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Risk Factors Affecting the Injury Severity of Rental Car Accidents in South Korea

: an Application of Ordered Probit Model
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ABSTRACT

Over the past five years (2010-2014), the total number of traffic accidents has decreased from
226,878 to 223,552 with decrease of 0.37 percent each year. The death toll has also decreased
from 5,505 to 4,762. However, the number of rental car accidents and fatalities has been steadily
increased. Despite of its growth, no previous study has been conducted on rental car accident
severity. This study analyzed data of 18,050 rental car accidents in South Korea collected from
2010 to 2014 and then processed in order to identify which factors could affect the accident
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severity. Seventeen factors related to rental car accident severity were grouped into four categories:
driver, vehicle, roadways and environment. As a result of the ordered probit model analysis,
fourteen variables excluding age, intersection, and day of week were found to affect the severity of
rental car accidents. The results of the study summarized as follows. First of all, violation of
traffic regulations such as speeding increase the severity of rental car accidents. Secondly, rental
accident severity is higher at curved sections of complicated roadway, which the driver’s field of
view is impaired. The results of this study can be used to reduce the severity of rental car
accidents in transportation safety.

Key words : Rental car accident, Severity, Ordered probit model, Rent-a-car, Traffic safety
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(Table 1) Summary of literature review

2003

Pedestrian crashes

Author & year Analysis target Injury severity levels Econometrics model
Property damage only

Shankar et al., Accident Possible injury .

1996 (Rural freeways) Evident injury Nested logit model

Disabling injury or fatality
Non-treated injury

O’donnell and . Treated injury Ordered logit & probit

Comnor, 1996 Motor vehicle Admitted injury model
Death
No injury

Zajac and Tvan, Probable injury, but no visible Ordered

Not disabling injury, but visible
Disabling injury
Fatality

probit model

Kockelman and

Driver

No injury
Not severe injury

Ordered

intersections, and toll plazas)

Kweon, (all crash types, two-vehicle crashes, Severe ini robit model
2002 and single-vehicle crashes) yury P
Death
. No injury
Abdel-Aty, oada S;zfl‘:;; onlined Possible injury Ordered
2003 Y » Sigha Evident injury probit model

Severe/fatal injury

Yamamoto and

Driver’s and passenger’s

Property damage only
Possible injury
Evident injury

Bivariate ordered-response

Shankar, 2004 Disabling injury probit model
Fatality
No injury
Lee and Vehicle-Pedestrian crashes at Possible injury Ordered

Non-incapacitating evident injury

Abdel-Aty, 2005 intersections I probit model
Incapacitating injury
Fatal injury
. Slight injury .
Pai, 2009 Motoreyclist Serious injury Binary
(angle crashes at T-junctions) .. logistic model
Fatal injury
No injury
Xie et al., POSSljble iy Bayesian ordered probit
Crash Non-incapacitated injury
2009 . . model
Capacitated injury
Fatal injury
No injury
Eluru et al Crash Possible injury
2008 (pedestrian and bicyclist) Non-mc.apgcuat.e(.i injury Ordered response model
Incapacitating injury
Fatal injury
Gray et al., Crash gzﬁgflsuﬂlllry Ordered
2008 (involving young male drivers) Jury probit model

Fatal injury
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Author & year Analysis target Injury severity levels Econometrics model
* No injury
Klop and Khattak, Bicycle crash . Egnfliizleaclilgtlgl inj Ordered
1999 Y apactiaec mjury probit model
* Incapacitating injury
* Fatal injury
* Property damage only
+ Slight injury
Jang et al., . o Vichla o Ordered
2013 Pedestrian Visible injury probit model
* Severe injury
* Fatal
* Possible or no injury
Kim et al., N * Non-incapacitating injury N .
2007 Bicyclist + Tncapacitating injury Multinomial logit model
* Fatal

AR 542 A, o], JHHEE 8o 9 FFH ofF 5O 7 A Th(Abdel-Aty, 2003; Andrey
and Yagar, 1993; Gray et al., 2008; Kockelman and Kweon, 2002). S28R10 2= E2 7/, 52 |, A&
S A 2 axE oJF o] 118 FHATHO donnell and Connor, 1996; Pai, 2009; Xie et al., 2009). X}HEAH S
ZE AFAL], 97 59 WaEo] 1HH ) (Abdel-Aty, 2003; Andrey and Yagar, 1993; Pai, 2009; Xie et
al,, 2009; Yamamoto and Shankar, 2004), AtXL ¥ & 540 2& ALLEH, WA W&, AnAA &5,
FE&A 8 Alndd A gF 59 HE47E ARS-E QI THAbdel-Aty, 2003; Kim et al., 2007; Klop and Khattak,
1999; Kockelman and Kweon, 2002; Levitt and Porter, 2001; Yamamoto and Shankar, 2004). #}<| 2} 374 @910
2 A A ARE @A, A B iR AFA Fol FHUTKENru et al, 2008; Gray et al., 2008;
Shankar et al., 1996).

