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Examining Neighborhood-Level Vehicle Crash Risks in Daejeon
Metropolitan City using Spatiotemporal Bayesian Models
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Abstract This study examined vehicle crashes between 2015 and 2020 in Daejeon Metropolitan City,
utilizing the administrative dong (a neighborhood-level division) as the unit of analysis to explore
influential factors in these crashes. This study used generalized linear mixed models capable of
addressing fixed and random effects within a spatiotemporal Bayesian framework. The results estimated
that the posterior mean of the variables high intersection density and high pedestrian crossing density
were 0.328 and 0.711, respectively, suggesting an increase in the relative risks of crashes. Conversely,
the posterior mean of population density was estimated to be -0.351, implying a decrease in crash risks.
Regarding random effects, the study estimates temporal autocorrelation at 0.971 and spatial
autocorrelation at 0.476, pointing to the dominance of temporal factors in the overall random effects.
These findings provide objective evidence for formulating transportation safety policies at the localized
level. Furthermore, the methodologies applied can be utilized to analyze crashes in other municipalities,

thereby enhancing the understanding of the associated risks.

Keywords : Crash Risks, Daejeon Metropolitan City, Neighborhood-Level, Random Effects, Spatiotemporal
Bayesian

2 =2 Sk 20239 AR =EAYARIS A9 ol £ 12(C2023-0023).
*Corresponding Author : Youngbin Lym(Kookmin University)

email: yblym0207@kookmin.ac.kr

Received February 26, 2024 Revised March 21, 2024

Accepted May 3, 2024 Published May 31, 2024

176



ks

Wolxjet = Flute] thagelq 2aAe BEAT

_(')_]

A
&

ek
M

=

—

1. M

1.1 A7

SEuete] WAL 4GSt Iyl wE
T 48 TR 9 Rt wE /lxe)
o|F B3 A 2 ERY ¥ET olse] FHE Tl o]
FOIRH]. ErusEde] el vk 1990
| OECD %7} 337l & A9 SHAIR @2 ZE AL
7H g o, 20209 Q1 105 B WAL Ay
4= OECD 3¢¥= HA# 162.6719 < 2.5HQ1
404.5702 YERY, ofds] OECD Y= 3 oty 5
<ol #E8 AeH1-3L

olo] thgsto] B & P ol BE ¢ A
ALt E2nEEsd 5 TATIEY kol loigt,
A 7|ZAAGAE HFoE wEMHAS: 55 4=
sho], WERPHE A3k A9 T FBS FESHA
TH4]. SEAIRE, WERPAR 4= B 7| ZAADA| A
TTE Fe R ot Q7] wiEel, =7F AAY wE <t
£ Tmtelr)of= goloit, At
FEoA EALL Aol et =t
o] Sltt.

A o 9 AP B 2
o o]Qof|=, AR QIFE ojmH] 9 &

H T AR AAR vES EAAXI
E3h AR QIR wEAE € &, 183 ARE Qt
Az Astet 22 AgAl fofig 31 JCEE, A
9 29 kAol =8 WAL F PR 5] st
[5,61.

Aol wEetd A =9 3lo] DA Q4ARE=
AL FFRR19] nietof] Qlrh. WEANLY] AML RIE=E
Eo|AU ALY AT EE W] 93t Tttt A
eks 9of dlojg 9 BAEY 7|9e] A7t <]
oA T o]Fo|FtH7-9]. FZole HdolE E 7]A
S, A5 o7 g1 €8-S 59 HolF 7]
v} wEAlLL A7t &Sk o]FoiR 1 IeH10-13].

ol{gt tlolg 7§t A SHEA AU AHE
Zo] sto, & oAz @A =W AolA AtE e
2 tFojd A7t Ho|A|t R ¥P(spatiotemporal
Bayesian model)s &-&5to] At A Tl
A9 WEAL FFLRS TSkt gri(14,15].
& 7ATE Be 715k} A7|HE Bl
BALY] FRFAE mofsta ot AIRE W F3ho|
W5l gt ol

