J. Korean Soc. Transp.
Vol.35, No.5, pp.447-457, October 2017
https://doi.org/10.7470/jkst.2017.35.5.447

pISSN : 1229-1366
elSSN @ 2234-4217

Received: 13 July 2017
Revised: 19 September 2017

Accepted: 30 October 2017

Copyright ©
Korean Society of Transportation

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use,
distribution, and reproduction in any medium,
provided the original work is properly cited.

ARTICLE

A\ SA2 T2{5HRUY AFHH AL 2

el - e
E50sty =ASSt

Analysis of Bicycle Accidents in Korea Based on
Regional Characteristics

KIM, Tae Yang - PARK, Byung Ho"
Department of Urban Engineering, Chungbuk National University, Chungbuk, 28644, Korea

*Corresponding author: bhpark@chungbuk.ac.kr

Abstract

This study aims to analyze the accidents of green mode bicycle. In pursuing the above, this
study gave special emphasis on modeling the bicycle accidents reflecting the regional characteristics.
The main results are as follows. First, the null hypotheses that the number of accident and ratio of
serious injury and fatality (FSI) were the same over regions were rejected. Second, as the common
variables, the number of bicycle was judged to have positive (+) impact to the accidents and the
bicycle using ratio was inferred to increase the ratio of FSI. Third, the elderly population ratio
among 3 factors which gave impact to the accidents of Si_A (city-county consolidation) was
concluded to have the greatest elasticity. The developed area ratio between 2 factors in Si_B (city
which is not consolidated) was, however, estimated to have the higher elasticity. Fourth, the
number of car registration among 5 accident factors of Gun (county) was analyzed to have the
greatest elasticity. Finally, the commuting trip ratio among 7 accident factors of Gu (district) was
judged to have the greatest elasticity. This study can be expected to give some implications to
regional policy-making related to bicycle.
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A 15-308 24 152 71502 BARHbike shor) o888 HA thy] 158 oleh 524 A=, 2a)x
A1 7Hbike_long) ©1-8-8-2 A thH] 305 ol B2 @A 2 A olstart.

Table 1. Definitions of variables and summary statistics

Type Variables Description Unit Mean Std. Dev. Min.  Max. VIF
dependent accident No. of bicycle accident No. 701.40  792.23 16.00  3783.00 -
variables  FSI ratio of serious injury and fatal persons % 43.85 10.50  25.29 78.95 -
socio— urban developed area ratio % 31.33 19.43 6.54 99.75 182
economic agri_use agricultural land-use ratio % 17.03 11.79 0 5120 1.74
factor kids children population ratio % 11.91 3.32 3.05 20.78  2.03
eld elderly population ratio % 18.49 8.23 6.31 40.18  5.96
hospital No. of hospital beds per total population % 1.14 0.70 0.01 397  1.23
traffic road collector road length ratio % 60.18 23.65 10.91 100 1.84
factor car No. of car registration per ten thousand  No. 6.91 7.01 0.48 4242 6.95
commute  commuting trip per total trips % 20.69 5.20 5.89 3442 216
school schooling trip per total trips % 5.03 1.41 1.16 9.24  1.60
business business trip per total trips % 8.99 2.73 4.02 17.15  1.63
shop shopping trip per total trips % 3.07 1.19 0.64 7.62  1.65
leisure leisure trip per total trips % 6.11 1.70 2.12 15.88 1.10
bicycle  kids bike  children bicycle using ratio % 11.51 6.99 0 41.18  1.37
use eld_bike elderly bicycle using ratio % 16.35 12.03 0 54.63 231
factor bike_length bicycle road length km 84.25  105.80 0 73550 2.66
bike_no No. of bicycle per ten thousand No. 2.73 2.94 0.10 16.69  4.47

bike_short short—time (under 15 minutes) bicycle % 47.46 16.32 14.49 82.76  7.13
using ratio

bike_long  long—time (30 minutes over) bicycle using % 16.45 10.45 0 5443 5.44
ratio

