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Abstract

This study aims to investigate the temporal and spatial patterns of elderly traffic accidents nationwide over the
past decade(2011-2020) in Korea, where the number of elderly deaths from traffic accidents is high, and to derive
implications for elderly-friendly cities. First, the temporal pattern of the death and injury rate of elderly traffic
accidents was analyzed by performing emerging hotspot analysis. 2,290 temporal and spatial cubes were generated to
calculate relative values between neighboring cubes in the cluster cube, and the temporal and spatial patterns of each
region were identified by calculating the time series trend. Second, based on the traffic safety index, the traffic sector
was classified by grade and the patterns that appeared were analyzed to derive implications. Finally, it was
investigated whether the hotspot pattern differs according to the transportation culture index of traffic users.
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Table 1. Emerging hotspot analysis categorization and definition[17]

Pattern name Definition
No-pattem Does not fall into any of the hot or cold spot patterns defined below.
detected
A location that is a statistically significant hot spot for the final time step and has never
. New hot spot - -
been a statistically significant hot spot before.
Consecutive A statistically significant hot spot for the final time-step interval that has a history of also
hot spot being a statistically significant cold spot during a prior time step.
- Intensifying A location that has been a statistically significant hot spot for 90 percent of the time-step
hot spot intervals, including the final time step.
Persistent hot | A location that has been a statistically significant hot spot for 90 percent of the time-step
spot intervals with no discernible trend in the intensity of clustering over time.
Diminishing A location that has been a statistically significant hot spot for 90 percent of the time-step
hot spot intervals, including the final time step.

Sporadic hot
spot

A statistically significant hot spot for the final time-step interval with a history of also being
an on-again and off-again hot spot.

Oscillating hot
spot

A statistically significant hot spot for the final time—step interval that has a history of also
being a statistically significant cold spot during a prior time step.

Historical hot

The most recent time period is not hot, but at least 90 percent of the time-step intervals

spot have been statistically significant hot spots.

. New cold A location that is a statistically significant cold spot for the final time step and has never
spot been a statistically significant cold spot before.
Consecutive A location with a single uninterrupted run of at least two statistically significant cold spot
cold spot bins in the final time-step intervals.

. Intensifying A location that has been a statistically significant cold spot for 90 percent of the time-step
cold spot intervals, including the final time step.
Persistent A location that has been a statistically significant cold spot for 90 percent of the time-step
cold spot intervals with no discemible trend in the intensity of clustering of counts over time.
Diminishing A location that has been a statistically significant cold spot for 90 percent of the time-step
cold spot intervals, including the final time step.

Sporadic cold
spot

A statistically significant cold spot for the final time-step interval with a history of also
being an on-again and off-again cold spot.

Oscillating
cold spot

A statistically significant cold spot for the final time-step interval that has a history of also
being a statistically significant hot spot during a prior time step.

Diminishing
cold spot

The most recent time period is not cold, but at least 90 percent of the time-step intervals
have been statistically significant cold spots.




A 3 R A3

£

140 A= el S 8 24

National sigungu traffic
accident data processing
Create space time cube from
defined location

l Using created
Emerging hot spot analysis spatio-temporal
l cubes

Hot spot analysis
result comparison
by degree

Overall conclusion regarding
Traffic Safety Index Degree

D 2011~2020 A= =Q1ALE

TAAS Traffic ccident
analysis system
data

10 year data by
sigungu

Az dol Flwe] AZAT

. Number of injuries
Injlfry/death CEE] and deaths above
by sigungu and age 65

Create cube
depending on 10
years time series

Comparison of elderly
rate, traffic culture
index by hot/cold spot

18 3 BN ZEAA
Fig. 3. Analysis process

N

01530 60 90 120
[ = = s L}

8 41097 CQIAIURH| &
Fig. 4. Elderly death ratio hotspot anlysis

stAam B
HAT 24 2}

=2 " veid A9 & A= A
C‘JA}“‘ZP H&0] 03882
A Sy XoZ kR
B2k &) 0.2910) 3t f;\wu Ao AFY 8

