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Abstract

Buses, one of the representative public transportation modes, are divided into a vareity of
service types according to the purpose of operation, operating distance, and management
agencies. Although bus-involved crashes may cause large amount of damage due to the higher
number of passengers boarded on a bus, prior research has little focused on crash severity
according to bus service types. This study aims to investigate factors influencing crash severity
in bus-involved crashes and to present policy implications to reduce crash severity by bus
service type. To do this, bus-involved crash data from the Traffic Accident Analysis System
(TAAS) during five-year period are used. Ordered probit models for three types of bus service,
i.e., city bus, suburban and express buses, and charter buses, are estimated to analyze the
factors of accident severity. The results show that there are significant differences of factors
affecting crash severity among the types of bus services while speed and road surface influence
all the types of buses. In case of local buses, time of day, roadway alignment, and installation of
a traffic signal are found to be statistically significant factors. Seat belt and road class have
significant effects on injury severity of the intercity and express buses. Chartered buses have
time of day, driving experience, seatbelt, traffic signal, and day of week as the significant
factors. The results of this study are expected to contribute to the reduction of the crash severity
by each bus service type.

Keywords: bus-involved crash, bus transport business type, injury severity, ordered probit model,
traffic accident analysis system (TAAS)
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Table 1. Characteristics by bus transport business type

Bus. transport Accessibility ~ Mobility Operation Service route Pass.er}ger Seatbelt Management
business type range position agency
Local bus High Low Short Fixed Sitting and ~ No required Local
(urban area)  (several station) Standing government
Intercity bus ~ Medium Medium Long Fixed Only sitting  Required Local
(city to city)  (a few OD) government
Express bus Low High Long Fixed Only sitting  Required Central
(city to city)  (one OD) government
Chartered bus Low High Normally long Non-fixed Only sitting  Required Local
(case by case) government
Mo
B Aol e AT 27 AT Ao} PelE el Az e} BelE e 7R 4 9lck o]
ARAL 4= R Aol A AL k0] Hlal, ot 3] 724, 2R A 9] 5o ' Ee] H-8FH 30 eH,
AP ol P AFNAE £AE 2ARY 9 Zeyn ol SHEH st 1213 HATE Ads] Sig
et A4 e WG, edE, AR AR 5), e3P AS(e A o), 4, e84
), =22 W HpClo7E, @A, i H, A7) A3 5) 9 wEe B (1, £ 5 9
2 75 715 ey 942 9819
B2 AR A2 ©F A sto] Barua and Tay(2010)9] Aol A= A= ] N =d=0] M2 A2}
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Table 2. Previous literature on bus crashes

Qutcome

variable Author (year) Estimation model Study purpose
Frequency Pearce et al.(2000) Simple comparison of crash  Comparison of bus accidents and their causes
in 4 developing countries (India, Tanzania,
Nepal, Zimbabwe)

Chang and Yeh(2005) Poisson regression Study on factors affecting the safety
performance of bus companies after bus
deregulation in Taiwan

Blower and Green(2010) Logistic regression Study on factors affecting fatal bus crashes
for five different bus types in United States

Gomez et al.(2015) Poisson/NB regression, Study on factors affecting BRT crash using 3

Neural Network different types of prediction models in Bogota,
Colombia
Severity Barua and Tay(2010) Ordered probit Study on factors affecting bus crash injury
severity in Bangladesh
Theofilatos et al.(2012) Binary logistic regression Study on factors affecting urban transit

including buses inside and outside of urban
areas in Greece

Prato and Kaplan(2014) Generalized ordered logit Study on factors affecting bus crash injury
severity in Denmark
Feng et al.(2016) Generalized ordered logit Study on factors affecting bus crash severity

by different types of bus driver in United
States based on K—means cluster analysis

note: Yoon et al.2017) A¢l-g
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Table 3. Bus-involved crash data summary with 11 main possible explanatory variable

Article

Variable Local bus Intercity/Express bus Chartered bus
Count Portion Count Portion Count Portion

