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ABSTRACT

PURPOSES : Using the collected data for crash, traffic volume, and design elements on ramps between 2007 and 2009, this research effort
was initiated to develop traffic crash prediction models for expressway ramps.

METHODS : Three negative binomial regression models and three zero-inflated negative binomial regression models were developed for
individual ramp types, including direct, semi-direct and loop, respectively. For validating the developed models, authors compared the
estimated crash frequencies with actual crash frequencies of twelve randomly selected interchanges, the ramps of which have not been used for
model developing.

RESULTS : The results show that the negative binomial regression models for direct, semi-direct and loop ramps showed 60.3%, 63.8% and
48.7% error rates on average whereas the zero-inflated negative binomial regression models showed 82.1%, 120.4% and 57.3%, respectively.

CONCLUSIONS : Conclusively, the negative binomial regression models worked better in traffic crash prediction than the zero-inflated
negative binomial regression models for estimating the frequency of traffic accidents on expressway ramps.
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crash prediction, Poisson regression model, negative binomial regression model, zero-inflated negative binomial regression model,
expressway ramp

Main Author : Choi, Yoon-Hwan, Executive Director International Journal of Highway Engineering
Korea Expressway Corporation. 805, Daswang Pangyoro, Sujeong-gu, http://www ksre.or.kr/
Seongnam-si 461-703, Korea

Tel : 482222304206 Fax : +82.2.2230.4105 ISSN 17387159 (Print)

email : choiyh@ex.co.kr ISSN 2287-3678 (Online)

1. ME ApIL7E apEI O m | TR Q1) & 38910 Agalal,
11. A7o HiE H =4 9669730 A TBIATHALA, 2010). EF A

2010¥ & LU} o AEEYS 1EERE 3W(2007~2009¥)7F & T 2ol A WAYEE L7hE A}
37K ®=A4 3,579kmel o]21, dEF 377 e A nHESS HH EA AAR 994 21 7)er 17t
o] ¥&E2E o]&3tal JTHEHEZFAE 2011). oA 22} 74.5%, 11.0%, 6.7%, 7.8%= rEFttt ! &

11.0%,
20109 g o §¢F &EER A= F 392479 wE A A AEER E4 9N dEAR 9 vEe

H

ﬂi

SR 2sts =2% - M43 M55 133



rO

£

Rl
N
N
S~
O
= R
B3
élv
Kl
of

o H
>

>
o

4y =

20 offt

i=)
o
1y
T
N
ﬂt{

3]

k
2o
Mo

k1
1P
H1
fu
RV RN
jn
iz
Siid
N
jako) "
o
]
rg Mo
<t
Xl ku

B oo
>
AN
_O|L
X
E
folt
QL

2
=
%
o,
u=)
e
5 o
3L
= rlr
ot
H 1o

o my e oo
W b fuoorok oph ok

ﬂ
e
o
_}L
Mo
R
>
1o
W rr
-
il
Jo
L
gﬂ
2

o
=

S~

e = J
-

e
=3

ox
Ol
o
g o2
il w'_ﬂ
\'U;ﬂ
] >
NI

&

ol N
>~
=
Kl
N
-
e
o
ok

Hu
ox
1o
=1
off
>
o
)

off M1 §2 N o L
b rlo

2 oe R
U
2

o

i
U
=
off
2
>
ox,
tlo
=
20
:c.ii.
[e]
o
%
fo
N
N

A
tn
U
o
>

ol ok
[}
N
>
e

s e

&

1P

H

U

1o

0,

HT
U
=
rN
R
ox
ot
o
o
4o
%
S~
X

=

T
T
>

~
al

(IS A U
>
El

S~
-

2

<y

2 o
o

T

=t

>

-

2 oo 2 o
;O

N o
in)

