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ABSTRACT

PURPOSES : The intents of the study are to identify the accident factors and to demonstrate the potentials of tobit model as a tool to study
the number of accidents on arterial roads segments.

METHODS : This paper uses a tobit regression as a methodology to analyze the factors affecting the number of accidents. In pursuing the
above goal, this study gives particular attentions to analyzing the data of 2,446 accidents (1,610 in major arterial roads and 836 in minor arterial
roads) occurred on arterial roads in 2007 to 2010.

RESULTS : First, 3 accident models which were classified by total arterial roads, major arterial roads and minor arterial roads, and were all
statistically significant were developed. Second, the exclusive right-turn lane as common variable, and the number of accident, traffic volume,
number of lanes, link length, rate of median, number of entrances, number of pedestrian crossings, number of curves, number of bus stops and
exclusive left-turn as specific variables of the models were selected. Finally, the paired sample t-test could not be rejected the null hypotheses of
three types of models.

CONCLUSIONS : Using data from vehicle accidents on arterial roads, the estimation results show that many factors related to roadway
geometrics and traffic characteristics significantly affect to the number of accidents.

Keywords
accident model, arterial road, paired sample t-test, RMSE(Root Mean Square Error), tobit model

Corresponding Author : Park, Byung Ho International Journal of Highway Engineering
ChungBuk National University, 52 Naesudong-ro, Cheongju,
361-763, Korea

Tel : +82.43.261.2496 E-mail : bhpark@chungbuk.ac kr

http://www. ijhe.or.kr/
ISSN 1738-7159 (Print)
ISSN 2287-3678 (Online)

1. A2 AL 4= 2.8 02 A7} apotE] ] ohe W] Ao}
11, g7 8 E =5 AYE AL 32702 5 309 E AAEA2H
OECD B+#¢1 1.27 ¢l H]3f oF 2,34 o] HAgt Ao
& UEthER 53w, 2011).

B!
3

WASE  olo] WEALE FAAYIL ARAE Fo|7]
v o
o

LEAL o UEE 9 8
2] WEALL APRA} 4 HAaAE Kol
Ak e AEA 19 oY READ %
2009¢ 7]& 111.4746=2 OECD H+<l 55,

© AF7} AEFH o2 o]Fojx|1 it} WEAIIE=
3 2,08 £& Ao® vebdt =3 A5

3 Q.9lof Q&) Wyshy, wARe} ZtREIHS giAke

S=E28ts =2% - Al15H M2z 131



SARLeE ARaLR Q1o HAE
A7h 2ds] Y= . 7]

o Ho i =
[0 o2 W N FJ
g L
QJ o ©
2
=)
i
‘5
>
ki
=2
o
ok
o
=
N
N _l
ko 19
[e]
rlo ol?n
Rl =
o ol kol

fo
e
N
o
-
N
£ o
-0
H
Hu
riok
o,
fo
o
o=
rO [
2
fo

-
op
Brl"

Q
K3
|\
3
ot
o
4
A
ﬂ -
2
Hu)
ok
N
ok
o

o,
o
(@]
o,
el
1o
=
tlo
N
N
)
o
ku
ne,
oX
ot
T
O

4 o F

2 T

=
2
o
toh
s
3
ot
=2
N
N,

SN ™)
30 (o o oo

”r 2N

ox rulo

o

%

i M
(o
HU "
)
i

TSt Gt S AATE ¢
|(inconsistent estimates)E ZH
SA9E 7HAE 4 3

oJof o] Ao A= Tobin(1958)0] /Wt Fr= At
3] 2% (censored regression model)¢l Tobit &%
= o-&sto] MR o) AbAL Q1% EAISAL, ARl
P& F5h= L FF o] Sl

rr

f N oot poh o (A ol

L

|

n X or lo>>E>4E

2 o Oob i x4y o of

T RFA HHER A AT LEATLE
gios sigon Eeasgne] REALRAAA
Hl(TAAS : traffic accidents analysis system)2 &
3 2007~2010d¢] BFASE Al A2 E SR 84t
FBART AutoCADE olg3to] 7|elrzAas
Sh, BYRAE Bo) uoeklt, LEFS 15

AR, BEGFETL 5 LE B BIA0 4nE

C Introduction )
|

4( Literature Review )7

|AccidentModels‘ | Tobit Modef |

|
—( Data Collection >—

| Accident Data ‘ |Vuriub|e$elec1ion|

'
—( Model Development >7

| Correlation

|

e

BN e

‘ | Accident model |

!
( Conclusion )