RIAMG A} ngOI 0427, 4
N Ao welagat
Hlgol 0512, RO R 4Ry Shagh Ao
olF ) AETR 05219 HF AR B go]
Lebst

412 =91 A HE stag B4 2%
2011EARE 2020970419 =91 wEALL FgRk

Hlgol tisted A&7 St

F O 7HA) S2% dEe] =

AA ek T 7 S e
23 A 2T /\]-F{—?ﬂ g‘l-/\.ﬂ-
/\; .1‘:'4
5 g3 Aol e FRs] A
B wARYR g BE, Ak AY FE 3
sect.

>4
rL
5
rLoM

ey =2 Yo Yehd AHe doy
N2 A wEAL 42 T AT v
0.366= E%‘E}. WY FEAT AGS T o=
QAR Blgo] 0380010k ST A%, 9

[¢}
&9 Stage A4 TR AETE 2R A
£0] 0489, A8 AT F
H]-&-0] 0.593, npA|HO 2 Ahgsa 51 5}
B v)&

N AFTE 03769 =2

N

01530 60 90 120
I — <

a2 5 107 LIS AR SATE 24
Fig. 5. Elderly injury ratio hotspot anlysis

23



Journal of KIIT. Vol. 21, No. 4, pp. 135-151, Apr. 30, 2023, pISSN 1598-8619, eISSN 2093-7571 141

B blo EL%@N%% ﬂﬂwﬁo_.ﬂi%mw " B o) N o
— S — " Jl.ﬂ.” _— = N =) T To ]] f
Er_c:um Eoiﬂﬂwmw_owf Er_:a% szxﬁuuu__/nxw_ mﬁﬁﬂiw]_ui
Sl 2 QO_L__OEO:.L,A_ soE Wo B Mm oF mf oy N = of g
=L o6 Heg 4w TC8 W ® o X oo " OB @ B
“u_w%,wnn oo XN ol o1 ﬁ___wor,mnn o o U W R H
Cup i E é.A_A:Ho_LMm_mogw L= w9ﬂg_ﬁ%%ﬂm_m ﬂ%%%u
Mo 8n mEwRIRT S Ao BTegHemw T RE
WL 2g K o i 1y w S22 N T N R Ll i =3
i HK 3 38 ooo_LLtsw 1_,_.A~1wﬁ :._m._\mm =3 .Mﬂoﬂjtld_%‘_i 3 =
afeo8 TR LR LA ISP TEHT RS DT L EE LT
: S EREY M ¥ox ey o FRET TRREFALE L o< BB
= — TO A~ ) N e 0]_| — — !
KBEE SETE T2 ROCE ERmTTT M B e T g
SN N o e o S 3 H oo = B
dousg TNy B eNCEIE N wmwi1%%%%%%%;%&2_3%
o c € = ' N X = o < o < < Bo B 1 of A% L
a8y FELFETOE w8y AR RE O MT KT
o|_A|_|gS Bo BT Ltc._oi o|_A|_|.uomuS n hzTﬂwﬂooﬂuo_ﬂmﬂlﬂA@I
FESE wmE D E W (EESE T ER BT LB L A
5D = o o SR s o e N TR o N XY N =3
Nogg O g ol Wo T Moy PO 8 B o ] = K| o
0o N EoSdléoﬂ_iJIE] 5 oo ﬂ_r B OR OB W Otn_AIH . 20
Z}m_.m.v ﬂﬂkuMMoo#EWwﬁ:ﬂ =}_m__.nﬂUV mumﬂﬁd%du.ﬁo_wxmﬁ?;&mﬂoﬂo
e - MW T %0 BB T " WX TTHE=T R XBXRN
F O ARBPFUPARE 3 S Moz oo hap o w i T e W
T et B HEay BT O, ek W o B2 A
r FWpR VTGN R owE ° F = = 2 o 7 p B
OM ﬂE;uaﬂauwmﬂm_nmﬁd.unﬂ@auﬂﬁJﬂ%ﬂﬂ_ﬁw ﬂ m O_EWﬂ_m ﬂq%
IR B AN Bl A B ol R WEEz LokT =g
I FA L REIE WY o R g W oa e o o wosl Ty
= wrmﬁ T3 K onm o wﬁ%xx mWoor X o X I = _n_wo]xE%#
N T S o Ay - - S U WFrSy oo g <
n W%%E%%ﬂ%%.ﬂgLdo@r@meﬁaw@nowmmﬂmﬁ T m@aumamuoﬁw%
= X oo 70, = X ° AR A = Bo ol o - = o|J
~ ﬂ%%ﬂ%%%ﬂ%@%ﬂ@ﬁﬂ@ﬂ&ﬁruizﬂJ. a5 8 %zﬁﬂﬂﬁ
,lﬂ~ ﬂ.l 3 _ _.._.\1 h o _AI.I.|r o o
IH 1_&L]HJQ%J%W@HAaﬁﬂﬂu_&omowj.ulﬂ@vﬂﬁldm_ A@Mm dﬁoﬂuﬂﬂMo
t R T o FRHERD T o %o G 2e TRE DX
| ol plo I 1] ; X R Plo T S — o of
u_o Mﬂ%ﬁoﬂﬂm%wq%%%%mﬁowmwﬁﬂ%ﬂﬂ%ﬂ}ﬂrﬂ h TR ?%ma%d..wm
B e e LT A Rl s wEoC Ee R R SR R
Moy Ty WP EEFI T T e oy X G GO I
= MW oo moAn 2 R g — o ® BT ol 7T - o 5 qe oF T X o
I g
L ° o P o s = oo o WO o m 2 Jap 3
o Ao T EHpTHEHEYE T B KT YR h ™ o m
< g HETITFo RIPEFT T IRIHT o oy A o] B



