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Abstract

As accidents and crashes play important roles in traffic safe operation, especially at intersections,
it is necessary to figure out the factors that affect crash injury severity in order to take measures
to avoid crash occurrence and improve intersection safety level. Single-vehicle crash is one of the
intersection crashes, which is different from two-vehicle or multi-vehicle crash. It usually happens
due to driver’s seat belt usage, alcohol/drugs involvement, traffic device visibility etc. Most crash
types of it turn to be “Moving vehicle hits” or “With pedestrians” rather than “Head-on” or
“Rear-end” in two-vehicle crashes. So in this study, an ordered probit model is conducted to ana-
lyze and reflect the influencing factors of crash injury severity at intersections. Data from 2008
FDOT crash database are used to build such a predictive model. Given the model itself, suggestions
and countermeasures based on findings of variables impact on crash severity will be provided to
reduce injury severity along with crash occurrence.

Keywords

Injury Severity, Intersection Crash, Ordered Probit Model, Traffic Safety

XX A BRI ERHEREZEE S

EFEF", RHe’

' EIAL R TR S AL, B

*Grab Holdings Inc., 3£ JAFEFL 5% 8 4E /R

Email: 'yuanff73@gmail.com

Wk H . 2019411 H1H; s H B 2019411 H13H; KA HiH: 20194E11H20H
SR .

WESIH: =I5, A X AP RN EREE ] S EAR, 2019, 8(6): 393-402.
DOI: 10.12677/0jtt.2019.86048


http://www.hanspub.org/journal/ojtt
https://doi.org/10.12677/ojtt.2019.86048
https://doi.org/10.12677/ojtt.2019.86048
http://www.hanspub.org

i

s

gk

» o HE

HE

TREFHOCEEE KB HREZEEE, LREREEX X OMER, FHEE BER MBI
EEEMNRER, DEHESTIREM RREEREE, BAaERRE, URERENITRE. TEF
W REMESLHE. B, JIEREFHNEERRAER RRAREH. BE. $H. XEKE
AEWREEFHEH GHESERER ., BERNFERNEHBEMR 5T AME, kL L ) IEmmE
HEEBRE. AR T EFProbitiiE, H-T2008EXEFDOTEREHR, 2T HWHEH=EEEK
BERE.

K
HYEEE, XX OWEY, HFProbitlil, ZiE%s

Copyright © 2019 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

BB SRS R AT PR R e, HLBh A OR A B EEg n, XAMES AT ARG A1 R T AR
R, H R 3G ) Al AT 2 R . X RFMIIR A, S KAEEWE ST AN BITE.
BEFEZE . PRASA IR AEAE . PRIE, 58 O RO R DB =™ EE R P e B T ST )

FRT, Ao O A FROL T AOAE i S ™ AR L AT TIRABTIT. SCHR[1]3R ) 72 TR &
A ¥ Logit B, A — R IR F U™ EIERI SN2 A0 SRR, RIEE .« ks 77 ] &
R Bk R AEE B RIBOEAT Oy SCHRI2 PR AR B A il oy b Ae &, Mgis 1 — > k2 4R [ 345
R, IR TR RS X DV SO B TR AR, WA PR R SCIEE SRR FHEOR A A
7R RN 22 Ay O I LS5 . SCHR[3 1A 2 10050 Logit A RBT 7T S BEFE 42 ™ B AR H 3K
KRR O EFL A ML AE . TE R LT ARAIIA TR R S5 SCHR[41FH 2 0050 Logit #4478, K™ H
FERE Iy N . B RAET =38, Bai R TE . 2Rl GURAE . TERK AR E ROAEAE 19 D E SN
KIIFEMIEZ, W TCEERAT BT S8 A B SR A 18 10 SRS IR S ) B g™ EE R