Fig. 1 Study Flowchart

Ate] #leye E}—%ﬂ 2ot Argold o
oﬂ/ﬂ ES —E—?ﬂ_% HEs}o]

4 EN}
shan, exxe] LU 3H0) SB(H, A
W 7|Ep TRk g Aushich SEAY

& ulAE Ao RAE Y,
E3F RMSE 84 27, 43¢ g4z Ae)3t 58
zgo vls) &H GFH Kol o At Aoz Hr}

5]‘213}.
SH 520100 A 2R =R AR S
(AMF - accident modification factor)& 7H&al4l

ALGEAS FERoRE JPEE} AEYF

_/’\_

o

WE, APAAAY), EXOIGEGEA), FYHe e
MR8 MR on, BFL ol gte] ALE A
Sohct AT AT SASE 910 e 5A %
2 489S Ao vmEAsgon AR Ay
BTt B mRTL] AEIHGES A9o) F9 A
SRt gEstE £ J0E BrhE e

AnEYE FESGT MR BY(Eoks W Lol
e olgote] AMMERGS ALstgon, Hhat
= A% 23 Zolbugutt SolFuol AU A

T« = =~
2 7M. mE(Eos W Solah) e ol ste] Abag
PRGN, A ) AT 201 A
. Ak 9 EPDO B3| $EHAE 255

AelE|glon xfejae) Aol £

—
A 9 ATAES] 1 B ARE Fe

= Hhs g,

132 International Journal of Highway Engineering - Vol.15 No.2



U4 5201202 FATA TR0 FHAGIY 2
e Bl 349 BYTA Fe= §PL THt] 1
S0 WEAT S4E RSt B2 S0
THo] gl 497k Abagol 7V ggtom, 1 thgo
2L FUTHl 9l 49, 293 FHUIHol 27
oJARl AS-2 Lhehidet,

o8 520120 AWF E2E 222} tkE A
o= HEsto] ARLEAdS A 5}J~ s skl
o} ERR] wEAbaLE 079 WIET =4 vepdTh
< A& st} Ao BjAdg A 845 AWt ¢
S22 % (hurdle model)& o838t 23S 5319t

Anastasopoulos 5(2008)2 <ltjofju} EAF 7t
A =2 AR E ©]-8-5F0] Tobit 2% 9] 7Hsd&
HAESYT ERELHS 3374708 FHREL] AEAL
e 2y skl en, Maddala Pseudo—R*7F
0.9482 Uel}, mgo] Zgket Aoz Byl &
gk AFLZE 07AQ1 b 170 o))l t7bol oigh wizt

Anastasopoulos 5(2012a)2 ZA|H F7HA =25
A S 2 random-parameters Tobit %&} fixed—
parameters Tobit &8-S |- EA54ct X2 EA,
T2 73R, 1ER B 52 WaeE AMESI] Tobit
2yE st dE £ ngs vagh A
fixed—parameters Tobit Z&of Y3l random-—
parameters Tobit ®&o] & 235t A o= H71E g,

Anastasopoulos 5(2012b)2 YA E a2 =&
of ATARE ol§3to] AT HAE BHE FEA3
o, 23 3= A univariate tobit ¥ o] H|3|
multivariate tobit Z&o] o A&3t Ao LelF O

Z3) multivariate

o MSE(mean square error)&
S0]3} By} v|wdt A} multivariate tobito] T©
Astst Ao 7 BAEIT

2.2. Tobit 2

Apa74er o] F4s7t oA W) kol A s
9 2 gl AE g 3 FE AuEs 542 2
ArPo= T3] XY (censored regression
model) ¥ A3 2 (truncated regression model)
o] Qlt}. o] 5 HAE Tobit Lol Han FEdd
A E 22 BA% EV(Tobin, 1958)°l 2] A
QHEQITh Tobit 2EE HE2 $5H47F 0% B¢
off #&sHl ol&5= Aoz d=A qlom dukzo
= Tobit 2¥2> Eq. (D3} o] £&E - qlth

vi=Bx+e, i=12,-n
|:yi =yi*(l:f y:>0) @
=0Gf y/<0)

Y S om

Eq. MellA vy 9] 3t Bt 4= Qlokd guky
AR A8t po e FHY 4 o,

= F5UE v 20004
g ol&sto] JAX}AWQE —?—Zéﬂﬁ E(e)#0
= B YA =

ojo} Zro] Hct®l Amo tfsf 1% =l B
(maximum likelihood)& ©]-&3}o] & 4
= 9 itk o] A9 AA FEo| et S= <=
(2)¢F &tk 9714, 9= BEAHFEEY Yy
(density function)& YEtWH, o= EEAFEE9)
AR seE e

o

LT
[0 > A be

—lN'

