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ABSTRACT

For two-vehicle crash accidents, one of the parties involved in an accident with
more serious violation is termed as the first party. Most of the previous studies only
consider the severity levels of the first party or combine the two parties in a whole.
However, the severity levels of two parties involved in the same accident might be
rather different, contributed by different driving behaviors, vehicle characteristics,
traffic environment and other risk factors of both parties. Undoubtedly, to consider the
severity levels of two parties along with corresponding factors is imperative for
obtaining more insights from crash data and proposing more effective safety
improvement strategies accordingly.

The severity levels of two parties along with cotresponding contributory factors
can not be separately modeled, since these factors are-usually closely correlated. In
view of this, this study employs.bivariate generalized ordered probit (BGOP) model
to modeling the severity levels of both parties  simultaneously without losing
important relevant crash information” of both parties. In addition, the threshold
function of BGOP can be calibrated during the model estimation process to depict
model heterogeneity and to provide more insights-for severity classification.

To validate the applicability of the BGOP to severity modeling of two parties
and to investigate their contributory factors, a total of 2,661 two-vehicle accidents at
signalized intersections in Taipei City during 2008 and 2009 were collected for model
estimation, in which the first party was identified as the major traffic regulation
violator in comparing to another party. The estimated results show that the BGOP
model, which relaxes the assumption with fixed threshold values of severity levels,
can not only perform better in terms of log-likelihood values and prediction errors, but
also consider the effects of the risk factors to the severity levels of two parties.

Moreover, significant and positive correlation coefficients for both parties are
also found, suggesting the necessity of simultaneous modeling of the severity levels
of both parties. It is also interesting to note that the illegal driving behaviors (e.g.
drunk driving) of the first party significantly contribute to the severity level of the
second party. Some corresponding safety improvement strategies are then proposed
accordingly.

Keywords: Signalized intersections, Severity level, Bivariate generalized ordered
probit
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4 %t 558 (Bivariate Ordered Probit model, BOP) i& {7 fi-it &2 45 > 5 45 11 { 4B 58
EREG = BoFlR > 2 BHZFTRRAFFLEFLE AT~ - LI
FHA7BRZFEFTLAE  RERERAI RV BEZRERE - LA B i3
(Bivariate Generailzed Ordered Porbit model, BGOP) » ™53 88 ¥ 58X B A2k 2 F| % 2
BESFEALEN

EHE- itz Y BN (BGOP) A % 8 2 B § B 755 (BOP) 5 A & 4
PP AR R A AT S & T TR R P Sl 0 R B RE ¢ R 2K
B Ra o BGOP R3#BOPhP B & § V8> S i 5 843G 224
KBLEE 11T A 5] 4 5 OP ~ BOP2 BGOPHCY 2 1834 % 4 o

3.0 A ¥ Bt B

EARBFHEAY o dE R AR Rt R R R AR g A A R L R
L BATE B AT oAogk S| T 3R RS R TR R B TR g g R A
4 IR RE R G S 28T TR Sl o

300 HSE®AE R

% B & Bt Hi05% (Ordered Probit ; McKelvey & Zavoina » 1975) 3 % L& g * 3045
Wb RBE G RAPZ N E MR BN AR R + ET X EREAR
o 2 EIETTE LR GRE P RIABBEYEAR o231

Yi* = ﬂvxi + & (3-D

*

y, ¢t L BRI m i ELR X G B AR (%K)
X ¢ B gERy £(p )
B X FRINLE 2

& MEWE AT o PRAGRE ¥ A fe
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AELEREFL G RR Y AEREG A Y EACAERGHRE
Flh Y, bR ERIT Sl Rl T 7 By SRRy M BB LT

y, =k » & u_ <y <u  k=12,..K (3-2)

Vi REOTRBRIIIE R Y CEF I FROFERR 0 5 FREE RS 2y
2B RAE R FE - H G OKH B TR & (cutoff) & A P % & (threshold) -
Up U Uy Uy U o R T2 R (R 1) B R FH 5 (—0,0)0 ?giﬁéiéi 5
%i)i(y.)ﬂkrsr%’ DY ERFREMLORFBFL EEF o T BHIFT FHE
FhRee B(X)PEL R > FP A EEXGRE) FTABARAAZ AR REBEIEP A
TRAEBRY, NTEAB M EF LGRS BB G R Fl AT

TH PR, K2 B BRSO GRS £ E A R A2
de 2 2 (33)mp
0 if —o<y <u HIE
y, =41 |f u, <y, su =i (3-3)
2 if  u <y <o £
d a2 FN3-1) 258 (3-2)8 AN (33)F M N 3 (3-4)
y, =0> _°O<5i§ﬂo_ﬂ'xi
i =10 =% <&<p-pX (3-4)