Total 31,166 100% 5,541 100% 5,791 100%

Severity level  1: Possible injury 729 2% 163 3% 227 4%

(dependent 2: Slight injury 15982 51% 2,137 49% 3112 54%

variable) 3: Serious injury 13763 44% 2,485 45% 2339 40%

4: Fatal injury 692 2% 156 3% 113 2%

Time of day 0. Non-peak 23,347 75% 1,374 25% 4,263 74%

1. Peak 7,819 25% 4,167 75% 1,528 26%

Driving 0. { 15 years 6,729 22% 1,091 20% 1,036 18%

experience 1: 2 15 years 24,437 78% 4,450 80% 4,755 82%

Speed just 0. { 30 km/h 25,445 82% 4,439 80% 4,509 78%

before crash 1: 30-100 km/h 2,531 8% 467 8% 483 8%

2: 2100 km/h 3,190 10% 635 11% 799 14%

Vehicle age 0. {5 years 12,070 39% 1,812 33% 1,992 34%

1: > 5 years 19,096 61% 3,729 67% 3,799 66%

Road 0- Straight 28,978 93% 5,153 93% 5,378 93%

alignment 1. Curve 2,188 % 388 7% 413 7%

Road surface 0 Dry 27,281 88% 4,739 86% 227 4%

10 Wet 3,064 10% 470 8% 3112 54%

2: Snow or freezing 821 3% 332 6% 2339 40%

Seatbelt 0- On 14,706 47% 2,580 47% 113 2%

1: Off 3,464 11% 527 10% 4,263 74%

2: Un-confirmed 12,996 42% 2,434 44% 1,528 26%

Road class 0. Local street or provincial road 27,570 88% 4,879 88% 4,755 82%

1: National highway or freeway 3,596 12% 662 12% 1,036 18%

Traffic signal 0. nor installed 12,624 41% 2,066 37% 4,509 78%

1: Installed 18,542 59% 3,475 63% 483 8%

Day of week 0. Week 7,298 23% 1,248 23% 799 14%

1: Weekend 23,868 T7% 4,293 77% 1,992 34%

Driver age 0:- {40 s 3,704 12% 573 10% 3,799 66%

1: 41-50 11,001 35% 1,845 33% 5,378 93%

2: 51-60 13,105 42% 2,414 44% 413 7%

3: 560 s 3,356 11% 709 13% 112 10%

note: Italic underline variables mean baseline variables
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s gozRE 2] ATES R} AnAZE

o 9= v 7Fs A x viAS

Article

% gick mhEro 2 24

EEEE} 314 Eioﬂ/\i /\]'_]_’_ UZ‘]I—
AL RA HE O] o] =11
20312 A HEER 2AE

7} 7 e Aste R ARIgo] Be BA] B4 A AHE R Bris
olofl e} AL AIZNE T A e AoR §ET AluE A B0 22k
meo] 2ghet Ao 2 ek,