M

=
L |

-

2. 7h4 7H Y yEE

2 AFolAE A LLRARA(ANOVA)E Foll Al - FEE A Aot S0 AtatHleo]

Ofgt 2o 7} =21 E ERI5 . o] % Scheffe AFFH 4 (Post—hoc test)& &ofl Al - o+ 7 L& It 2ol & AEot
SEk. Table 2] A5 AAREA 318, 952 41547 ZHE oK Fole
Table 2. ANOVA result
Variable ANOVA (hypothesis test) Scheffe Post—hoc test (p—value)
Type Mean Std. Dev. Freq.  F-value p-value [ Type Gu Gun Si_A
Accident S A 64428 475.89 50 4483  0.000 | Gun  ~1052.84 _ _
(0.000)
Si_B 1316.96 1080.51 28 Si A -529.79 523.05
Gun 12124 9495 81 (0.000) (0.000)
SiB 142.89 1195.73 672.68
Gu 117407 81961 69 (0.796) (0.000) (0.000)
FSI Si_A 43.93 7.09 50 7675  0.000 | Gun 17.47 _ _
(0.000)
Si B 37.57 5.22 28 Si A 8.38 -9.10 ~
G 53.03 8.95 31 (0.000) (0.000)
Si B 2.01 -15.46 -6.36
Gu 3556 632 69 (0.691) (0.000) (0.005)
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o FF IR At 2ed o= woE It
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re — 1<r<19] Y& 7AW, Roof whet s H-ef 5 (+) o] TANA] Z(-) 9] TARIAE yepdt 24 2
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Table 3. Correlation analysis (accident and FSI)

Variable Accident FSI Variable Accident ESI
Correlation p—value Correlation p-value Correlation p—value Correlation p—value
Accident 1.000 - - - accident 1.000 - - -
EFSI = = 1.000 = FSI = = 1.000 =
Urban 0.341 0.000 -0.344 0.000 | Business -0.240 0.000 0.290 0.000
Agri_use -0.223 0.001 0.339 0.000 | Shop 0.175 0.008 -0.231 0.000
Kids 0.331 0.000 -0.440 0.000 | Leisure 0.001 0.986 0.013 0.850
Eld -0.573 0.000 0.666 0.000 | Kids_Bike -0.077 0.249 0.031 0.643
Hospital 0.289 0.000 -0.419 0.000 | Eld_Bike -0.376 0.000 0.523 0.000
Road 0.793 0.255 -0.455 0.000 | Bike_Length 0.462 0.000 -0.202 0.002
Car -0.076 0.000 0.024 0.720 | Bike_No 0.882 0.000 -0.490 0.000
Commute 0.405 0.000 -0.424 0.000 | Bike_Short -0.577 0.000 0.677 0.000
School 0.307 0.000 -0.294 0.000 | Bike_Long 0.492 0.000 -0.633 0.000
2 iy U o
1. 712

5 AP GhA 7H B ] o) S A2 FE SEAGLA), QeI B), 2HGCun), el 7
(Gu) FH3 5 AF3L o] el gick. Eah Bao] FaMez ATA%ot B4l ALnHl ] 5 257k A
89tk MR (count data)?) AHTAGOE UutA 02 FolgolLt ol o] ol GHch, B male
Cameron & Trivedio] Aol oJs) ZAHeE. o714 ARAHIL THAAS =0, /ML TEAAS
@00, AR7He] 71248 A9 Zola mae] o] GHITk Eah FAol ALTHI&L THMIAR I} obdl A EEA,
CEAGH ARG olgte] HASIAT. oked SAAGO] Bu(+)o} TS Fol ARwLT} B4

121 AP BASIT SAAL) Bt g B0 Mab} Sama] A(HAQ e Bl B(-) A2 3
Fg m 21222 ofmlsh Hmolch. E5t Tl Holgt Anso] tiek £4M40] A S el A1, A
B12:0] 19 Wte]) W2 F5u%0] Mslerg ojnlaiel.
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o

of,
o

452

Journal of Korean Society of Transportation Vol.35 No.5 October 2017



KIM, Tae Yang - PARK, Byung Ho Article

2. AHA MoAe 2Y

:

LEHLE QA AL ASLR o= B9 W A= Table 42F 2t} Cameron & Trivedi A3
5 95%CN A A7l 7124 E o], BA By o R Folgt o] ZHE e}, 47] ol e A=
5 AR F7tef] GRS vAH, 35S A AR -FH4(bike_no) Q] ALC2 metE|Qct,

Table 4. Model results (No. of bicycle accident)

Variables SiA () SiB (i) Gun (1) Gu (&)