Y =20 p-fx<g<mo

d AR LETo8 0 %R Hcs iRy mq/w\ﬁo";(F - g 1%—-%

K &
AR s ORI § o 5N (3-5)

P(y, =0)= [ ge)de, = d(u, - B3)
P(y, =1)=] ”fﬁfx_‘ #(&)de, = DU, - BX) - DU, - f%) (3-5)
P(y =2 =] d(e)de; =1-0U, ~fx)
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g FHEREV ERA
@) » TEF &R
Hy #PIFEEG 2

W REFELG - PR

dar AL R PR 2 AR TR 0 SRR o0 R

WS depF > i F BEu,=0 5 i@ ehjk B (Bhat, 2008) » * g iz H v
% Rt BRI G AT BT R U S PO E  F]

A
* PagiE (uy, U, U,
B AT e (32 PHEE) DR F

> Us

302 EREEAL B

R
e

R PR o R

_ .,

e U)o R A BAE A R (S ﬁf) SRS R I

% B 4 %' ( Bivariate Ordered Probit ) 5 Hutchinson ** 1986 # #13% 11 » % —
B PERIEA kR AT A X 2 AR

d AT ATRE, 20 BIRE RET S B pthE

n,(n=1,2): R L EZ 2 fphREF - ko2 > d9 5-° 31 LK
ERY AP LIRS A RERY
q,,(q,=1,2,....,Q) : #r% X EF H i
TR TR X GAR
hw:LLMK):x—ﬂgﬁ 2 5= AR
A@=LL.¢):¥:<§&$&J}€ﬁ§

By, f- L3 2jpmR AT e T4 2 -

R TR A G R AR R
Uy 3 2 X G RE B2 PHEE » 2 ERR 5 (—0,00

<r 2

MRET R G EEARR LT A
=k » % U, < y;’l <Up,

=13 Uy i < Yqo SUy,
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SRGRE B ERER
B EE AR -
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B

)o

EHWA > AV URRIET R EALs SRR £ G RELR R -
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Ryt gl pe e F> ET 2057 A DR ELGRRME S 250407 ¢

¥y =at X, ey (3-8)
$ oLy, =0+ X, +Eg (3-9)

a - 33 RN F #oE
6 %3382 F

*

Yoo © = BRENEE BRIOE § B ALA
By b Xy e Sl

Xy ¢ MR 8 e £
Eqn P EWFAT 0 RIGREV A fe o 5973 2 FRRIA AT F 2 F1R

B ey~ o B & RREH AR TI00E 00 P 5 BB BT 40T 7

v v,
lez %2} (3-10)
wi Y, R R
Wy b Yoo TR B A
Wi P Yo B Y, R ¥R
TRy By, e M GRS S p L (3-11)

2

AEREVRBTARBER > BARETY B ERF DR LI 4T
P(Up <V SUsUy < Yqo SUyy)
=P, < ﬂlqu T &g SUpsly < ﬂZXqZ +&4, SUyy)

a2 —

= P(ul,k—l _ﬁlvqu < 5q1 < ul,k _/Blvqu;uz,lq _ﬂzquz < ng < uz,l _ﬂéxqz)

Uy —BoXqa fUik—BXq
J‘UZ,H —ﬁéxqz J‘ul,kfl_ﬁlqul ¢2 (8q1 ’ ng ’ p)d gqld ng
=0, (U, _ﬂ1xq1’u2,| _ﬁzqu’p)

_(Dz(ul,k—l _ﬂlqu’uz,l _ﬁzxqzap)

_(Dz(uLk _ﬁlqu’uz,l—l _ﬁzxqzap) (3-12)

+0, (ul,k—l -B XgioUs oy — b, X425 p)
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®,() F AIFFEREFE A feaik
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£, 2 [ enip B T dic
32 BFRE-LM AL BHSEAE S

EHE- L&A B HNABGOP)RE N EHEZEE L B 5 (BOP ;
Yamamoto and Shankar, 2004)£2 — & it i% B 3% (GOP ; Eluru et al., 2008) o +* f& } it
BOP #:' » H PR U, fru, A7 s @ X GARAR2 BFarrgh, 4 A
NS RSP PR R E R R et £ 2 TR
REACH D O RFR A R R PET T RAEFI F REFE
HAIF LR CBRBRETRE o &it&my o

1

N
>

!

A

X BARR m:k’ng<ﬁ§q* (3-13)

.