A1 77 Probit Mt H F] TS l™ EYERE . SCER[S10 3K T4 7 Logit BRLAIA 7 Probit 1531 %S
KEALRDRGINE 385 DHEEARET M, HNRAES, 240, BEROL. BB LT i i
FARO ™ E LA G RE W . LRI, ¥ Logit SAURIAG T Probit 7Y 243 F T-0F 7 S ll™ S AR
FE. SCHR[6]2: T 5 Probit R 734 15218 B FHU™ EIEIR R, BEMRKLIRERH T Probit £
BN TZ 0 5 BA W BAE M « SCRR[ 71 T4 5 Probit B8, KB B A5 N, RAVRILEE R M NAE &,
RIS 5E M) ™ AR L . WETE R AR U 2 4 7T DL R AR R A B SOl S O™ B REE . STHR[8] LR T
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FUAERRW], W I R T ) St s N ™ AR
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FFEERBET. ANE 3 PR 15%A01 15.6%. 76 SCHR[121FIF 0, R BR324 4 < B8 sl P ) 22 4 /< e 1) Jg
FEREAL 52475 1 AT BB 23 BB AIK 7.84%F0 9.03% . 442 (12 3 7% BH mT RER I 2 B AT v, 38 mgiiiok
ARTTREVE . AL, TR, B S R E B R[13]. T AN AT IR 0 A S ™ R A R
j AT

RUE NI & H ™ E AR AT T KE TAE, EAGFEREY. 5IUREMNER S 7, &
MR EFH R RS 2 EF WA AR . ASCGETArE Kt s Eal, FIFHA T Probit AR A% 3 [H i &
BUR IR SCB VSO AT T 08T, B RS T MR A Bk FURRIE . 22 SO TR B RIIA B SR 42 MBI
TR R, T T S R, RERBIM A X O HEEERE R, DR SR A
e B

2. BiRiEA

FHEHERIE T 26 B i 2 BLAOBIS M (FDOT) H e, s se . ks, B
T BRI RIAZ SR LA e AR 12 B PRI SR 35 MR 91,398 K F k. HHr, HRER
Hoh 7996, WEHZEE DL ERIEERCA 76,247 2, AWFAE K 7996 Sk A4S .

AR SCH F O™ B AR BE (Injury Severity) 7 AU Tl BRI H . h G EMEREGFH. L
i RRFHRTAMAGE: “BEHE” RREAEWHRNZHESR, (A5GETRFRNER/R: “H
FEf 7 FonFHoER TR ISMEG S, B, #55%: CEEGE RIBFMESH 30 RAA

AT

1 SR T LB 2R rp AR O™ BRI T 20 b o A SRR R e, ™ R R A A A
TE XU

HYEEREE =0, LhiH:

HYCERE =1, BEGE

HYEERE =2, TEHGE

HYmEREE =3, BEGE

Table 1. Data description of injury severity

® 1. EYTERERERL

il ERRRE ARz hi b
0 2540 44.8
1 1159 20.5
2 1843 32.5
3 123 22
Bt 5665 100.0

AR LA AT SHHCEEA., B R, B4, KX ARE. BE&EFE. HF 7:00~10:00 A
16:00~19:00 Ay, W F MR AL/ T 2500 ~F 5 58 B b 5 AT X, ik 2500 ALAZBIX .
PRIR L7 AT EANRIE, KRR R N 5. S A XA . e RN aED
ARG, EM O NE LS. HL EYUE P i FARR LR By R . RN T 20 BN
TSR, RGN 20 2 60 %, ML 60 5 MM NEF LR 01 KB 0 2 B0 5 b B E
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J W E 0 BN B . K3 E XCA/NTF 20 mph, FIEECA 20 mph % 45 mph, =T 45 mph 1y
. 22 A A P A o A R RAE

G UL BIRER, AR 42 NMEE, DURBEAT SO AR R . 2 SR T B kR )
iR, MR ERRZERELIGNTRAES ST,

MFE 2 AT, AT YR AR B Al H AR(MV-Hit)” R RS OR A MR, 5T 2R
39%. BVEE L (65.2%)% T LB 0 51(34.8%). 76.8% M5 AR BE T, 1M 73.2%ME 5 B
REA . 82.6% M NEFELL 35 mph [ #ATH . EXITUHFCH, XHE ST XM A5 4pr £ X IH
ToAZ I A8 SO H R AT TR . ASF A S D 2R n] RE S50 25 0 03 (1) 25 34T . BRI K
AANE AU ESHOR AR AL . 63% IS EAETTIX, 37% KR AKX .

