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Developing Rear-End Collision Models of Roundabouts in Korea
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Abstract : This study deals with the rear-end collision at roundabouts. The purpose of this study is to develop the accident models of
rear-end collision in Korea. In pursuing the above, this study gives particular attention to developing the appropriate models using
Poisson, negative binomial model, ZAM, multiple linear and nonlinear regression models, and statistical analysis tools. The main results
are as follows. First, the Vuong statistics and overdispersion parameters indicate that ZIP is the most appropriate model among count data
models. Second, RMSE, MPB, MAD and correlation coefficient tests show that the multiple nonlinear model is the most suitable to the
rear-end collision data. Finally, such the independent variables as traffic volume, ratio of heavy vehicle, number of circulatory roadway
lane, number of crosswalk and stop line are adopted in the optimal model.

Key Words : poisson, negative binomial, multiple linear and nonlinear, ZIP(zero-inflated Poisson, ZIMB(zero-inflated negative
binomial), rear-end collision, roundabouts
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2 fgigFF oz oy 5 EA AStoA= o 1} Table 1. List of variables
QERZ7 PES & 5 okl ¥l ok . Standard | Skew- ‘
_ Variables Mean Deviation | ness Kurtosis
oje} Fo] 7|EAFMNE F& Rt F2 1%
T, Rear-End Collision Y, | 2936 6.723 4.041 | 17.576

i } Traffic Volume X, [ 17189 | 18352 | 2762 | 9.124
SRR O] ol TAlE A EHA] 7H | YT ——— :
- - - - = atio o VErwelg
oL FT A= 5 W FFaES EA5) Vehicle Ay | 89741 T84 1371 2275
= el 2EEe JAnARE LES= XS A Diameter of Central Island | X, [27.049 | 26.002 |4.625 | 28.759
AlBIAY A2 E AZsto] o2 g5 v - B Circulatory Roadway Width| X, | 5412 | 2249 | 1.605 | 3.135
Aok A7t A= Number of Cireulatory | | 1606 | 0907 | 1578 | 2099
AT A0, B2 9 ALFHAAS ==

sz B /\]'_’Ea 7]']‘:”'01] I:H?‘S]— 04:17-7]' X];ﬂE] Number of Approach X | 4394 1.050 0.744 | 0911
Enl [¢)

R e v = ° Approach Width X, | 5331 | 2249 | 1343 | 1507

Average of The Number of X, | 1465 0551 0797 | 0.468

o
re & kI oy

glovt, S mAzoA WA A FEAT
[}

oz @ A ololA A it ok WA of Approach
FoHE AR =] & FET Y Az} Median Island by Approach| X, | 0.766 | 0426 [-1277| -0.378
229 AgloA AL 5 = $AE EAof w2 Number of Crosswalk | X7, | 0.904 0.390 |-0.900 | 3.032
AH] B Z2E5A0E gtz Alnnde st Number of Speed Hump | X, | 0.149 0.358 | 2.004 | 2.060
93\1:],35:]:,” %1\01 7]%?1:[7_2]‘ i]_%/%] O] %q Yield Line X, | 0426 0.497 0.306 | -1.948
Stop Line Xy | 0.223 0.419 1.350 | -0.183
3. B0 & 4 N _
S 485t AlFE4E 95%(a=0.05)% gt Pearson
3.1. R24E FHASE Fl Mes Y e BEASHIH:
S} 10074 S ARl A AP 5 ARal= 1,023 WEY, TTLTHAY, AR ARE, IR Bt
Aolm, o] F ZWFE AT 607, ZEAIE 276 AR BAA HF Aeh DS WA U
7, ZJeRbTr 7, AWEE Al RoR ey 02 BAE
) SR nETTe] WEALT EAAAE(TAAS)S o] 3482 S50l digh S 7] A
gato] AR} QIF @A, AFLSE W WL 3} UAZE #2A9] oS ouigtt}. olF ilHHA] ¥
B 5o 85 3 9 Aok 1 RGS 5T A Y 750l ARE SN
o] BaFt EYHSES B4 BAT JAbx 7b qae s ohe 2aE TRAA 1P AW
A E3) 71229 7S 22519k E3F CADI} g2 AP =5 A= ATl FYskA &2
A W YA B Jlet wARE THRL ARE
222159t} Table 2. Analysis of multi—collinearity
Classification Tolerance VIF
3.2, #HeMA Traffic Volume X, 0.42 236
=3 EN T - FEnAA R PSR =1 0 ko) _%_%/\]—1( Y])E Ratio of Overweight Vehicle X, 0.86 1.16
6@3}%]:]'- %‘aﬂ %_/'\_% %%}—/\} E?% %%V})P —E‘d‘% (lj)lamleter of Ce(;ltral Isla;l(:l X, E.SO ?02
- _ - = irculatory Roadway Widt X 57 7
£ WEDI SfE vjel TR ARG SAeigon] 5 o Imbw B % AT
7]'X—',]_Q_E%ﬁ@ﬁ%&%%*ﬁ*}ﬁﬂc@ﬂ%%% umber of Circulatory Roadway X; . .
- - _ _ Number of Approach X 0.70 1.42
3t A3 olF Edi2 s mapzof A Ty : :
-y A]—jﬂ— 04“_1]_0] 0o Aoz YL]—E]-Q o _,;_(} Approach Width X; 0.23 438
I e B A O AT e = e, - Average of The Number of \ 0.26 331
2 B7E 5 AR T 13 SYRSE 4y Approach i '
Qom, olo 3t FH, EFHAL r 2 Hx= Median Island by Approach X, 0.64 1.57
Table 13} Zth Number of Crosswalk Xy 0.81 1.23
Number of Speed Hump X, 0.59 1.70
3.3. Q-?-_I‘-?-_I‘ﬁl |:7|_<| L—_%_g_ﬁg 'E‘A—-! Yield Line X 0.70 1.44
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BN BE| K|, H29F H|65, 201414 153



