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Analysis of Physical Environment Factors of Bicycle Accidents in Seoul,
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Abstract

Car-dependent cities have many urban problems, such as traffic jams, air pollution, and traffic accidents. In contrast,
non-motorized bicycles are a sustainable mode of transportation. During the past decade, the city of Seoul has invested
heavily in bicycle infrastructures, including public bike-sharing programs and bicycle road infrastructure. However, as
bicycle users have increased, bicycle accidents have increased as well. The problem of bicycle accidents can be more
serious than pedestrian traffic accidents because most bicycle riders often do not wear safety equipment. Therefore, this
study analyzes the physical environmental factors of bicycle accidents using the Traffic Accident Analysis System (TAAS)
data (2017-2019) and suggests policy implications for the safety of bicycle users. The major physical environmental
factors that affect bicycle accidents are crosswalks and three-way intersections. In addition, this study confirms that
bicycle infrastructures are critical factors in bicycle accidents. The bicycle-only roads show significant associations for
accidents between bicycles and cars. In contrast, the bicycle-pedestrian roads show significant associations for accidents
between bicycles and pedestrians. The analysis results also show significant associations between bicycle accidents
and bicycle facilities such as convenience facilities for bicycle users, incomplete bicycle roads, and trees on bicycle roads.
Finally, this study discusses policy implications to improve the safety of bicycle users.
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Table 1. Literature review on determining factors of bicycle accidents
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Table 2. Variables and data sources
Variable Descriptions Data sources
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Variable Descriptions Data sources
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Residential total floor area Residential total floor area (m?) 42
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EX0|858E AEZ0| X+ LB EXOIZ(F, 4, €F) E&= (E-AIS)
Land u sz ey Entropy index of land use mix
(residential, commercial, office)
ASE T A Y MSS 4
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No. of trees on bicylce roads

KpE7{ HOJAS
No. of bicycle convenience facilities

ST L XIE7 HOAM T
No. of bicycle convenience facilities

PNV, Lt pSONES
No. of bicycle road breakpoints

FAC] U REH 2 HEY Ja
No. of bicycle road breakpoints

S8 Bt FAEE =7 3t AR A FE3IHeH, 7
Atof| wpeh AP A o] £reut Afke] Ajofe]| wheh AfaL 747} A
og Ao wdtE o] MR UGt

A, A= AloTRFRA AIZH ¥9)= 201992 E-85131
ot FEIFTAA AlFdhe FEQR SRFAM ARE 45
aHlen, 500m A el 24 QS Wz S8l
At AHA aFARaLe] Hlteel FakS vl 4= 7] v
ofl =& W(exposure variable) 2 Ao]3]& H a7} glrt,

AR, 2 gkt 24 A ST fete AAA WAL Rl
of o] k=E&R40)7] Wi Aloj7t Wasitt, FHF Qo=
RS2} ST AAA STl Ak, WA AFA FHF
o aFAF LN Yk 7T HRANE AN 753819
ot RS2 ST M A= o)) e} ARPER AFAre] §

Fgo] A zolu7] ol & A+te] A oM e AAEE A
A AFeAF SHFI S WroiA HsR 2859 §3
& 8QloA AAA FHFS A& YR =M AlFsaL gL
o HloJE] P42 7 AHE ARz AHA Y] FHFLE Al
AL ek, ERE & T, o7eh 78R Wirol A AlslaL 9
on & 24 A= Bk 2ol E838igih

A, Exjolgaglor FAE e ddd, 4Udg e 4
A, 78 AE AUAN B0l gL} . LA &
B3 A A& FESIeH 7]EdEE 2019900
AN A= 500m A U Gl ZF EX|o] 80 HAE jtste]
Aol &8sttt EAJo]8-E3=2] 7§ IERY] A (Frank
& Pivo, 1994)5 &-83to] A4tslitt. EAJ0]&-&3 == 19] 7}
7heSE FA, AT A9 T srhe AL vish,
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2 ABF et ok ASEE AEA) TS BAS A
Fa0) Seloie ek v 4 glo] Bl LA oM 7k
BERRAE A FE et
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ik 2Re ©919] BB A2 T2 IS 4 Yo} BAo] &
gatnt,

cheo® B A4S WS Hao) Beslslt, B A%
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QU W4EA AAA BT} WY BAS vepd ow
werElglct, 427209 % nhukel AEA SR 12m of3)
o wxolch, AHANI/L ek ol wAjzmet ohje o
EROAE YMs MR 02 BRI ofo] HAe
A= 500m 22} vl 12m of3h £ Zo] S HA e} Lol
A £40] 283544,

upeko 2 27 Qlaet felo] et XA Qlaet aqle]
£ AAAER F8ol B v glon AAAER Fas
Aot AR B e AR HAAY A B
gatich AAAEE §3E THAA o)§ TAslel Bk WS,
o weh AHA SMER, AAA AN, AAA Hgwwoh
B HEERE F 1K) 90 heojA] Qict,