L=T]8() H o(y,) )

¥>0

InL=3In(-oB))
0 614 (3)
+3[InG,+Ing (5]
0 u

23. A9 x1ES
29 Tobit ZF& o83}
of mg5 FEaglthe HolA AaAgel . 71E A

MR B (EokE 5

2, 2
Solah), 23l Wl X2y 1Y 5L o|gste] AnAs
WARALE BHS Austech 2o ATas]
Aol &0 glo] U 4 §lonR Qe ool
W R WAE FEUSE S ZEAUE AR
o o A3he Aoz weeolet




AERE AlZeishe gl AbLzds7t 091 7-3bo]
Th= WS O, Tobit 23 thge] $45W471 0
A Aol +83H o= AR dHA

3.1. iz =%
WEAL datas =2uEFH9 o

S vlE, A2, YR es S8
AR, AEAR §-5F 9 HAAR F 75 &
252 FEFA, AutoCADE o] &dle] L&35 3 &
A2AME ol Heetglon, wEge wE I B
A o] AL A RE 851t

Ard WEALL A4E Table 13 2t} 20109 9]
ALY 7147102 7H w@erem | 20074 5-¢
AR 14.4% F7Vob= FAR ZAE QI A5+
ALAGE FUHAER7E 403702 HRAER

Table 1. Number of Accidents by Year
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Table 2. Definition of Variables
Variables Symbol Definition Mean Range
Number of accident Y Average annual number of accidents 0.73 0.00~11.00
Traffic volume X, In(Traffic volume of link) 9.31 8.01~10.69
Number of lanes X, Number of lanes at link 2.15 1.00~4.00
Link length X, Link length 435.33 25.28~1,866.23
Rate of median X, Median length/Total length 7.84 0.00~91.22
Number of entrances X, Number of entrances at link 2.55 0.00~16.00
Number of pedestrian crossings X Number of pedestrian crossings at link 243 0.00~13.00
Number of curves X; Number of curves at link 0.25 0.00~8.00
Number of bus stops X Number of bus stops at link 0.75 0.00~5.00
Exclusive left—turn Xy 0 if there is no exclusive left-turn, 1 otherwise 0.55 0.00~1.00
Exclusive right-turn X 0 if there is no exclusive right-turn, 1 otherwise 0.10 0.00~1.00
Grade X, 0 if maximum grade is less than 2%, 1 otherwise | 0.46 0.00~1.00

The value of the average and range were based on the total arterial roads(major and minor arterial roads)
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Table 3. Result of Correlation Analysis for Total Arterial Roads

Classification| X X, X, X, X, X; X X; Xy X, Xio Xy
T 1 - - - - - - - - - - -
X 0138 | 1 - - - - - - - - - -
X, 0.015 |-0.721*| 1 - - - - - - - - -
X, 0.173* | 0.232** |-0.218**| 1 - - - - - - - -
X, 0.097* | —0.115* | 0.156** | 0.177** | 1 - - - - - - -
X, 0.193** | 0.420** |-0.399**| 0.552** | =0.076 | 1 - - - - - -
X, 0.188** | 0.398** |-0.397**| 0.598"* |-0.152**| 0.737"* | 1 - - - - -
X, -0.034 | 0.021 | -0.060 | 0.404** | —=0.020 | 0.157** | 0.156™ | 1 - - - -
X, 0.196** | 0.10* | -0.082 | 0.264** | —0.014 | 0.279** | 0.195"* | 0.252** | 1 - - -
X, 0.161** [=0.194**| 0.339** |-0.120**| 0.142** | —0.076 | -0.16* | 0.025 | 0.092* | 1 - -
X 0.099* | -0.070 | 0.089 |-0.006 | 0.128** | —0.018 | —0.066 | -0.116* | 0.011 | 0.121** | 1 -
X, -0.036 | —0.043 | 0.061 [-0.099*| 0.042 |-0.132**|-0.156"*| =0.064 | -0.102*| 0.012 | 0.019 1

**_Correlation is significant at the 0.01 level (2—tailed). * Correlation is significant at the 0.05 level (2—tailed).
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Table 5. Result of Correlation Analysis for Major Arterial Roads