Coef, z  Elasticity Coef. z  Elasticity Coef. z  Elasticity Coef. z  Elasticity
Constant 4316  10.69 - 5.031 19.20 - 3.421 19.88 - 4400 11.17 -
Urban i = S 0.030  3.15 0.747 i = S 0.006 228 0.270
Agri_use - - - - - - 0.012 212  0.247 - - -
Eld 0.048 315 0.789 - - - - - - - - -
Car 0.108 404 0.776 - - - 0.250 4.03  0.420 - - -
Commute - - - - - - - - - 0.031 298 0.719
Business - - - - - - - - - 0.075  3.16  0.609
Eld_bike = - - - - - 0.007 179  0.180 - - -
Bike_length - - - 0.003 404 0585 0003 1.63 0.110 0.003 294 0.161
Bike no 0.176 ~ 3.17 0436 0.082 3.17 0500 0372 275 0272 0.184 9.03 0.713
No. of Obs. 50 28 81 69
Model Negative binomial Negative binomial Negative binomial Negative binomial
Log-likelihood -340.711 -205.855 -421.214 -500.686
AIC / BIC 691.721 / 700.981 421.709 / 428.371 856.428 / 873.189 1015.372 / 1031.010

ol9] EolHgot eHeAJS AW E T, FAAI(SIA) B olH= A& (eld) T A-5AE Feh4(can) 7 5
7V B9 ArLAS7E S7vshe A& yEb Tt A Had g2 A A B4 (bike_no)7F 1% 71 7
S A7 0.436% F7FoHH, S ARG (can)7F 1% S7F 739 AFL2152710.776% S7Fohe 21 0. & it
of= k. ot AT HE(eld)o] 1% S7FE 7B-¢ AFLA710.789% S71she A& 24 Wl E3t 4t
ASi_B) E@ A= A7t A Bl & (urban) o] &5, A7 =2 A% (bike_length)o] 45 At F7t]
FE A= AR mofEl #Ede AuEH AAAR G (bike_no)7t 1% F7FE 739 A7t
0.500% S7Fsl, 2737 = 2 37 (bike_length)o] 1% 571 78-¢- AFL 7471 0.585% S71she 2 =2 mhef= 9]
ot 8 A7EePA A& (urban) o] 1% 71 79 AALA471 0.747% S71ohe A 2= 245 .

(Gun) BN = FHHEA 8B (agri_use)o] E&TF, AFAHLAH(can)7F a5, LPAAA
0]-8-E(eld_bike)°] w5, T2|11 A E 2 A% (bike_length)o] AE AFTAS7} Z7l6lE A o2 BItE
ot A gL A AE 2 A% (bike length)©] 1% S7F 3¢ AFLAZ710.110% Z7FshH, 1=}
271 0]-8-E(eld_bike)o] 1% Z718 -4 A 34710.180% S715H= A0 2 mpotE| it Tt s A2 EX|o]-&
E(agri_use)®] 1% 27V 4¢ AAAG7E 0.247% S7V8HH, AHAAR-f i< (bike_no)7t 1% 718 49 Ata
571 0.272% S7Foke Aoz FAF . ob&d] AR AR i 4(can) 7t 1% S7F 8- AFLds71 0.420%
S7tohe Ao ® weE Qi

opAEfo 2 H(Gu) R oA = Al7EeE A HE (urban) ¥ £ B 478 E(go_work, business) 0] &5,
23 2737 =237 (bike _length)o] A5 AP S7o| Y2 X A o= mpof=gle}, A HaE e
2 AR A% (bike_length)o] 1% 71 7 AFaLzd47F 0.161% F7FskH, Al7keta 2 H]& (urban)o] 1%
7T A% ALAE7E0.270% S7tehe Aoz A E AT B3 G55 (business) 0] 1% 71 7 AFaLd
71 0.609% 57151, AP A K- el (bike_no)7} 1% S7F 78-¢- AtLZA4710.713% S7Foke A o= 371
et ob&dl 225 (go_work)0] 1% Z717F AFLA5=2] 0.719% F712 o]oj A& Aoz BA =it

o
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3 7J4F AxH= Table 5¢F 2l B4 m o g2 oAy 3]
Olm 7| /et g(hosplta 2 A Q5 A t %/go]/\} A

Table 5. Model results (ratio of serious injury and fatality)

Variables Si_A (i) Si_B (il7) Gun_(f) Gu (%)

Coef. z  Elasticity Coef. z  Elasticity Coef. z  Elasticity Coef. z  Elasticity
Constant - - - - - - - - - - - -
Eld 0.738 230  0.276 = - - - - - 0.516 237  0.189
Road 0.205 239  0.239 - - - - - - 0.135 398  0.308
Hospital = = = = = = = = = -1.872 -1.69 -0.061
Eld_Bike - - - 0.234 197 0070 0.212 238 0.098 - - -

Bike Short 0330 224 0373 0601 923 0.547 0.684 16.07 0.837 0422 548  0.381
Bike_Long 0375 170 0.112  0.642 778  0.384  0.454 241 0.065 0.241 318  0.183