WA AHA QTR AR AEXRE o] HAMe)
U 2el) glo] AXEol Qs EReA 28§30 wretn @
Shelo] A SAE R0 Hote] LA Asiaict. XA A
BER0] 9ol A $HER} TR Xwe] 4%
sof QlAIet Hejtht AAM 0 Uuxzol Helsigon) A
AAT LW 4 Qs w2 W,

ARA AGEZE AAAT 0|88 4 Qs HA AHAL &
E7h & Rojeta alsle] 4ol BT AAARR F
nhepel Maj AguRE BaEze} ) AAsE A4
g2 BAN £3] & 4 e AUAEDO|}, BAR 4E
w2t Qe AYs] A3 IA2E Yek Ao WA

) "BEAR, M56H X5E (2021)

£ A %ol got Aate]] FakE |3 Zolet wE o] HAjof &8
aH3ict,

AHALER WA AE dddely FoA 153192
7]& lolglof) Z3tE] o] Y= APNALER HZ ArcGIS ProE &
S3to] v Fo] WA O R HMESIoIT AHALR & AT}
e Y- Tl AZAVES AR -2 R AA]7IE o u
2t F4 29l 1.5mE AALE Fo7 HAsto] HAof &g
a3k,

o 2E AAAER 7t Aol 7124 A% 9”1
dlolg FReA 5o ¥ S AAARR |
2 9)ofl A= 7t24E Aol E8Igi), AAA HeJAdS
A&A] GR1 dlolE FgellA] Algata glom, 24 wA], sk
O 7 WrojA Qi ARAo 2= AAA AXY, djej4, A5
o, 3P4l A E77F et

AHA AL AHA AR F3Y Foll 412 3P
Q17 AVARA ZAAA LARZE o] Hol= Aao]7] e 2
AA wFARLe] Fako] Q& Ao wsigict, AAA et
[0 A A |l AAAER FAAYL AAARLER}
A=} A gL FolA = A™E Sujgict, AA AXE 2}
AALRE f713oR AZEe] A gon vz} vht
£ A7elA dAE] = 4971 Sl

3. 2F 24 28

B =52 500mZAA W 523 o] ApHA FARL LAY
o ml A= P BAE] 8 7HERbE R AFHA wEARL A
$0] EAE arejate] Sold 3RS HE3t wEAL
A Wl A 37k Hejet Azt wheh Abah waie 4
= EhEo] ATl & 4 ok, wEbA BAE9Q1 500m HARE
2 27 FAL AeE AT 7390 ol B2 vt B
FEE 7H}, o] 79- Lol Bl ot Fol3} Ao
2 B4 AYsh= Zlo| upgAlic}, Xold 3|7 A
AR Batghe] 2 o F2 &8sy, HF 2F 9| alpha(a)
grol 0 gro2 =EETHH o= BAkn Hyrgho] k= 2 9
ulgict, #4143} alpha ghol 0 o)) ghei f-o)5kA| Vel
0|8 3|71 3& B83H= o] Bt A oR Vel

F7VR, AR | L) AHA WAL A 37
A7V 7ML Sl Weo]7] wie]] 203} 37|l
FUAZVRAE Alold 4= 9= A3 ¥ auto—covariate) &
ARyl 2718ttt AHs-aHEe kel Fhdeier o
3f = T2 FUHISNE 1he] Wi B3l 7RIS AR e
2 S| Frlete] F450a AHAA AL 7HRE ¥
ZHARI A7) 4438E AlofslE 4= ot (Dormann et al., 2007;
Lee et al., 2020).
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V. =Mzt
1. 71287 24 Y CIE3MY AB

B no] 7| ZEARAS (33 2T} B HAS HEA
500m ZAHE 27 ehejoln] 1Al Asgal] 918 2,155709) 2
Az RE WSS T2, FHUSE AR o A8A A}
T 71%9] 79 B 148702 BhIsk & 9lon] HHA WEAL
17} 714 ol st Ak 177102 Ut} oo 2}
A7) of ey Abe) A9 W 0,507, 71 B Al 97
o2 Ve,

SRW4E Auy A7se] 79 B 4,560%o0] AR
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A58 £ AL o 4 ek, whal, AR AsoNE B2
413670, Zggrol 303710 Z& BeIs 4= qlgich, Al o
§hael wAmBg ohet o|fEER ks Ao 47
2] i40)7] o] Huigho] & ACR B 4 it} AAAE
29| PRgHe HHA) FLERTt M B A0 BEE
shel, gl Al AAA SHER7} P 2o S Sllet &
Aok, AHAEE 7hde At B 10702 ekston] A
7 HejxAe) 9 0,370 SRIEI), vhxjato 2 A
2 FRANS B 35072 eksith, theo tEEAIA
Alo] 79 2FAA WaEol 52 x| oot BAPF glck wek
alo] Sajo]) 85194},

