportation Research, 19(1), 57-66.

Li X., Lord D., Zhang Y. (2009), Devel opment of Accident
Modification Factors for Rural Frontage Road
Segments in Texas Using Results From Generalized
Additive Modd's, Working Paper, Zachry Department
of Civil Engineering, TexasA&M University, College
Station, TX.

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

Miaou S-P., Lord D. (2003), Modeling Traffic Crash-flow
Relationshipsfor Intersections: Dispersion Parameter,
Functional Form, and Bayes VVersus Empirical Bayes,
Transportation Research Record, 1840, 31-40.

Milton J. C., Shankar V. N., Mannering F. L. (2008),
Highway Accident Severities and the Mixed Logit
Modd: An Exploratory Empirical Analysis, Accident
Anaysis and Prevention, 40(1), 260-266.

Ogden K. W. (1997), The Effects of Paved Shoulders on
Accidents on Rural Highways, Accident Analysis and
Prevention, 29(3), 353-362.

Oh J. (2006), Development of Severity Modelsfor Vehicle
Accident Injuries for Signalized Intersections Inrural

673



Article A Development of Traffic Accident Etimétion Model by Random Parameter Negative Binomid Moddl: Focus on Multilane Rurd Highway

Areas, KSCE Journal of Civil Engineering, 10(3),
219-225,

OhJ. T.,KimD. H., LeeD. M. (2012), Development of the
Expected Sefety Performance Modd sfor Rurd Highway
Segments, Korean Society Of Road Engineers, 14(2),
131-143.

Park E.-S., Carlson P., Porter R, Anderson C. (2012),
Safety Effects of Wider Edge Lines on Rural, Two-
lane Highways, Accident Analysisand Prevention, 48,
317-325.

Park G. Y. (2006), Evauation of Accident Reduction
Effect of Road Safety Features and Development of
Estimation Moddl for Accident Reduction Factors,
University of Seoul.

Park J. T., Choi B. B., Lee S. B. (2010), A Study on the
Characterigtics of Traffic Accidents for the Elderly
Pedestrians on Rural Highways, Journal of Korea
Society of Trangportation, 28(5), 155-162.

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

Poch M., Mannering F. (1996), Negative Binomial
Analysisof Intersection-accident Frequencies, Journal
of Transportation Engineering, 122(2), 105-113.

QinX., IvanJ,, Ravishankar N. (2004), Selecting Exposure
Measures in Crash Rate Prediction for Two-lane
Highway Segments, Accident Analyssand Prevention,
36(2), 183-191.

Shankar V., Mannering F., Barfield W. (1995), Effect of
Roadway Geometrics and Environmental Factors on
Rura Accident Frequencies, Accident Analysis and
Prevention, 27(3), 371-389.

Shankar V., Ulfarsson G., Pendyala R., Nebergal M.
(2003), Modeling Crashes Involving Pedestrians and
Motorized Traffic, Safety Science, 41(7), 627-640.

Venkataraman N. S, Ulfarsson G. F., Shankar V., Oh J,,
Park M. (2011), Model of Relationship Between
Interstate Crash Occurrence and Geometrics: Exploratory
Insights from Random Parameter Negative Binomial

Approach, 2011 Safety Data, Analysis, and Evaluation
2011, 2236, 41-48.

Vogt A., Bared J. (1998), Accident Models for Two-lane
Rural Segments and Intersections, Transportation
Research Record, 1635, 18-29.

& FEMA - AFH

& WA XA @ Ol

S =2F10Y 2014 7. 4

S =EZAAIY 1 2014, 8 14 (1XY
2014, 9. 17 (2xb
2014. 10. 8 (3%h

& MAbEREY 1 2014, 10. 8

& BRI ¢ 2015 4.30

& 321 2y AlAtg

& 12l abstract W&

674 Journal of Korean Society of Transportation Vol.32 No.6, December 2014