Rl

fo

2

|

2

oL lo

o e

2ok R L
= o > o

1o qfo

2,
ox
o
Hir
o
N
4o

ol
2
rN

M
>
e
o
>
o
%

o
o
m G
>
ox
2

oo, & AN I&E=R USEH/E71H 4
Zo A BTl AFARILY] Histo] SAuHY,
o

Mo ot &= &
l'ﬂ ﬂ.llO Oll'l i,
A

tu

ol
ol
K
by
o
ful

N
El
off
S~
el
k
Mk
oZ
N
N
olr
ox

o
H

=

U oo oft

>
ol

2
Rl ol

Rl

(U N [ 0

o
L

i
2
L

luj

et pt W o
o X

~N
D
KU
f

o

B
H
Fu
e
m
K
El
ol
>

e N
-
1o
>
)
2
ok
(o]
rlr
DO
o
(@]
ﬂ
ro
iz
vl

-
rJ
)
Kl
i
o
offl
ok
Q
2
;o
2
rO
ki
of T
>,
Kl
=2
N\
ol
E

N
=
Jo

o
qu
=]

AN
I~
=R

>R

T

o 1
BorE ORome duorR orfu fu

I
lo

3
do
ofth
=2
=
<t
Rl o
of
>
H -
>
il
tu
2
ofth
>
il

>
rE
=
i)
o
U
L
Hu
2
il
rlr 1o

=h

1%

[e]

o,

ST
w of M

%

o

iy o

= A

ol

o

U
2od
ol
fo
Ly
i
-
(e
9#
e’
oo
o ¥
o
l f 1®
B
ol
fo

o s
off
L
o
-0,
N
rE
tlo
o
o
ol
ok

L 9 r
I
2
ofll
foly
)

o Me
X

ol
L
32
o

=]
=
)
1=
lo 4

2
=
L
LT
H
ol
o -
o
ox
gl'.
2
£

1) eEEZESA 2007~2009E(
]

3
Bt DACR ADSIAE 2D

-
lo
K
1B
1
f
El
off
>

% W5 HlolEHo]AE 0]8-3)

2l
AdA el 2 ABAIAE ez wFARL
= o)

2
iu)
ES
o
rd
i3
ot

dH(2002)2 vl= BlAIZE

ko
ot
tlo
-
'
2
=
ko
oflt
-
Ay
2
rlr
i
(o]
o
c &
[e}
n

(negative binomial regression model)< ©|
o thojolZEd QIHAINAE d2R AF
M2, QlEAIQIA) do], HAAAR Zo], B4

ot

E -

T

w2 @ m

ro, £
SL
o o N I ¥ ogt & T K

o d
4
5
oy
)
i)
o
N

WFAILASEY S ESATE SolFe]

il

>
o

@ o
ox,

2 S 5(2008)2 20040 HFEA o)A WS
2 AR g-E I

our) Eob4 3| A mao] Hae Ao HAH
oA BEHOR Ae] GRS ML WeR

of M L ofr Hnorlr nZ K

134 International Journal of Highway Engineering - Vol.14 No.5



i~
1
[k
oflt
|o
U
re
iiny
u
oflt
fu}
il
-

oot
H
ot
o
s
oo
9#
52
)
)

gluj

i

rE

B

rir

i

0

=

o,

=

we =
U

ol off M

o 2

32 ju rz“lu N
ol
o

(EE)
=]

o,
r:Ll
olrt
©
S
@ By

20029 5-E] 2005717 4=
oF SEHJEAAA| M 24

ot
|m
ot

5

(o]
ro rlo
B

2

>
£l
-,
fu)
w2 T
Lk o
8 O
£ oo
ot
m
ot o
2 o
o tlo
s
o
QL
2
ki
of
>
Kl

AN I
b
ofl ol
rlo o

lo g
1
1
2
Y
1A
g o
_—111

oft Kl

0 it

o ot
o

U
A

B
il
KU
=z
ro
)
2
rO
N
H
ot

[/ R < A A T
Hel
o
)
X2

i
I
50
o

Shankar et al.(1995)+= v]= Ao E9 EA|I4T
& 48km 1kl His) == 7]3]—7“‘ L %ﬁﬁf\ﬂ At
atofl mAlE P ol 5
o}, E3L o] AtoA= F d?‘ﬁ'—J T, = 3,
TRL7E] A 5O & 7| 1LR R4S nEAl
of A-gsk3ict,