S - 2% f% 2R qu =1 > 'eilif ﬁz,l—l < y;2 < UZ,I (3_14)

N
|

EAHETEE QY o A PRI ES OE PR ST B

HEER R (—o<l, <0, < <0, <a<00) B (o0 <l <, <...<U,; <...<o0) °

RRE R KA B S RS

44 s . . ~ o~ a'+ylyz)

$ -2 s Oy =0, , +e 0 (3-15)
55— - R +cqZ

o 3PS Uy, = qul 1+eq' o (3-16)
Zo " ¥ - TR FL R E

Zy, " x> ¥ %k £

Up * » Zox BEHEFIEE
Upy * » 2y, REHEFIEE
7M:%¥—%Zw%%@ﬁ%&éi
G - R ¥ L TR S £
PR TR k2 18 =% Tk 30
O+ ¥ =2 % FF P AESEOT
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ERE - RAY BB S BEPEE > & B I 32 (Maximum
Likelihood Estimation, MLE){% fz %#c » 2 S #cde™ #77 !

LL=ZIn{®,(0,, = B> 0oy = £ )

-0, - B Xq1» u,, — ﬂzxqz 2 P)

_q)Z(l]l,k _ﬂlvqu’az,l—l _/Béxqz’p) (3_17)

+0, (Ul,k—l - :leql > UZ,I—I -5, Xq2s p)}

FEAL Py~ gy~ Oy > Vax ™ S 58 pAn M Tl o LY B i
e AR FACRUE A ﬂl B, Tt cntader ~ f B R A FREPTLGRABF
R o A AR Ly (Vi Uan) © Ho(Goioby,) PTHefe & Tidle > F £ ATH » i
Fig o Hot R s BOP PHEfE > BHESAS N A0 G- RAESPRLIHE > 7 F
SR ST R E P

PRz dpdR A & H0 p® S R iR AL 4y B R R AR
#o Rt p? EjeARF o A IREOOEGR R B A0~ [ A AR AT R eh

feifiv 4 g4 RS 2 B8 0 e R(E-18):

2, LL(B)
r LL(0) (3-18)

LL(O) : $E02 S Hede 4 8

LL(B) : i & ficc ac i

>

£ B AT S A KBBR8 R B RS AT iR iR hdo(3-19) 2%+ o

7
AR RELE ARATEPd RRSE  FHLB TR TERLA o T R E RTE

'%"?g ﬁ“_’é—iﬂ 2

N

rg o

|

., LL(B)-kK _
Lo (3-19)
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d »* BGOP 5% 2.1 BOP £ & #74 B — 4 i 25 > #7027 & BGOP $:38 K ™ »
$reiry hET R P g, BMPLEG SRS ALPIEEI 2 0,, K Ts 000 2
TR KSR BN AL B(p°)» ¥ * Consistent Akaike Information Criterion (CAIC ;
Bozdogan, 1987) | 47 #i5% cnfieif A2 & » B A WL b7 3 i 2 T - RE2 REE
RipL AR EA M AT S g T HEPR LG )T L2 B
(Cameron and Trivedi, 1998) » H -8 2 /& 4 64T ;4 (3-20)#77 » B ¥ sk &7 FRi

SR q F AR AR

CAIC ==2-LL(M)+(1+Inq)-k (3-20)
33 5E M A 47

SRR REET G AR T E R Y TR R

NERE G AR B B E 2 F ke TN

o P00, X, 51
X PK)

P(K) _ O P(y,,, =k)
Xik dln qu (3-22)

_ ¢(uqn,k—1 B ﬂ' an ) - ¢(uqn,k - ﬂ' an )
(D(uqn,k - ﬁ' an) - cI)(uqn,k—l - ﬂ' an)

ﬂ an

EFX i HATR % 5 K B F A
P(k) : = A2k $ 5 k s

RIS BRI RKPEE
Wi L R R, 4%@1%%’mﬁ&3&kﬁ%ﬁP&) R e o i
EREX, 52 F 3% A2 > 5§ R X, 5 &% BE(Dummy Variable)p* » i
¥l A i ALK 0 R € 4 B B ST SR re )t B 3B 1 (pseudo-elasticity)
35 # {2 (Yamamoto et al., 2004) » 42> 58 3-23 A7 0 H A & G § S ELO0HE R
Al EERF A B A x N EAS % i BRE A B A EORE
g .

W
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EPK) _

{q)[uqn,k - (/B(; an + /B(;| (1 - ani ))] - CD[uqn,k—l - (ﬂ(; an + ﬂ(ly (1 - ani ))]
- cI)[uqn,k - (ﬂl; an - IB(;]I ani )] + q)[uqn,k—l - (/8(; an - ﬂql ani )]}

q)(uqn,k - ﬁ(; an) - (D(uqn,k—l - ﬂt; an)
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313 331 60 704
(44.5%) (47.0%) (8.5%) (100%)

65 40 19 124
(52.4%) (32.3%) (15.3%) (100%)

1076 1313 272 2661
(40.4%) (49.3%) (10.2%) (100%)
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