MECH e R AR 7996 NS MGEHE B, Sl EdRE RS, REE T 5665 NHMEME, DU TR
FEANIGAIE o

3. ERHER
BB U, NESIEIERR, 4V, = fx ZIEREL P g R RE, ¥ BE 2 PERE. v, &R
AL 2R R AR, T 6, RFEHLIRZE, R RMERINE .
Uq = Vq +¢,

MR, 2 O™ ELRR A B BOWMME AT AR N €, = {0,1,2,3) « Herh €, (1 RT A AR HEI 1 3 -
C,=0, HA-o<U, <y,
C,=1, Hy,<U, <y,
C,=2, Ay, <U, <y,
C,=3, Ay, <U, <y,
Hby ={yo. w0, v, | RBESES B BED N EH ™ FERRL . IR &, I MARHE TR AT
AR AT Probit #AY,  IF FLAT A& — ™ B JEE AL 2 1 BRI ) LR 2 AR A o B2 22«
Prob, (k) =@ (v, -V,)-® (v, ,-V,)

Forh o (1) Y TE A A B B
4. {RBIER

AL S R R A BRI, . A HBCE . B P Probit LA 15 4
iR 90% MEG BRI E L. & 3 PER TR B R EBEM . ZERBURM T
H g™ BRI . IERBEOR AR SR R IEAS, ARBME .

GHA S TR, R, BRGNS HRENIE . AP Probit B iR 2
25 LL 90% 1 B A5 L Bon gt it O

% 3 PEIR TRREAC RN N R BUEA ¢ . AR RBUME S FEH BRI 1R
TR B S HH R R R, OREIUAR R .

4.1. BB

fE “CHEBERR A, R R sl AR, TAER/FORAZR S iER . SRR
NAT N R THERT
GURARY],  CHATARLIE” A C 5 BAT R XS B A e EE L
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Table 2. Selected variables for single-vehicle crash
=2 EMTCEREEENMERZEES)
B H g A gAY FEAL & H (%)
0 TfhE 2540 44.8
1 BEE 1159 20.5
ESR s R
2 R E 1843 325
3 HEE 123 22
N 1 gt 1883 33.2
e IS N k]
0 g 3782 66.8
517 Nt 1 547 Aflbfi 1190 21.0
5847 Al 1 5 BT 4A 314 5.5
R A E 1 P4 322 5.7
. ST R R 1 S4TSR R AR 2211 39.0
T 55 [#6] 52 YA lE 33 5 18 52 ) P Rl L7
5# g ZiA 1 5[z i G A% 599 10.6
T i eI "
W4 1 RARE 137 2.4
ez Pl H | BRE MM H 39 0.7
oA Al 1 HAh 125 22
T/EH 1 RAFEI/EH 3962 69.9
JEEN 1 RAFEREK - 1703 30.1
i il
\ 1 &G 2796 49.4
T K
0 TE P FFI 2869 50.6
1 HE(<20) 1 HE 876 15.5
RS 2 R4E(20~60) 2 R I A5 3766 66.5
3 ZH(>60) 3 2L 503 8.9
0 7 1 5 3691 65.2
1 531
0 “chk 1974 34.8
i ki
25/ 5 1 Wk 1316 23.2
YA 1 = 4a 4148 73.2
1 5 45 1546 273
FA! b i1
0 He 4119 72.7
2 &3 (<20) 1 fRIEATHE 546 9.6
ST 3 (20~45) 1 AT I A5 4677 82.6
I (>45) | AT 442 7.8
ey SEivall 1 BE T 1577 27.8
Y A5 Ll ] 1 A bR S - 1122 19.8
FERISH Ttz 1 T 1527 270
’*gﬁu e sl |y 1243 219
HRINBE 1 CAHm 1263 223
I8 A RANIIER B 1 KA A B 2006 35.4
T I R | RAAEW IS K 8 2396 423
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Continued
BERER 1 BELZREM 4739 83.7
) H B/ T YE 1 H b/ TFI0E ] 280 6.7
T %R . N T A%
h £k 18 % 1 kg 442 7.8
2k b/ i 1 #h2k B/ Ry 104 1.8
1+ 4854 85.7
BETRIRBL i kA
0 i 811 143
KA 1 4F 4220 74.5
2k 1 4F 2956 52.2
k)
1 3P 2098 37.0
i WX
78 0 WX 3567 63.0
FkX 1 EkX 2659 46.9
A= X 1 fExKX I 75 2606 46.0
He 1 He 400 7.1
Table 3. Results of explanatory variables
=3 MBRTELR
Injury Severity
£ t 18
L 0.458 5210
T FEE -0.687 —7.842
54T I e 1) 4 S e -0.812 -16.322
5 [ 52 Py it -1.109 -16.136
g W -0.340 -3.111
TR H 0.411 2.166
oA At i -1.320 -9.898
TH B R A 0.210 4571
BAE 0.276 4.659
PE S -0.102 -2.794
2 R
/550 0.192 4.456
&t -0.170 -4.286
HIE -0.171 —4.283
ZEim LEbTY 0.112 1.859
[z 0.491 5.699
128 bR B aE -0.152 -3.276
Tz -0.108 -2.577
) 0.124 2.481
2 X AR E )
I T I 1 )R 0.149 3.291
HLRiE 0.118 1.683
2k b/ B i 0.221 3.368
782 /B IX 0.162 4.192
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TR R . SRGEVRREET . BT M CHAR S SEBURKMERE . RENI
7 AP R R 5 KR, RO R A AR T S ) RS B B R B SR At A
IR ARRNIERE 0210, KICAESCHRIER LATHE, AT REiE A M Sl S . ARYE R
2, HHCGEEAER AL R BO M EAREE M, A 1 AFaral, K893 (66.8%) KU E A AR w1
Mo ZE “TAEH” o “RRY Rk, HECREAM - RASHI R B, £ H AR R AR
ML, R FHOR R TR HE AR, T ERERME .