Bauer$?} Harwood(1997)+= vl=r ¥AE 9] 200
Mo AE2E oz aEARaLe} 7]5hx0te] w1
= ugslsiglct, 199345 E 1995do] WA TEAL
TE 7|Hro g Fol4dAnd W 20|33 ARFE S

J
golo} AT W, A 8 BEATAZRYS A
stoet. QA AR WEARS] GFS Tk F
2 A7t WEY, AR F4, AR o), @

3
27 AR L AAS
r+, *}F_OHZE@ e
sgaigion, 27

2 220 F o
H

-4 oz Hu
o 9 o
oo 0o X
T
=2

fru
)
ol
pac
lo
o

4
2
i

(A
-
=2
o
rir
s

Pl 2 A8
2 54

i
oft
=)
oo
L
ot
ot
Horf

=2 u
e
ot
mlo

4>(exposure)S E3HA|
AlZ=stodet, o2k Al
Safety Design ModelIHSDM)¥} Highway Safety
Manual(HSM)o| 4] AR 7|3 of|A] ARG w4
olt}, IHSDME} HSMoA = the 7]8k+% K¢k}
AdfstA agAbaLe] FFE & ¢ = A ol ¥

AADT & 3AlH= B 317 Al 94 AADTE 2

%+ Interactive Highway

22 0o|2d n#
2.2.1, uSA0SEY
WAL SR S flete] 27]ole A B
HAE 3] A2 (multiple regression model)©]
HIESHA ARE-=| ST}, SHAIRE AlgARILE B 4142 oln
OfehA] AL A Q] FEj = WAgs| ol T3]
AERFY S o] 8e AP HAo A7 2AstcHEaAl
5, 2007). webA WEARLS] o4k E4d(discrete
event)¥r g & 3t EZot4 3 A X F (Poisson
regression model)& E¢3st= Ao ¥ %8}1:}
(Washington et al., 2003). &y} Zol53]7mego
71k} Ao FUsitE 202 gAY T—}
A @4 over—dispersion)S 18 ¢ ¢ty & 2
oS3 AR Fa EL2 2UE Hto] ALSE £
EO Y7t QEZO R o]Fst

g
311/} Ao A9 WFARL ApEe &
IAE A 7F A SHA Elot, o] gt 3
AR FAE 25ty st SolFd AR
(negative binomial regression model)©] &% 4
AtHE7 A, 2010; Washington et al., 2003). &, d
o) WEAT BEL Banch Hate] 2 7l A
= Hol= Aol 7] ol ol& AT
o] = 483t 9 =01, Eq. @DolA

=]

=

AO]—

KeN ‘o Koo}
gxo] JEAAG a o] gho] 0olehe FFTt HA]
z

o}

A

=

=

pEE

o

::L

olA FolpEH 7} Adlsiie AES ‘41

#4144 a9 gl 0o

E3 - EH WEBAIAR = AEARLZE 0AQ] XE
O 2t7 Hl&O| =& A ol & sdst] Hsf Fx
o435 7] g (zero-inflated Poisson regression
models) & G190 3] A (zero—inflated
negative binomial regression models)S AR&-SH},
ojuf Y3 AEY Y ARG RE HHSH7] 95)
Vuong &Aool ol &Hth 95%9 AlF¢ad o
Vuong sA%ko] 1,965t ¥ JJI ARG AL
|5h= Zlo] A, —1.965ct 2o ZLolE3]
@ Ee FoldeARFol o Aot -1.967F 1.96

M43 ®M5s 135



o]
o AEjsle Ao] WAelch Table 1 471 U7
_]

Table 1. Characteristics of Regression Models

Regression

Models Characteristics

— Most basic model

— Applicable when traffic accident data
meet the equi—dispersion condition(i.e., if
a is equal to 0, or « is greater than O
while the t-ratio « is smaller than 1.96)

Poisson

— Applicable when traffic accident data
violate the equi—dispersion condition(i.e.,
if @ is equal to 0, or « is greater than O
while the t-ratio « is greater than 1.96)