A

=

g

)

19 gy

[R=]

o}

=hes
B
ANZ

2lu], ol A

A

jata

r ol
Ay
i
A,
§Q
rlo

177

AE Bl o]}t 71 2 7
Hsol 2Rt I
Amo] FAoNA WD
ot AT R e
AAE of ot YF= &7 et = U= A
o] Ut

o] A7 AFIAl
o, HAFAAl W 797K
off TR wEARL] Higt £4&
7o qF Aoz didgAgAE AT olf+= 2019
9 7%, 5394 F diAFGAZE 4 109
BAML AFSAL 2 5.2 02 74 2 v, Bl &3
Aot vlasto] g AAE gides g A7t BE35h
7] qZolH16). ok o] At FE TAAR] &t
B ZHAGR] g Ul B SelolA ] AL
3 I gFaL efol] et A= V& +3=HA
T ESF, RS S AR AH@AHE) 1E
AR A A7E Ed AlRCA Y] B3t 9= I
St Qe ks o=, o] A7 64 T W%
Al W 7970 sl BT AL WAL
2 H8RL Sltke HolM thE ke Abelo] Sl

FgeE WAL A B3 22t ] AlzE
of m& HalkE aste] 1 JF8AE HlolE 4 23
= B HeltlEe A2 ot YT DoAY
WEHA AH S o] ARl ZAE AN F

Ack= HolM A2 297 ot sl

A5 249 digo= AHst
45olA 2015~202049 &<t
<Pstarz} et A

=
=
%

A

P

2 o
o 18 &

1.2 A=A

dutrz oz wEAkao] gt B4 Ak W% (crash
frequency)®} AAl AZE(crash severity)® &5
o, AT TAHATE ALY HlE EE AUede
(relative risks)oll ol FBtLAF SH=A] 2 ARLL
Ao gk ERRIA| Y ofFof mat 11 FHT o]
GERITH17]. °o] A= NE ARy AZko] mX=
FFQllo] gt g3t 22 mA]H (microscopic) &
Ao opd, Atk ZHA|GQ] PP AT A
9 22 FAE B, JiE PAFY AY EAo] A
H WEAY AL HE(HH YA E) oudt FFFE
n| =3 getsl] B7] s8] A (macroscopic)?! A
+Z ottt ol sl Tt FFrlolEE A
sto] WEARL BEAE 95t flojguo|AE &3 &,
BTARES E85to] Tt 22 A+ AR Higt
9& ZAstA}t sheiTh



FAte71&te=g A A25d ASE, 2024

1) A GA] W Sqtid A 9] wsAtare] e

Lol A= F3 e EASHEP

2) o3t WEARLY] AR = Alftol wht st
Sl=71?

3) AZE 9 F7hol| ot EEAT ol9] PFE E I
AT AfHEd] vAE 2 2 A3
A7t B4 R

o] AFoM= IFEA o= B4 A 2 7

SEEN| Heks s NI BEHEF 7] A
7t wlo] Xt BES Aedaety, AJEdo]AS T8slo]

242 Saslgrt,

A

=1

9l 2

q
=~

Hu

2.1 A7 XY =MIE 15

Y o9 WEARL ATe e Eehd el A
Agoks S5delE Q] WBATESAIARTAAS: Traffic
Accident Analysis System, ©|5} TAAS)S] AFaLt|o]E
£ F& o|83sto] ==o] LrH18]. TAAS HlolEol=
A A Abe] £ RE ALTWE(EAY, A4
I, S, AFTARL 5 ALY AZtE) T AFLRE, Wt
RE, = A, AR g A1) 71, ZHeiAr 2 o
o AR e FE, AR HAUA], 123 FTEYER] A
T, A2, H8sol B3t HRE Algsta ok okA
gk At AR e SEARE AT @71,
TUREE ZET WBAY A= AREOE o]Fo]
o}

o

d

o)

AE

=

gt 5517 sf o] Afolx= | o]
A4 HlolHE FEotke 7IHd ¥ A3 o)W (web
scraping)s &-8oto] WEALF LS A9 FHHEE
4 T, o] HAE TAASY YdolElet Aot Af
B2 toEHo|AE 551t 121l A Y HEA|A
H(GIS: Geographic Information System, °©]3} GIS)
9] 37HE3(spatial join) 71HS 53l TAASS] /HEW
BALO] HHFGA] B P EE 28 4 QL
L& golEHo|AE 51t o] At FH A
A7 AFGA W BYE9 AL Yol Ttk Al
T BEAo)7] e, AT EHof HIsteE o
o|gjHo]A0] AH3t HEko| o]FojFt.