71E TdAFAAE T 2QE0] At AR FEFE WA Y5 AASL ok RO
R AFEdA A4 HAERT G 2AAY AL AAEIE #A4) YERSTHEluru et al,, 2008;
O’donnell and Connor, 1996; Yamamoto and Shankar, 2004). L&y FY3 QQlo)g} EAgt= Ao wa} A+
ol YIS T Jthe FAHAE AAHIL Yok & £, EEFIH(roadway sections)ol| A S| Atal AT EE
A gk Abdel-Aty(2003)= 278 2] AL A7t =T o4 L2} s AS Al diF o g Bl U
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Hel ARE AR A4, ERuFH Az FHHE S2olH A HFOR ste] YT A

A S sk AFAALE TITL 24 918 A 513%3K2010-2014'9) AT HETE AL AL
AR B2 'JE7E ARL25,038%) HRE FRStA o, R, FEEE, ALY T 4R FRI} v 71 4

ol
9 6988702 AT 18050A(AA M7} ALY o 21%)E HF BHol AU HFRA A5
ol A9 E wolele] B4 A thEA] 9 o vekiith webd B AFoA A HolEE
Qe A TG AEE A E4S g 9)

2. BIEZ} Al M 24

FEvEe ﬂ% A AZ TS T a4 f8o7 TR 9om, 7 f¥d U HoE e 2
ok (1) 34l
(Minor injury): L% b_i 0]0}‘:‘4 59 o)A 33 u|gke] X8 _g_s}% —‘?‘/BL% Qe AL (3) ?;‘*c}/\h_(Severe
injury): AFALLZE 13} 35 o)) ABE Q3=
ANZRE 30 ool AFER A B ATelA 49 18,050219] ﬂEiﬂ Akl & %L*J*J /‘}IL 49974
(2.8%), 7AAHALAL 10,82071(59.9%), F/HAHTL 6,49071(36.0%) D APEALTL 24171(1.3%) 0.8 EAFH QT
SEutetell A B A= WETE AT D AT A7 E W B9 A& <Table 2>9F 2T AEER
AET) Al AZEE 248 Ay} 24T 9 A4 AlnE 1F38] Z718ks AR, FAAT D AFEAL
2E v s MER L Itk 20149 AT AETL ALTE 380871 0.2 2010 3222713} Hlw
39S Al oF 182% Z7IsHTh

ot
=

(Table 2) Locations and number of rental car crashes for different injury severity

Year Injury (a) Injury report accident | (b) Minor injury accident | (c) Severe injury accident (d) Fatal accident
2010 74 1,870 1,231 47
2011 73 1,967 1,168 41
2012 98 2,360 1,471 52
2013 119 2,283 1,327 61
2014 135 2,340 1,293 40
Total 499 10,820 6,490 241
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o} o]E9] HE AHL 358842, AA AFe] 623%7) 20-30t] AHE oA HASGTE AE T AL B4
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N 604%2] A7F AFH AJATE WAZT} ofd oA BT AME T ALE 57.0% 2 WAR
o A o2 W AT} HluAE A GelA WA ST =3 AE 7L Abae 24 77H92.5%) 2

27} obd Fo|A(95.9%)4 HEH o2 G AR YERiT

8203 #AAstA AHIF AALE F2(29.6%) BT T5(704%)° O Zo] TASIATE ol FY71%
WA e Akl AW A3}l B3 9§lo]th2010-2014F LIS AA w83 AlaL F 707%7F F5
o ¥hAY). ofztell AT AE7F wEATLE AA 2 526%F YuksEFo] oFt WEAIL(51.9%)9F Hlw S

S A AYFH o2 A4 JElYH, Kwon et al.2017) &0l 2w LA 7 2 dutsgaho] e
OFZ AlalH| & Aol BAIALZE {3 HoZ YElT)