Negative
Binomial

— Applicable when the Poisson regression
model is not apt to explain the fre—
quency of traffic accident data because
the frequency of zero—traffic—accident
location is high

— Applicable when the value of Vuong
statistic is greater than 1.96

Zero—inflated
Poisson

— Applicable when « is greater than O
and the value of a is statistically
significant (i.e., the t-ratio value of « is
greater than 1.96)

— Applicable when the value of Vuong
staistic is greater than 1.96

Zero—inflated
Negative
Binomial
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g AA=2E 9971,

20171 AR AADT, E2AFPA RS} WEALIAE
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(random)Z A H 487 UE5/E7]1HS wFALY
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L w3 A=(validation)o AHEE AT}
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E2AY 27 E FE39ch Table 20 Yok ¢l= 2t
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ZIZAM0lM= Alnel mis Feoll a2t 271 A B, C, D&
5fﬂ 1 & Cag 01y Alne Q25 mlairt wdet g
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=== Direct =P Semi-Direct = =

-» Loop

Fig. 1 Ramp Types for Trumpet Interchanges
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Table 2. Road Design Elements by Ramp Types

R Road Design Elements
Types
Length acL(:eer}g:gti?)fn/
Direct of Radius | Grade -~ "|Curvature
deceleration
curve
lane
Semi— Length |, . . Length of |y iation
Direct Minimum acceleration/
of .. | Grade ) of
curve radius deceleration curvature
Loop lane

* Minimum radius means the minimum radius between two
radius involved in the ramp

3.2, EMdH=

2R FPEE ERAYAR(EHHEP)L; LEARL
AFEEHa) o ASTE A5 t5344 4],
nPA9] A 4, A= HS, Hfeedback)
o] W& Bl A Mg Aot Fag, 7 =9

H=0] 1 g H(scale effect)S &°17] $3+¢] Table 3
oAl Kol upe} o] A tsHnormalization)E dFLE.
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Table 3. Normalization of Road Design Elements

Type Contents
Design Radius | Grade Length of Cur\{at_ure
elements curve (deviation)
Independent | Radius Grade Length of Curvature
variable /100 curve/100 | (deviation)x100

Selection of Independent Variable

- Selecting variables to be significant
through correlation and multi-collinearity
analysis

Selection of Model

- If a=0, Poisson regression model
- If >0, Negative binomial regression
model

Establishment of Prediction Model

- Building negative binomial regression and
zero-inflated negative binomial regression
models by ramp types

Validation of Models

- Examining the prediction performance of
established models using new data set

Fig. 2 Flow Chart for Modeling

4, Z2ME 7|8 wSADNSEY L
4.1, HyMH
Az fPEEE, 2442, 73 =AY A(E
HHP) ST S5 WeARL Aehe] A
+ Table 49} a1, A2 digo] &2 AFH
75 Mg $AH R el B3 tEy
A 28E ol SHEes o] Agsdone &
Qletar ©PA o] A F4e Fll p-value?] +oH|
sl AW 7hsdt WS HEHOR Table 59 2]
3) MEHAST B4ei20l DSASIY ARSE FO/8E 90%O
M 2AME.

(variance inflation factor; VIF)& 383
(tolerance limit)E ©]-&3tHA 34, 2009).

Table 4. Correlation Coefficient Analysis for
Variable Selection

. Length of

Type |Curvature | Radius | Grade acc /dec. lane
Direct | —0.040 0.202 |-0.305 —-0.047

Curvature | Minimum Length of
ifpes Deviation” | Radius et acc./dec. lane
Semi~ | _ 057 | -0138 |-0213 0.070
direct
Loop -0.131 -0.142 |-0.174 -0.047

Table 5. Multicollinearity Analysis for Variable Section

. Length of
Type Radius Grade e .
Tolerance | gq 0.990 1.000
Direct | Limit
VIF 1.010 1.010 1.000
Minimum Length of
s Radius Cirzie acc./dec. lane
Semi-| Crranee| o7 | 0753 0.740
direct m
VIF 1.166 1.328 1.352
Tolerance | g77 0.993 0.982
Loop Limit
VIF 1.024 1.007 1.019
VIF, = -
7] A,

viF, - i A S e EAbE A QIAL
(variance inflation factor)
1-Rr? AR E4= 3]8-A](tolerance)