BRIt 22 B I RS R A AN S i g™ AR . E “ R AR R, iR

™ AR R B AR
4.2. BY5
BROIIERS . YRR I/ RN 7 e R S ORHE A TP BRI R . AW “CHE” MZ

M3 RTUVE Y, fE=MER BT, ZEBM ARSI EAEH, I REE NI R
HIEA R XN EERMOMRNRE I, HENECERE, Mg miEgE. “i
B AREON-0.102, AIAILMER R RS BUT HAHE K. SNSRI, LUEEONESS, BRI
R RS AN TG 206 2 B O3 A IS, 3 s 7 2 iR B PR A, AR Y R
NI P R0 [ iR T Al RECN-0.170, BUAE A 2 Al PRSI M EAR A, X 5 DART
M I — 5. B R IRAT 26.8% 11725 B G ANE Y 2 475

MRYE LB S, ZEIE S RIpE R i B 4l o) PR AR ™ FA

4.3.

A EE B PIRAT B XA R REMASEA . G R Y, SR EML, 7
F(EMPP)ZSBOEZ MABE . H2, WA R TR, EREMHES BRI TEE. th
WU, KA AT RETE S F ™ AL AR, 2R B AR ANR . BOR E R A R S R A
B R A HHO™ R AR T R . X KDy B R A Lt e A A Ry, BT e A AR
FEH, DO R PR AT B AR ™ R

4.4. XX OBE

FE RN ARCE” Hrp, s E . KX OAGEERIRME SATiEH], (5 10br S H], TofEl,
HoAbz ), HE R REW ., IAHERRR), RN GL. H AP E SR, A
HH A E R E B E S A &

FEFTA 2 X AAS @ HI A, A5 S AT 4 % 112 R AR T 7™ RS, T 5 2R b 2 TR B 1 S
PEEREEERAR. W, A1E T R A s B BN R, TAEAT IE ARSI T, BT 1 A
AARIEATRE,  E RS PR ™ A

ARAR ) %R BE AT RE AR TR B RS OLT, AR B A (HAESRTTIE S b, AT
JB (V1B % FT e 2 A A S E AN S SR R B B B R TE IR, AT R AR R, (HR
MMM EIE, MR, BT R ETREAT AMBATE, Rt FESAT ey . S AR
SR EREE . B BoR, EE AR A L TR AT A BA IR AR, ARG MR A
AL, RPN,

A I BC BT TR PR 3R 22 O, DO A TE B (Y T LA 2% P2 B v 22 A R /K1 i B4R
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4.5. IMEEHE