Table 4. Results of factors affecting crash injury severity of local bus

Description Coefficient Std. error Wald P-value
[severity=1, Possible injury] -2.027 0.029 472.793 0.000
Threshold  [severity=2, Slight injury] 0.065 0.026 6.259 0.012
[severity=3, Serious injury] 2.009 0.030 460.825 0.000
[time=1, Peak] —-0.056 0.015 13.915 0.000
[speed=1, 30-100 km/h] 0.253 0.024 110.676 0.000
Exolanat [speed=2, 2100 km/h] 0.294 0.022 183.196 0.000
Vjﬁjﬁ: oY [surface=1, Wet] 0.167 0.022 57.661 0.000
[surface=2, Snow or freezing] -0.210 0.041 23.551 0.000
[signal=1, Installed] 0.033 0.013 6.017 0.014
[alignment=1, Curve] 0.093 0.026 13.054 0.000
Log likelihood -921.96
Chi-square 398.09
2 0.31
2) Alel Y BAHA
A9) 8 s el AR A3, AT ASE B wegee Beiste] A s B4 ARe 5 sk 1t
EfSiTh SFA|TE Al A 0] A e-ob= ThEA SPIHFE 2Hgoj i 9 T 25F0] A|Q] W WEHA AFAHZIE o ¢
G AL A0z BARE, PRBES 12§37 F97 48 B Surh AT A et e
o] Z-R40] ShIEIT} Te)7 D4R 9 T 5 A G olare] £RolH 197 ghe FR Rt Az
E7b A BAEO] M 58 S5 2AsRs FAoA ALTAZE L Bgo] A2 Sel s gt Al9) B 14
A ATAZE REe] e 0278 Urepit,
Table 5. Results of factors affecting crash injury severity of intercity/express bus
Description Coefficient Std. error Wald P-value
[severity=1, Possible injury] -3.973 0.271 215.437 0.000
Threshold [severity=2, Slight injury] 0.361 0.103 12.205 0.000
[severity=3, Serious injury] 4.063 0.196 428.478 0.000
[speed=1, 30-100 km/h] 0.777 0.151 26.457 0.000
[speed=2, 2100 km/h] 1.324 0.257 26.458 0.000
Explanatory [surface=1, Wet] 0.849 0.161 27.771 0.000
variable [surface=2, Snow or freezing] -0.676 0.180 14.119 0.000
[seatbelt=1, Off] 0.384 0.186 4251 0.039
[road class=1, Local street] 0.469 0.141 11.127 0.001
Log likelihood -517.57
Chi-square 216.26
Vs 0.27
3) M2
AAH A ARLLEA Ao AR A ST e HAE], A (H5R/H13E5), SHAEE 2808 4197] X ojH=
A7) Al 20k Al9] @ 4w 2 0] ATfe} B SAEC WAL AbLe] ASE FA1H0R e &
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WA 55 D FUolRs 2o 2 gojuist Msa ettt 24 Batste] 159 o] e o4
AL A SRR LA A7t 18A %L BTk AT A ekt A 2] A9E 27 o]
AFL 3¥0] A, AL g So) Sl A ARAZES W AT 0w 34 aglo] B 4 98e BA
2 Foto] SIsgic. Eah FUe) AN EE FFRCE U e 23 thie] A4 A7} B o of
S eEs A3 BRG] EREE FUo] FFRTH ke A U v, WA AL} AFnAZ o
GFL wIAE A0 D 5 QIek. BAL B 2 gk EFF 0228 B

Table 6. Results of factors affecting crash injury severity of chartered bus

Description Coefficient Std. error Wald P-value
[severity=1, Possible injury] -1.847 0.068 732.437 0.000
Threshold [severity=2, Slight injury] 0.144 0.063 5.231 0.022
[severity=3, Serious injury] 2.083 0.073 825.163 0.000
[time=1, Peak] -0.139 0.034 16.300 0.000
[experience=1, > 15 years] -0.118 0.039 8.944 0.003
[speed=1, 30-100 km/h] 0.280 0.055 25.661 0.000
Brgslariiosy [speed=2, 2100 km/h] 0.432 0.045 90.932 0.000
variable [surface=1, Wet] 0.282 0.051 30.282 0.000
[surface=2, Snow or freezing] -0.427 0.108 15.706 0.000
[seatbelt=1, Off] 0.185 0.056 10.713 0.001
[signal=1, Installed] 0.092 0.031 8.669 0.003
[days=1, Weekend] -0.079 0.036 4,767 0.029
Log likelihood -293.37
Chi-square 167.08
g 0.22
2. HA SEAMY FHE 2o Hln 24
W2 24 A SRR ALz O] BlAE Rele] ol HE BAS] Sistel §4H AAZHE] A 2
Q152 Table 77} ZFo] vl s}t

Table 7. Summary of factors affecting crash injury severity by bus transport business type

Bus transport Time of  Driving Vehicle  Road Road Road  Traffic Day of Driver
. . Speed . Seatbelt .

business type  day  experience age  alignment surface class signal  week age

LB O - @) - @) O - - O - -

IB/EB i = O - - @) @) @) - - -

CB O ©) ©) - - ©) ©) - ©) ©) -

note: LB-Local Bus, IB/EB-Intercity Bus/Express Bus, CB—Chartered Bus
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