R, A Sy et FEHp it oAl

Eq. (DellM= i A SysrE YA Sy
I AL QTR =00 VIF; 9 3]8-A]= 1] H
A, A ST YA SYResat A
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AASHTO, 2010; FHWA, 2011) 2 Oq?Loﬂﬂi ARgRE
WEALL = ZE A5 (exposure)= A} Ze
EXPO(exposure)

= AADT. X L; X 365% X yearx 10 (8)

o171 A,
AADT=RFALA 52 & o4} 19] AADT (d/%)
L= WFARLA oS T4 18] A% (m)

year = &A47|7t, & A4 = 34

o7 N&EEF YEE/REIE dERE ¥ v Sny
o i8] A= HZS(Goodness—of-Fit)S &t -
T=H](p2)e} FA4E A9 p-value §38ko] A3 4
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Y= EXPOxexpla+B,X, +5,X,)
= EXPOxexp(—0.575—0.221.X; —0.103.%,)

9

Y= EXPOXexpla+ B8, +[32X2)
= EXPOX exp(—3.565+0.884X, +0.412.X, )

(10)

Y= EXPOxexpla+ B, X, +5,X,)

= EXPOx exp(1.449—1.563X, +0.167X,) D
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Y= EXPOxexpla+ B, X, +6,X,)

(12) N
= EX PO exp(—1.195—0.407 X X; —0.650 X X, ) X, : 7HSARR o]

oJ7]A, s Lol o v

B Ao &g o] L H|(p2)9} p—values Table 63}
AT A8 N
I L 231, McFadden(1976)e] oJstd $-=4](p2)9] ol
X, 7RHEALR o] 0.2~0.44t019] F& 7MY BYL ofF F2 49
S 7Pt BAbE T Qlek B A7 B4 Av) Sw
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T ol 2u 8 AyEel Holvt 9SS BT 4 U
Y= EXPOXexpla+p,X, +5,X, +5,X,) .

o E3F A4y, FAAY P 1Y Az o

2 A
= EXPOxexp(— 1.114+1.116 X X, —0.384 < X, — 0.439 X X; ) B T
ot ol FB AR 9 Vuong AR 44 -

1

13 0957, 1.996, Te)71 ~1.7412 BAE L} o] 47

A7 Y3 2xye] Aok £ 2Y 5 ofue myo] A3y

X, 1 TN A e 5 QIolet o, £X 472 Yol

1 =" 0
23S ALE= Ao] o 288 9u|3t
X, %—%76]/\]- °= ]—00]- /\] ‘]—o‘ E"]] E]’

X, L 7HREEALR 4o| 43 DEZS
oo

OF AojlA] Kl uiel Zro] AAR FedR 0] 3]

s e AEgy} Juto)golgdsAng el 75 SAHol A=

Y= EXPOxexpla+p, X X, + 6, X X;) (14) Ak ATHE Bo|w 9rt wheka] B Lol A ke

= EXPOx exp(2.287—0.218 < X, —0.657 % X;) ol AA ArE A8 & AA wEARL Aol

Table 6. Comparison of Traffic Crash Prediction Models by Ramp Types

Type Constant Radius Grade =g «@
acc./dec. lane
coeff. -0.575 -0.221 -0.103 - 2.24
Direct p—value 0.164 0.085 0.088 - 0.021
p? 0.072
Negative coeff, -3.565 0.884 - 0.412 3.17
binomial -
) Semi—direct p—value 0.006 0.069 - 0.072 0.018
regression
model - 0.236
coeff. 1.449 -1.563 0.167 - 1.33
Loop p—value 0.018 0.028 0.089 - 0.023
p? 0.085
coeff. -1.195 -0.407 - 0.650 3.378
Direct p-value 0.248 0.018 - 0.068 0.011
) p? 0.173
Zero—inflated
negative coeff. -1.114 1.116 -0.394 -0.439 4.210
binomial Semi—direct p—-value 0.165 0.001 0.000 0.014 0.023
regression p2 0.344
model coef. 2287 - ~0.218 ~0.657 0.961
Loop p—value 0.011 - 0.099 0.075 0.075
p? 0.082