M

2, SO0I 2IH=EA Zat

Aol A] BAjof B8Rt FF B Jold) Ao},
2F ol gt FAjof Al EAlof] B8Rt o] et
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gon F7H 7S Alolsh] lsiA Sl As
FHFE F7Isto] A8

AT 29l F sPHA L o] ulg} vitfo] AntE e}

e AL e 4= ek, ol Avke 25t ST Aol
7h Us ASR wekEn 2RgAre] 49 3P FHoA F3ol
ARt BYAe] 739 AH E= -3 o 7HE fleiA shE
o] o}-g3}7] wiizel ofdt A7t vehd A0 R B 4= gk o
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U ZPA 42k AlokE HEE o= e 8o 8% 4
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H3.7|x8H 24
Table 3. Descriptive analysis

Ha HES b 24 2% o SMEA
Variables Obs. Mean  Std.Dev. Min Max VIF

RPHA of KSR AL

g_g # No. of total bicycle accidents against cars 2156 148 221 0 LY -
epen.
Variable ~ AFH7 Cf 28X} AL -
No. of total bicycle accidents against edestrians %165 0.50 0.92 0 9
Ao1EHg 221 of™ B River area* 2,155 14.62 44.45 0.00 250.00 1.73
Natural environ.
factors ot ZALE Average slope 2,155 3.73 487  0.00 28.06 1.67
@154~ Population 2155 456061 3861.61 0.00 19,391.00 212
AiSAt S
. Car traffic 2,165 562457 3,990.65 0.00 26,727.33 1.28
Traffic factors  xyxi7y sy
Bicycle traffic 2,155 26.35 48.24 0.00 340.75 1.66
FHE X
Residential total floor area 2,155 18894 1,892.71 0.00 92,400.00 1.01
AU ity
EX(0|8 Q0! Commercial total floor area 2,155 25.14 33.94 0.00 262.61 2.26
Land-use o ol
factors 78 AHE
Office total floor area 2,155 13.40 49.65 0.00 692.24 1.31
EX0I8=E=
Land Lse fmix 2,155 0.12 0.10 0.00 0.63 1.14
=S 2%
No. of traffic lights 2,155 3.12 273 0.00 26.57 1.24
F|chE )4
No. of crosswalks 2,155 14.87 13.19 0.00 92.00 2.54
niss= N =] B
T2l A
I?n(Te‘]:)_e-; No. of speed humps 2,155 4.38 590 0.00 53.00 1.47
Variables 7t=&2 2¢! 3X| mxf 7%
Road T . . 2,155 41.36 48.28 0.00 303.00 242
environment o of three-way intersections
factors 4% TR 4
No. of four-way intersections 2,155 6.60 8.50 0.00 104.00 243
H XM
Average no. of road lanes 2,155 2.81 0.88 0.00 6.94 1.71
MEH 2 HI8
Road length ratio of 2,155 62.98 32.55 0.00 100.00 1.73
neighborhood living area
KM P
Bicycle-priority road area 2,155 54575 1,893.62 0.00 36,815.96 1.35
AHATE=R HY
Bicycle-exclusive road area 2,155 32543 1,157.92 0.00 10,417.56 1.18
X7 HAXIABE 2 A
OJE; a0 Bicycle-pedestrian road area 2155 173616 259396 000  17,021.11 197
Bicycle REAZZ 7j24 244
infrastructure No. of trees on bicycle roads 2,155 10.10 21.46 0.00 216.00 1.49
factors
KA HolAId
No. of bicycle convenience 2,155 0.32 0.93 0.00 10.00 1.24
facilities
SSpNrS
AE7i=E X 2155 350 580 000 2300 192

No. of bicycle road breakpoints

*Mean, variance, and maximum of river area are divided by 1,000

02 "IEAIE, X562 M5 (2021)
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4. 30/ 272 21