No. of Obs. 50 28 81 69
Model multiple linear regression multiple linear regression multiple linear regression multiple linear regression
AIC / BIC -174.413 / 356.825 -83.231 / 172.462 -307.771 / 609.542 -209.912 / 429.824

JEEE EERERS

Solis: W SRS An R B SiA) RYCIAE TR & ()} AL 2]
B(road)o] £245 FHolY AmElgo] A5t A0 AR A Tl A SRS
(road)°] 1% 3718 739 F4Fo)4f AFH]&o] 0.239% Z7Fsto], TR vl&o] 1% 7V A% F4pold Ax
H180] 0.276% Z71oH A0 2 mot|glet. et QWA (Si B9t H(Gun) R FEACR 17 27
o188 (cld bike)o] £&45 FAoVY AFLE F7holl JTFL wlAE A0z BrAHGc AR Heye

I FA A7 088 (eld_bike)o] 1% 7 79 T80 AaLH &2 LRHAI(SI_B)oA 0.070%, w(Gun)oflA
0.098% S 7Fol= Aoz BEA- =Tt

opAEFe 2 7 (Gu) B olA = L ATFHlE(eld) I Y= A =2 H]E(road) o] o5 SIS ALHlE 5
7, 283 O w7 ¢ S (hospital) o] F=&-5 ST AHE Ao S A= Ao g BhEG
o}, A e A2 A RIF H 8o 1% 71 A5 S04 AFaLHE0] 0.189% S71shH, A4t A &
Hl&(road)o] 1% 71 ¢ S0l AlaLrl&0] 0.308% S71ohe 2 o2 oot w gint, ¥ o5 7|y et
&(hospital) o] 1% F7F ¢ T4l AHaLEl&0] 0.061% H4ashs Aoz ZA= A,

2ol B et Ax} o= theat ZHow Table 62 R s AHLE vl Wt ZRo|o),

, 2t B0 35398 F ARG FS7olls AP A BG4 (bike_no) ¥ APAA L2 A% (bike_length) 2]
S n|x|n], FAlol A} AR & Z 7 ol ThAIZE 2 X 7F 2FH A 0] 88 (bike_short, bike_long)o] &
L Aoz BAL9} x}xm ETFEH—,J} B3 AL Z AR 0] 71 AFLF 2P A ool &3t
Aoz FAEH, 2PAA WAL TR H|F|oto] S7HE A o2 maE It of& Y 7| X AkE A E T Al
2PdA & A= T2 30+ 1|gt Ol%oﬂ ASE ] e Aoz ot Qi) o5 TAIZ o] 8AFE2 AHAAE F
=AYy SPTTOoE A6, 98 IF APAAER offdo] £2] ot Ar=m Fo¥ch= 97t Brh(Korea

I‘ﬂ o?,‘i olN
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Transport Institute, 2012)D, whehA] RE 2] of|x| 5 2 A o]-82po] oA A (F 5 125 2 A <F
xh:ﬂxﬂo} *agoy)]: St 7—] ogm E}goﬁ:}

Table 6. Comparison of model variables

Variables No. of bicycle accident(accident) ratio of serious injury and fatality(FSI)
St A Si B Gun Gu St A Si B Gun Gu
Socio Urban - A* - A - - - -
~economic  Agri_use - - - - - -
factor Eld A ] ) A ) ) A
Hospital - - - - - - - \V4
Traffic Road - - - - A - - A
factor Car A N A” - - - - N
Commute - - - A" - - - -
Business - - - A - - - -
Bicycle Eld_bike - - A - - -
use Bike_length - A A A - - - -
factor Bike_no A A A A - - - -
Bike short - - - - A* A* A* A*
Bike_long - - - - A A A A

*

A positive(+) effect, V: negative(-) effect, *: max. elasticity

S, B S_ANAE AFAERNS can 7t WS ATAS7E Z7k5te, 24t A 281 (road)]
5% FA 1 Al go] Z7HSH 0% BHEGth e THNTHE(Eld)0] B25E Sl AL
_‘.l A