AE7} AnE £5dd JFE AeFS ®Bolx gth. AA AEFF A 220%7F AL, 19.7%7F A&
oA WA AR YEMHTE a2 #;ME7F ALY 104%7F 3=l HAYSHAT AE 7L Abarel dut
WEAS] A AR EAY H]E-2 HSEEAl UERTH2010-2014' LA S E_%/\}_Loﬂ o3k Fo o9
H&o o83} 28 AE 183%, 7] 202%, BE 7.0%, AT 6.5%, B 6.3%, T4+ 6.1% ). b3, #49
22§93 AFE64%) 00 AE 7L At go] MASIAL = AS0E YEgth Y 7 dukaE a%F
AL F AFZo A S AR v &2 1.8%00 BSAT

>

STRSI YA
B 18 rr
Pﬂ T

rlo
oﬁ

O

K

6 UITSYUY =T M177, HI32(2018H 63)



M TEY 2YE 083 ezt AT AT 24
(Table 3) Frequency distribution of selected variables
Characteristics Variable Number Percent (%)
Injury report accident 499 2.8
Dependent variable Injury severities é\;h ‘:1;2 lltrlljjuul;yy zf:iliizrrlltt 12?925) gzg
Fatal accident 241 1.3
Sex Male 15,557 86.2
Female 2,493 13.8
Younger than 29 6,907 38.3
30 - 39 4,330 24.0
Age 40 - 49 3,946 219
50 - 59 2,222 12.3
. 60 and over 645 3.6
Driver : :
Accident-causing human Human factors 15,332 84.9
factor factors No human factors 2,718 15.1
Violation type General violation 14,955 82.9
Serious violation 3,095 17.1
Residence Re.siflent 11,376 63.0
Visitor 6,674 37.0
. Over speed 1,117 6.2
Specding Normal speed 16,933 93.8
Cat to Pedestrian 3272 18.1
. Accident type Car only 1,078 6.0
\;Zl;ie Car to Car 13,700 759
. Light or Small vehicle 3273 18.1
Vehicle type - -
Middle or Large vehicle 14,777 81.9
Road mark 10,905 60.4
Central median barrier Central median barrier 3,706 20.5
No separation facility 3,439 19.1
Intersection Int.ersectiol} 7,764 43.0
Non-intersection 10,286 57.0
Road .. 15,385 85.2
factor Road condition Others (moisture, freezing, etc.) 2,665 14.8
Straight 16,689 92.5
Road shape Left curve 639 35
Right curve 722 4.0
Expressway 738 4.1
Road level Highway and local roadway 17,312 959
Weekday 12,716 70.4
Day of week Weekend 5334 296
Time Day(6AM-6PM) 8,554 47.4
Night(6PM-6AM) 9,496 52.6
2010 3,222 17.9
2011 3,249 18.0
Year 2012 3,981 22.1
2013 3,790 21.0
2014 3,808 21.1
Gangwon-do 842 4.7
Environmental Gyeonggi-do 3,563 19.7
factor Gyeongsang-do 1,873 104
Jeolla-do 1,290 7.1
Chungcheong-do 1,234 6.8
Jeju-do 1,148 6.4
Region Gwangju 890 4.9
Daegu 864 4.8
Daejeon 471 2.6
Busan 991 55
Ulsan 227 13
Incheon 675 3.7
Seoul 3,976 22.0
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(Table 4) Result of ordered probit models for injury severity in rental car accidents