Table 4. Results of negative binomial regression analysis

RIHA tf ZESXE AL 2 RIEA tf 28X A 2
A No. of total bicycle accidents No. of total bicycle accidents
Variables against cars against pedestrians
Coef. z Coef. z
Xisty 201 o HA River area -0.006™** -4.61 0.003*** 2.75
Natural
environ. factors B BN Average slope -0.126%** -10.67 -0.120%* -6.85
Q1= Population 0.005%* 5.76 0.008*** 6.26
E312F Q0| XISAt S Car traffic 0.001 1.52 0.001 1.02
Traffic factors Xpxi7{ £852 Bicycle traffic 0.115* 1.72 0.305%% 392
FHE oy i i} i )
Residential total floor area 8.669 0.89 0.135 0.01
EX[0[2 20! HYUS Sy *
Land-l?se Commercial total floor area 0.074 086 0233 1
factors AN Xy
Office total floor area 0036 il Rt L
EX[0[EZ&= Land use mix 0.381 116 0.931* 2.35
A&S 74 No. of traffic lights 0.031%+* 2.98 0.017 1.06
FHH =44 No. of crosswalks 0.189%** 8.33 0.084** 2.33
TAEHTE IH5 N . . -
No. of speed humps 0.004 093 0.006 093
. 3X| WXt 744
24 Q0| ) . ook ook
Qf:g 8 8d No. of three-way intersections 0.002 . s %49
environment 4| A2 T4
factors No. of four-way intersections 0.005 155 0.001 0.24
Tt A sk sk
Average no. of road lanes 0.104 6.20 0.001 201
M 2 H|E
Road length ratio of 0.003** 2.01 -0.001 -0.61
neighborhood living area
REHARMEZ HA ) )
Bicycle-priority road area 0.001 0.05 0010 0.64
AEATE 2 THA ook *
Bicycle-exclusive road area 0.054 292 0.042 1.65
HHRAS 2 O ok
gfw T’JEE} 221 Bicycle-pedestrian road area 0.006 055 0036 239
icycle
infrastructure AA=R 724 -
factors No. of trees on bicycle roads 0.003 283 0.001 0.52
RI&i7{ HIAIA
No. of bicycle convenience 0.079** 3.63 0.123*** 426
facilities
RHA=Z SR ook
No. of bicycle road breakpoints 0.014 312 0.007 1.08
s8¢ Z (auto-covariate) 0.179%* 1219 0.199*** 3.31
Constant -1.638%** -11.36 -2.173%* -11.68
obs. 2155 2155
alpha(a) 0.36%** 0.36%**
chibar2 290.16 42.67
Log likelihood -2837.01 -1772.65
AIC 5722.01 3593.30
BIC 5858.23 3729.51

*p<0.10,*p<0.05**p<0.01
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B2 AL Qulhth
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< 4571 918f 2017958 20199 Abo] A&Ajofl A EAYEE &}
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Aol BRI l=E A4 ot A FHF 2L ¥
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A, B0l 20X = A ARA T} Exol g &t |
7t AA df B3P} wFARLOE AR OR foljt MeR
LeRdTt, ol A= Aol B0l & T}t =2
J2of A7 BAL thelRt Aol doju] whiEel A
Aot B} Apol o] R ALzt HIRIsH dofd 4= Q& 2wl
Fhh, mekA o2t x| %] - AA ST KPR} Afo] 9]
&S Aol & 4 Y 7HEg gAkle] 9ad Ao ud
Ho}, A& S0l AA-EHA HEer Hops AL RE =
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=4, 2o 7tRd7 8908 AHAA AFARL WAL
AT WAL 7= AR YEh 728 fARjle] a4
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& BE BYofA (o) WFR FAZ R RofsHA vebgt
o}, 53], FekEieo] 79 AeA} of A WFARIL BYPfA
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oF Rt SN 2FE A} of APAA WFARL WOl 52 A
& ouRic}, FR o] B9 APATE AHEA =EEe 37
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FAEER ZQIsHA 2 25 AFeAH R B3R} HEARL 7hs
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04 "IEAIZ, M563 X5E (2021)

O et Bt A7 B2 A 92 25 S8 F
P&t g3l FoR o] Fo| {Y] wje] APdA -7
A A& BesiAY JER R Adshs B9 AHsAF W B
Yzpeke] WFARL 9170 2okl & A& v, wehA
A SR FYRES 2z o A0 A WA 2R
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A ) APdA wFARLZE APAA D8Rt WA w0l 9
& AR 53] A&Ale] - AdA d=e 3eS Sidl
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AAA WFARL A2 i@ o] =3o] Wasict, Y, FF A



MEA| XA mEAIDe| S2|X #FER! 24

A HOA G HAE o, ApFa} wEate] gt Eejot A
A ol 8AF=2] A4S atejsto] uixjaljor & vt US4l
AR,
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A} 9IS B3It weba] A Folu A ol B8
7hs’t heket Abg]- A A 3E B-83HA] Bl w3, 7]
7h FU3 AR R EAEG L SRk g A TR E4
e 75 249 27t Gebd 4= 9= Modifiable Areal Unit
Problem(MAUP)2| #A|(Openshaw, 1984)7} 3tk o]2{gt gt
AE FE37] SlelAl = thaet 37t B4 T9jolA 243 At
& vlasfE Y et Qlct,
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