AR A0 gelsiglet. o g el BHAS TP o ATAS STt
THE(eld) o] Aol 1 2 GRS vl Ao 2 Bt

AFASERST BESE WEFY] F7HR AFTPs o] FobA, ALAS Eet g o2 RoElt &
A FAERE PR R M) EASEE YOLL B2 Ho] F31 MAtHel7t §estA) ebrk. webA] A4
7ot 2}, BT} EAF] S]] AL o] A7 E S Ao WISl obg e LA -4
Zof el A4 71%5-0] Eah2 Qo) ShARS Q15K S52lo] Wolzrh, o] 2 Qls) WhEAIZke] & F-oj2lo] 72
sfo] WEA o4 EF WL A0 2 RS ESERA(HIE BARHT 52 W2 PHEm, £
AR S} u| A A o] B4 R 7hT gl wetq LT Hlgo] ol A 2 AL WA 715 A A
7o) & Aow PREG Tejme FRAGHIAE THATH &) J5o] AL Fol, nHA 25T
A7 AL} olRE 2 HAtEe] So] Wad Ao perErt

(eld_bike)o] =S5 /ol AtaHl&o| 7ot AL R WEgiet. ob&e] e AdS 1=l
7ol A7 A A& (urban) 9] Aol 7P & Gk PIX= AL & F7HE e} GehA D= o
(&) o2 =, A7FeE ZgEo] v A x| He Hal] =t uhebA] AREA|(if) A= Al7FeFd A H]
FHE Fol, ol 84 FAH Y AAALR AA 9} thFet AYHE et P u S 5ol Wed Ao ¥

A, #H(Gun) oA = SBHEA]0]-8-E(agri_ use)o] =275, AeAeE5H g (can) 7 H255 AL

o] Z7}olH, a1 F2F A A O|-8E(eld_bike) o] =&55F S oI AFH[ &} AR S STt B Y
Ao =2 Y= Q). oy §E S 1 HPS o A STl e Abe S (can) @] 77 7F
< A= AR fotE ek ()2 SER(E - R A, TAIA 0| s 594 EAJo]-go

A, DHEA(Si_B)ol A= A7kt A E]& (urban) o] 55 AL A7t 57k, AL A7 ol-§
o
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AUF AT Hlgo] Ert 2By AR AER Y A A PIAAE 5o Hgo] uEdt Hl 2, AsAts 5Tt 5

S AL A7 o] RAFE0] SHAA T QFHRS A 0 & mekE|Qleh wleba] () ol A= AP AFSE4-0] 7
of S8 Fol, ARALEZ Al /W7 A A PA 0] 2] Fog 2 A o] 8259 M-S 9414
& ZHstojof g A0 7 PeE QT TS VP HEo] 2 A HUS dEsto] 1A grE AAA ¢

ot et e 2 HGuollM = Al7Feba A Bl-&(urban) ¥ &2 %q—‘?—%ﬁﬁg(commute busmess)o] LT A
A g E o] S71ehH, ARl E(eld) o] s, At =

& Jeol TS nAE Alz HIHEH. v ow T detE (hospltal)OT E—E—%‘T—% SAFold AratelE
stetoll ¥ miAlE Aes %‘?}ﬂ ‘}’i‘:]'. otz FEdS ﬂa% F= /\}J—ZﬂA S7tolle &5 E(commute)

£ ARANE A Y TR ATA DT 4ol RIS WA, Akl T S kg
& AAA ARZ% B FAol A A g

2, A TEAT o AEIS 0] AU 2 T Al
the ARZHEL 71ZPE| 9T ER AR A3t DA -F BAS AR velx] BAA AR fold
Aot EEEE A0 B,

S, 7 B3] FFR F AAARARS ARAZZ AL ADAS F7ho, LT AR D FAIZE A
HA0|§5-L FoIY ALTHI & F71o] G 0]AE A0 BAH gk webA] BE Aot 1A ol g

O] TN A FEE T A7 HHH o] oo & A o= wE ]
AR, FEASILA) 9 A g Bl & 371 27l0], T80 Alatrle RYole F 47 g.9lo] A€ 5]
k. ok gl SHolA A QlFHlE ) Aol A Skl M 2 9 miAeE A
Al E LA s A7 ST o|HE R HARe] Sol 2ad Zos
Si_B)o] Atz Bl & 371 g1l0l, SIS Ataltle BYollb e F 370 89101 A
3 SHolA AlZtela A &) A5l /‘}1 A 371l 718 2 932 Al AR UEY,

YA, 7-(Gun) o] A4 Ed"ﬂ*ﬂ— T 571 8]l0], F/gold AtatHlE EolME & 371 21lo] A== i
Eot & SHM AHsAFSE i (car) o] F7PF AL S 7P 2 G A ALz BUIE, &
(IR olA e AA 2 0] At A3 A A HAIE o) AR T2 2 o] §akee] A +A1x R &
Hsfojop gk Ao =7 HrtE it
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