AHAE AR KA ek, WASXA ERM. X HE “fERY” hinSERE. 5
DX % 1R S L T RS O™ B AR AR X AT B P AR T X AR, SRR, W] RE S BUE ™
HAJFER . AU R B R RANDCLRIFE AR, LR RAEOCLF MRS REF, FH™ B
FTZSt . WHINA, BHRRBOCL MR G S, JF IS T sevE R Bk, A2 23R
Bk ARH S S H BN, BB AR, FTRE B AT B, BRI AT RE R A S O™ A
B ARIREFIE, AT EEEATH, DR ISR R R A2 A
HEMPERL . A, ARG BEA SR E . RAEERLX. BERESCEXHF, HAH
(5] FR) 7 E R AR

R, MIRBDIRBLTT %558, T BRI SRR FHUR B AR AT DGR I X, FAf PR PR 20T B 4258 S 1
O ERLE TR .

5. {RBVIEE

SR FDOT £ 5 1) 20% Kl K H TR REGAIE . 22 4 RS 5 45ty 1 W #edis 58 45 7 Probit
ERLTII 25 SR AT Lo SFHO™ HRR L A BB TS A R

C,=0, HU,<y,=0,

C,=1, H0<U, <y, =0.606,

C,=2, #0606 <U, <y, =2423,

C,=3, AU, >2423.

Table 4. Aggregate model validation results
T 4. BAWIEER

FH R I A
0 525 535
216 261

2 355 314

3 23 9
Bk 1119 1119
M 0.889 0.819

o’ 0.856 0.758

Table 5. Disaggregate model validation results

=5 MERIESR

Zd FEAHL [ =4 Ritmrtt
0 557 49.8 49.8
-1 185 16.5 66.3

1 205 183 84.6

-2 58 52 89.8
2 111 9.9 99.7
3 3 0.3 100.0
it 1119 100.0
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5.1. BEIESER

NI, ™ ERLEL AT EIME N 0.889, J7 224 0.856 . Tl 4H A i) Sk ™ HAE T2 05 0.819,
JiZEN 0758, 4 4 WL HAIBGAEH IR Lo XM SE B AT “2 425607 LURAIEA FF Probit FY2
B

z KIGHZ B (HO) N : A ¥ Probit BRI 45 R 5 SLBr MBI 45 RAE Gt LI 2= 5

Z=M=l.859<1.96

[012 o
R + =
noom
M, M, R AT L S O™ EREEME, ol o0 NEHWTZE, n,n, &% BRFEARS. Rz H

W, EAREELA TR, e, MEREENTNEAS T B 95% BAS T )" EAR I E A
[, PRl R A T T < e 5 ™ B AR R

5.2. MERNESR

A B FEA RO E AT AT 1 LR, Geit Ve BB 2R EENE — PN, SREHE
BRI HERA TR ATE I . 22 N 0 RO USAE AT FIONE 2 — B0 . 42 5 4848 7 IX I 2 1A) i UL

FETMZLE 1119 DT, A 49.8% M MIIE 5 TIMEAR R, £ 84.6% ) FEL -5 WL I (B AR 2=
— NG A, PRIOR 2 B 45 RAE AR Z R ZE N

GERRW], EFREN 17 MIRAREREN “-17 2, FEREESREAEE “27 A “-27 X
Xt o BEAh, AEAEZESREDN “37 WIEHL, 1“3 AMFELE, ARG A A B ALl H M a2
PRI, FEREERE DT, T )™ AR L L SEPR A 2. Bt U, SR AT e A SRR P AR A
TR

6. &t

Ao T T AT BRSNS S B R R AR M R, RS HCRA . B B X
FoEAAERAE, a2 ANEARR, SRR EREATLE . K% PHEMES. B E A F Probit
BB S B B S I E R R R 45 REINZAR RG0S T 5™ B, IR T &
ANFEI A 200 O™ AR LRI . B USR], BRI, IR, B LR
PEA. /AR R AL PR, RENEMER, CXARER. FEES B e
X2 ™ B R

FERERLIGAE A 1 1119 A FBCEEE R ZAE R W RE 7. @I RAERT &1, A5 Proit BT
AN RAFHBE . £ AIETY, 2 RIRRIE 5% EEE T, FHTMEMWNMEES T B2
FAF o AR, R AR REAS IR 5 TE LLAL, 84.6% TN 25 35 WL NAE AR [R] 2l 22 — A4
T ERESE o DRI 7 v S AR TR 0F A58 S it 11 B 22 O AT AR 32 (1
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