o

d e vk SR8 SARAZE 0.1 o) gel, VIF
(Variation Inflation Factor)glo] 100|gte 2 EAElo] o}
T5AEY A7 fle AR vEbdth

4. A2 sy

y=oa+pz,+ -+ 8z, te

3ol 3] (Poisson regression) M- 3| E Ao
U WY ARES B4 o8 ASE: muow,
A AE = FFEONA 0°(zero) EFHTE AR
B3159} olo] niE SERIE WHTh Told 2
o SEUE Bt 4 9 2k

)
=
3

S

¢

exp(— )N

pr(){i:k)(i):T"7k:071727... ¥

2018} 3|7 (negative binominal regression) H&-2 A7
o 237} IZ4iHoverdispersion)& LERE - ok
P2 283517] oz Hol 7] "zl o & si&st
7] 918 A5 ApgERs maoltk Sola 37 wRAL
3ol B9 mFAof et = A9l FEiE A ()

7} e,

T(k+1)T(a™ 1) )

o
4

Ak
A%

ZAME ] 2 *}Zjo A
3

o

T

T

_L4

O

l'fU

_{

N

3

oﬁ

o ol ﬂllﬂl
e

_|>: _‘1.{
)

=

= B35 AHE /‘Pd Rl
gg-oltk. ol 74 E}E?& AFaLe] Ul“a“é‘% AF=

WSHA] 2 Olé‘*é% o =A ditE &
g HolAl Hoh olF Y 4 e RFdd=
ZIP(zero-inflated  Poisson) &3} ZINB(zero-inflated
negative binomial) ©.% 5] =t ol= EoREH} =
ol NRF Y FHH FEjolth e @)k O)=
ZAM(zero-altered model) =& 2] AWt <l S e}

=
& WA 2t
3
(o]

154

for

W gk
P( |X) (1 ) 0471 ot 4
=0 b —1+/\i )
Ply, >01X,) = ©)
Ia ' +y,) 1\ Loy
(1_pi) F(Oéil)[‘(y,+1) (14»()()\1.) (1_ 1+(,Y)\l)

4.2. JIRE B B
E/\]—J—( Yl)i 5

MR gold, Zolg IS
2 = 4371487 032 7HA =
sfo] Table 33 22 Z3E

R
Wi

=
F2=35k9, 1007
2 ZAMS F71E
Atk

szobs 9l ZIPL WEEH X)), F
AR - (X,) 7 MR XH%*FJ%LD%, $E=Hl= 7t
7} 0.655%) 0.6772 EAFOR 993 Aoz BAL]