3% TAAS tlo|gE 45 EH, 2007~20214
712 GG Aol = & 98,205719] wBALT} HAY St

s
h
=

178

o] 3 £ A= 2015~202040f @A st 45,207
Stal =, 1 olfe g 713t g

PH50] 79712 Welrt 10N, AFw A1 A}

FFRI0T TAT 4 U AT
2 E8 Y AR Yo e 2UN
3 ¥l 4 4 ol 7NhoR o|Folzir. olgt
sajdlolg %, A1g7t Hlol et B A 8 ¥
dlelejutold 7]%e] ANFEel I Fig, 1] A

T

ol

@Vehicle crash data
aggregated by

(@Data mining from (@Web-scraping of (@Spatial join with
TAAS database crash locations administrative unit

administrative unit
1% data manipulation process : crash data
(®Adding unique (@Filtering crashes (®Building extended
@C%me\lc“a"mbles identifiers of occurred during dataset for model
9 administrative units 2015~2020 development
2% data manipulation process : final data

(®Developing spatiotemporal Bayesian model
(@PFindings for policy recommendation

Fig. 1. Flow chart of the study process
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Table 1. A brief summary of data used for this study

Variables | Mean ‘ S.d ‘ Min | Max
Dependent variable
Number of crashes | 95.3 ‘ 75.27 ‘ 9 | 549
Independent variables
Sociodemographic
Population 18,912 | 9,392.9 | 2,491 | 51,122
Population density 10,802 | 7,973.9 39 36,771
Vehicle registration 8,385 | 4,602.7 | 1,223 | 25,733
Area(km”) 683 | 1279 | 046 | 638
Road environment
Road area(km?) 0.575 | 0479 | 0.104 | 2.662
No. of bus stops 18.1 15.83 0 76
No. of intersections 383 394 7 2,529
No. of crossroad 158 111.35 26 593
Note: 1) Each variable was measured by the administrative unit,

Dong.
2) Variables were further converted to meet the needs of
statistical investigation

Number of observations: 79(dongs) x 6(years) = 474
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Table 2. MCMC results

Mean | 2.5% | o7.5% | Iiective
samples
Intercept -1.202 | -1.510 | -0.893 5963.1
Car-registered per | 5 379 | 1824 | 2920 |  3413.2
person
Road ratio -0.708 | -1.700 | 0.283 1172.2
Population densityM| -0.242 | -0.364 | -0.117 1591.3
Population densityH| -0.351 | -0.507 | -0.197 1397.5
Bus stopsM 0.063 | -0.115 | 0.239 3009.5
Bus stopsH -0.024 | -0.237 | 0.190 6612.8
IntersectionsM 0.229 | 0.057 | 0.405 8465.0
IntersectionsH 0.328 | 0.123 | 0.540 8830.8
Pedestrian 0.136 | -0.076 | 0352 | 3995
crossingsM
Pedestrian 0711 | 0.421 | 0995 | 22261
crossingsH
o? 0.127 | 0.090 | 0.169 7283.0
Ag 0.476 | 0.243 | 0.730 6653.1
Pr 0.971 0.924 0.999 15044.9

1) DIC = 3,708.3, p.d = 333.23, LMPL = -1,933.2

2) Reference categories: Population densityL(Low),
Bus stopsL, IntersectionL, Pedestrian crossingsL

3) All values of PSRF of parameters are less than 1.1, suggesting
good convergence of MCMC chains.
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