Classification )4 X X, X, X, X, X, X; X, X, X X
¥ 1 - - - - - - - - - - -
X, 0.240" | 1 - - - - - - - - - -
X, -0.061 |-0.522*% 1 - - - - - - - - -
X, 0.057 | 0.033 | 0.061 1 - - - - - - - -
X, 0.056 | 0.063 | 0.082 | 0.518** 1 - - - - - - -
X, 0.303** | —=0.013 | —=0.048 | 0.204** | —0.061 1 - - - - - -
X 0.183** | 0.055 |-0.084| 0.090 |-0.213** 0.490** 1 - - - - -
X; -0.021 | -0.004| 0.013 | 0.376**| 0.136* | 0.109 | 0.134* 1 - - - -
Xq 0.171** | =0.117* | 0.031 | 0.171** | —0.093 | 0.350** | 0.336™* | 0.197** 1 - - -
X, 0.044 |-0.024 | 0.110 |-0.113*|-0.197**| 0.021 | 0.000 |-0.037| 0.039 1 - -
X 0.019 |-0.020 | 0.234** | 0.168™* | 0.154** | —0.074 |-0.171**| =0.1177* | =0.09 | —0.051 1 -
X, 0.014 | 0.028 | -0.048 |-0.004| -0.016 | 0.041 | 0.001 | 0.022 | 0.046 |—-0.035| 0.042 1
**_ Correlation is significant at the 0.01 level (2—-tailed) *. Correlation is significant at the 0.05 level (2—tailed).
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Table 6. Result of Tobit Model for Major Arterial Roads 2Tt ALZAZ0r 9013 ATTALS ZH WanL 7
Variables Coefficient z value p value 7+ 4dol(X,), ?ﬂ%ﬁﬂ—?—?()@), St = (X,) W A7
Intercept -17.970 ~5.087 0.000 A4(x,)7F AT GOt BE Wi Apahs
l 175 | 4 | 0.000 of o] WAT Ak AR WAEYT EE RE W
;( I $59) VIF o] 10 ofsi2 thgadAe] BAE g
X; 0.536 5.409 0.000 Ao e
X, 0.499 1792 0073 Tobit © & ©]-§3to] E43 A¥}= Table 87 2
X, 0.988 1.751 0.080 o, Yo e (X9 $3A HEAR F- (X))t
c? 2524 SR YHELL, o] MpEY pikd AlFeE
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Table 7. Result of Correlation Analysis for Minor Arterial Roads
Classification Y X X, X, X, X, X, X; X, X, X X
Y 1 - - - - - - - - - - -
X, 0.073 1 - - - - - - - - - -
X, -0.007 |-0.827"| 1 - - - - - - - - -
X 0.224** | 0.345** |-0.227** 1 - - - - - - - -
X, 0.057 | 0.110 |-0.152*| 0.015 1 - - - - - - -
X 0.260** | 0.519** |-0.417** 0.623** | 0.215** 1 - - - - - -
X 0.343** | 0.436™* |-0.372**| 0.710** | 0.113 | 0.761** 1 - - - - -
X; -0.044| 0.012 | -0.017 [ 0.455** | 0.095 | 0.167* | 0.155* 1 - - - -
X 0.242**| 0.138 | -0.078 | 0.292** | -0.074 | 0.279** | 0.200** | 0.263** 1 - - -
X, 0.141 | -0145| 0.121 |-0.055| 0.093 | 0.006 | 0.072 | 0.095 | 0.126 1 - -
X, 0.146 |-0.070 |-0.001|-0.086| 0.152* | 0.006 |-0.036|-0.097 | 0.059 | 0.117 1 -
X, -0.093 | -0.053| 0.030 |-0.120 | 0.136 |—-0.151*|-0.154*| -0.079 | —0.138 | -0.084 | —0.010 1

**Correlation is significant at the 0.01 level (2—tailed)

* Correlation is significant at the 0.05 level (2—tailed).
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Table 8. Result of Tobit Model for Minor Arterial Roads

Variabe Coetfficient z value p value
Intercept —2.374 -4.996 0.000
X 0.341 4.339 0.000
X 1.201 1.844 0.065
(o 2137
Log likelihood -179.419
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Table 10. Result of RMSE by Type

Classification Tobit Negative binomial

Arterial roads 1.091 1.267
Major arterial roads 1.322 2144
Minor arterial roads 0.868 1.124
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Table 9. Paired sample t—test by type

Paired sample t-test p-value
e - - Coefficient
Classification Standard Error | 95% Confidence interval | t-value ) (two—
Mean . of correlation .
deviation | of mean | Minimum Maximum tailed)
Total arterial roads 0.011 1.092 0.050 —0.088 0.109 0.213 0.397 0.831
Major arterial roads 0.000 1.325 0.076 —-0.150 0.150 0.005 0.431 0.996
Minor arterial roads 0.029 0.870 0.066 -0.102 0.160 0.431 0.379 0.667
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