Note) If « is greater thean O and the p—value for « is statistically significant, then the negative binomial regression model may be

applicable.
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W, N wEARLC SR o] AA WwEALL AeE 23 dARANE FUsHA YEdth 53], 939
duht HASHA 5T 5 Uk AES Bast Aok olFIARG] A9 WFn] HERY HAY 2 27
o|F 9Isto] Y Fdo] AREHA B AEER AFd A% AR HE TR UsRY £ dZ R4
2ol A dojit AA| AFAL Apot WEALSEY FolFIARFHEY HjFoer & eAes Hlt
= 59 olSH WEAL A5 Table 7oA Helwp HAHOR Moy N&wR AFRA wFAL
of Zro] mlusl HQtth R ol A 2 AEAR]  dSEFYS FUYZFolFI ARG Hk= ol AR
A= 12700131 o] F WAL HAS ddenks PO Al &Yl & v & Ao g uekH
Qo AFS AN ol Fi oAU wEATCIEZEYY o5 oA Fuy a9az
Pt uSol ARG gt REALAZHS  F @] WEET o] oxpgo] AHoR 2 AL
A okow] A het gk ol7]M SR A B % glrk 0|9k Zo] 2xkgo] B2 AARe| Hl| &
A WEAT 50t o ZE WEAT 715 Aol o Wl WE] AXE AL Anc|FnYo] T BEATRE
e AA AFALASE U gholtt A (exposure)®] FF AOoE WHECT WFARL
Table 7oA B9l ule} o] ARAo R =iz e  =3ATY B4 4 aFdo] soldes weAhlE
Ao zado]l BE AAR §3o ot o oxp I FTFM Hed AARE wEEe] e w5l
£2 Ho|u 9t} ol wEAWS} WEE oz gol = &Rl ARLUSTE A BT QlojAf oje} o]
SAAEA Al wERS Ezedacl s  LAREC] woMle At WAcks AoR weHr,
1280 5)EL nE pEATGERY] tr] B3k JULE, ZFUNE] AGE £2EY dERE B
Ao Zq 9olo|alT TkElth waF 2+ AAEme]  WEARL A AADT 183 FAZolE 747F 0,837
gto @ olle] WEAITG|ZRE Auto] Abew Atm /349, 4,064t/ 221 578melE] Hle Eu| Us
40 HEE JFG 791 A0 wEn e Ad% dare] wEAal A, AADT J2jal =
Table 7. Validation of Two Types of Traffic Crash Prediction Models
Actual NBR Model Zero—inflated NBR Model
Type Location Frequency | pregicted Predicted
of Crashes | Frequency Error Rate Frequency Error Rate
Nam—-Gumi(off-ramp) 3 1.49 50% 9.43 214%
Nam—-Gumi(on—ramp) 2 0.15 93% 0.33 84%
Seo—Cheongju(off-ramp) 1 0.48 52% 1.66 66%
Direct Seo—Cheongju(on-ramp) 1 1.1 1% 0.91 9%
Yeongcheon 2 0.09 95% 0.39 81%
Jeomchon—Hamchang 1 0.09 9% 0.08 92%
Chilgok 2 1.39 30% 1.42 29%
Average Error Rate 60.3% 82.1%
Nam-Gumi 1 2.03 103% 4.06 306%
Dong—Chanwon 2 0.67 66% 4.28 114%
o Bibong 1 1.23 23% 176 76%
Semi—direct
Yeongcheon 2 1.37 32% 1.62 19%
Okgok 2 0.10 95% 0.26 87%
Average Error Rate 63.8% 120.4%
Nam-Gumi 1.59 47% 2.46 18%
Okgok 1.31 34% 1.46 27%
Loop
Jeomchon—Hamchang 3.30 65% 4.54 127%
Average Error Rate 48.7% 57.3%
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