-
H

JR AR (X) U

A

d

oAck. A W F FAWEHYH| 425,
A A7} SRS AL S7bsHe AoR B4
ek

4g5E, AN HAVL 9e5E AL Sk

Aom Vepie,

Table 3. Count data modeling

Variables Po ZIP NB ZINB

Coeff. | -15.184 | -12.641 | -15.122 | -12.349

Constant t-ratio -14.304 -10.682 -9.919 -9.288

p-value | 0.000 0.000 0.000 0.000

Coeff. 1.631 1.408 1.621 1376

J;T]fﬂlce tratio | 14932 | 11253 | 10248 | 9919

p-value | 0.000 0.000 0.000 0.000

Diameter of Coeft | -0009 | -0008 | -0.007 | -0.007

Central t-ratio -3.907 -2.384 -1.857 -1.871

fstand 1 alie | 0,000 0.017 0.063 0.061

Coeff. | -0.671 | -0.550 | -0.517 | -0.517

Stop Line t-ratio -4.101 -3.290 -2.239 -2.556

p-value | 0.000 0.001 0.025 0.011

e 0.665 0.677 0.334 0343

Alpha(&) - 1.664 0.676
Vuong 6.082 0297

Notel : Po is Poisson, and NB is negative binomial regression model.
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Table 4. Decision guidelines for model selection

Table 6. Multiple nonlinear modeling

t Statistic of the NB Overdispersion

Classification Parameter o

< 1.9¢| > 1.96|
Vuong Statistic for ; ZIP or Poisson as
ZII\%B and NB < 1.9 Alternative to NB NB
Comparison > 1.96 71p ZINB

Source : Simon P. Washington(2003), Statistical and Econometric
Methods for Transportation Data Analysis, pp. 250-254.57
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Table 5, Multiple linear modeling

R? Adjusted 22 | Durbin-Watson F P-value
0.767 0.753 1.876 57.789 0.000
Unstandardized
Variables s Standardized t P-value
Constant 1.614 - 1.108 0.271
Traffic Volume 3.395E-04 0.927 14.087 0.000
Diameter of
Central Island -0.068 -0.263 -3.981 0.000
Circulatory
Roadway Width -0.331 -0.111 -2.027 0.046
Stop Line -2.193 -0.137 -2.247 0.027

rol

PRI SIS X|, M292 H6F, 2014E

R? Adjusted 2% | Durbin-Watson F P-value
0.620 0.589 1.870 20.055 0.000
Unstandardized
Variables 5 standardized t P-value
Constant -3.144 - -4.798 0.000
Traffic Volume 0.316 0.348 3.947 0.000
Ratio of Overweight | = 4 0117 | 1708 | 0.001
Vehicle
Number of Circulatory| - 7 0170 | 2026 | 0046
Roadway
Number of Crosswalk -0.402 -0.173 -2.470 0.016
Stop Line -0.303 -0.140 -1.781 0.079

(=010) oA Folsict. 7HEE Zgo] FolgtsE
0.0002.2 FAHZ Fo3t oz e ARl
7 we IS F= W aEgolH v REIH
2 3395E-042 EAE]Qic)

o3 vAY FARES 53 A3k A, BT
(X)), SAEFH](X,), JAAZRS(X;), FHHEESR(Y),
YA F5(Xy) 7F AR Q= Qo wgwt b
), SAARS, JER AR, L2 B
WFA F7F WoldaeE Alav) Sk, FdH =L
AU AR BAZF & A Akt Sk A
oF BEAgQct

ngol Auele yelyl= B4 RPZES 0.589= L}
Efue pghe AlR4E 90%(a =0.10) o4 §-9J3}ch
ZfdbEl 2ol §oskE-2 0.0000.2 SAHoZ {2
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Hae pEafo|n H|EESH4E 031602 LHEL
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H X To
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4 Table 73} 2}, WSl LEF(X) T A4
AN 5 (x,) 7 A don, EdRses 5
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ARRL(X,), DHHES(X,) 2 2AEUch D5

Table 7. Summary of variables

Common Variables Specific Variables

Ratio of Overweight Vehicle,

Diameter of Central Island,

Circulatory Roadway Width,
Number of Approach,
Number of Crosswalk

Traffic Volume, Stop Line
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Table 8. Fitness tests of developed models
Classification Multiple Linear | Multiple Nonlinear ZIp
RMSE 0.541 0.453 0.491
MPB 0.247 0.237 0.285
MAD -0.209 -0.282 -0.252
Correlation 0997 0.998 0.996
coefficient
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