Characteristics Variable Coefficient S.E p-value
Male 061 026 019"
Sex
Female 0” . .
Younger than 29 028 .049 570
30 - 39 .070 .050 162
Driver Age 40 - 49 054 051 288
factor 50 - 59 075 .053 159
60 and over 0" . .
Accident-causing human Human factors 057 025 022"
factors No human factors 0
Violation type Serious violation 323 024 .000™"
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Characteristics Variable Coefficient S.E p-value
General violation 0" . .
. Visitor 048 019 012"
Residence -
Resident 0" . .
. Over speed 439 038 000"
Specding Normal speed 0" . .
Car to Car -282 040 000"
. Accident type Car to Pedestrian 210 045 000"
Vehicle
factor : Car only : 0" . -
Vehicle type Light or Small vehicle .052 024 .026
Middle or Large vehicle 0° . .
Road mark 115 024 .000™"
Central median barrier Central median barrier .194 .031 000"
No separation facility 0° . .
. Intersection 024 019 210
Intersection . -
Non-intersection 0" . .
Road Road condition Others (moisture, freezing, etc.) .043 025 090
factor Dry 0° . .
Left curve 206 048 000"
Road shape Right curve 092 046 045"
Straight 0" . .
Expressway Expressway 233 .049 000"
Highway and local roadway 0" . .
Weekday -.004 019 .847
Day of week Weekend 0" . .
Time Day (6AM-6PM) 034 018 .060™
Night (6PM-6AM) 0° . .
2011 -.050 029 093"
2012 -.038 .028 082"
Year 2013 -.086 028 003"
2014 -127 028 000"
2010 0° . .
Gangwon-do .140 046 002"
Environmental Gyeonggi-do 134 .028 000
factor Gyeongsang-do 382 .034 .000™
Jeolla-do 017 .039 .668
Chungcheong-do 314 .039 000"
Jeju-do 113 042 007"
Region Gwangju -257 045 000"
Daegu 142 045 001"
Daejeon 134 058 020™
Busan 220 042 000"
Ulsan 360 .080 000"
Incheon 169 049 001"
Seoul 0"
Number of observations : 18,050
Log-likelihood at zero ZZ(0) : -9799.838, Log-likelihood at convergence LI(3) : -9148.389
Likelihood ratio index p* = 0.066
“significance level=10%, “significance level=5%, "significance level=1%
Severity Coefficient SE p-value
M 2.663 .106 000"
Thresholds 1, 346 104 001"
g 1.666 107 000"
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(Table 5) Marginal effects of estimated model

Inj Min
Characteristics Variable Reference variable Jury .. f)r .St?ve.re Fatalities
report | injuries | injuries
Sex Male Female -0.004 | -0.019 | 0.021 0.002
Younger than 29 -0.001 | -0.004 | 0.005 0.000
30 - 39 -0.004 | -0.021 | 0.024 0.002
Age 60 and over
40 - 49 -0.004 | -0.020 | 0.022 0.002
Driver 50 - 59 -0.004 | -0.023 | 0.025 0.002
factor : ~ ;
Accident-causing Human factors No human factors | -0.004 | 0019 | 0.021 | 0002
human factors
Violation type Serious violation General violation -0.015 | -0.107 | 0.111 0.011
Residence Visitor Resident -0.002 | -0.013 | 0.015 0.001
Speeding Over speed Normal speed -0.017 | -0.135 | 0.135 0.016
. Car to Car 0.017 | 0.103 | -0.110 | -0.010
. Accident type - Car only
Vehicle Car to Pedestrian -0.005 | -0.058 | 0.055 0.008
factor Lighi ;
. ght or Middle or
Vehicl -0.004 | -0.02 .022 .002
ehicle type Small vehicle Large vehicle 0.0 0020 | 0.0 0.00
Central Road mark No -0.004 | -0.022 | 0.025 0.002
median barrier Central median barrier separation facility -0.007 | 0.035 | 0.039 | 0.003
Intersection Intersection Non-intersection 0.000 | -0.001 | 0.001 0.000
Road Road condition _ Others Dry 0002 | 0012 | 0013 | 0001
factor (moisture, freezing, etc.)
Left curve ) -0.009 | -0.057 | 0060 0.006
Road shape - Straight
Right curve -0.003 | -0.016 | 0.018 0.001
Expressway Expressway Highway and local -0.014 | -0.103 | 0.105 0.011
roadway
Day of week Weekday Weekend 0.000 | -0.001 | 0.001 0.000
Time Day (6AM-6PM) Night (6PM-6AM) -0.002 | -0.011 | 0.012 0.001
2011 0.003 | 0.016 | -0.017 | -0.001
2012 0.002 | 0.013 | -0.013 | -0.001
Year 2010
2013 0.005 | 0.027 | -0.030 | -0.002
2014 0.008 | 0.042 | -0.046 | -0.004
Gangwon-do -0.007 | -0.033 | 0.037 0.003
Gyeonggi-do -0.008 | -0.039 | 0.044 0.003
Environmental Gyeongsang-do -0.018 | -0.117 | 0.124 0.011
factor Jeolla-do 0.001 | 0.004 | -0.004 | 0.000
Chungcheong-do -0.016 | -0.094 | 0.101 0.008
. Jeju-do -0.005 | -0.024 | 0.027 0.002
Region - Seoul
Gwangju 0.026 | 0.069 | -0.090 | -0.004
Daegu -0.008 | -0.040 | 0.045 0.003
Daejeon -0.008 | -0.037 | 0.041 0.003
Busan -0.012 | -0.068 | 0.075 0.006
Ulsan -0.018 | -0.113 | 0.120 0.011
Incheon -0.009 | -0.046 | 0.051 0.004
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