2011~2020 A= el w-FAH

W o] Ag7E e B

3 27 vent ol

A AAZE "A

%

Ak A}

&

e

1o oA, ohe ol

o] H23|

VS|
o

i

2020

of A

L
ha

ko

o

2016 2017 2018 2019

o A%, UAR Sagow

2014 2015
elderly death hotspot regions
THE&

o

=

|

o

£

2011 2012 2013

a

)

Fig. 10. Elderly death ratio of road traffic 1st degree and
2

a2 10, ol APZER}|

1.200
1.000
0.800
0.600
0.400
0.200
0.000
400
30.0
200
10.0

Ao AE uHA Al A3t vla

2t

°

] 1 1A}

3L

hotspot regions by road-traffic degree(L: 1st, R: 5th)

Fig. 9. Pedestrian behavior in traffic culture index of

wel Az ul g 34 Azt ueh

o Az} oA
o] Uehd A HoA

43 =2l AR}

=

[¢)

0.0

i)

2012 2013 2014 2015 2016 2017 2018 2019 2020

2011

no
ujo

o<

% 9oz sjetEgirk

o
3

o] A= F=2% A

H AY9s

=~

and elderly death hotspot regions
A

o8 &

Fig. 11. Elderly population ratio of road traffic 1st degree

A 8ol A
) AR N

S djdo] Holx| Fitt. o]

S,



Journal of KIIT. Vol. 21, No. 4, pp. 135-151, Apr. 30, 2023, pISSN 1598-8619, eISSN 2093-7571 143

100

90

80 W
/ )

70

60

50

40
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

—EEEYT —— S EA ZHEnge HETET

O3 12, ol AfRH|g AT XY T2UE 165
NEZEX| 5
Fig. 12. Traffic culture index of road traffic 1st degree and
elderly death hotspot regions

Hge] Shag B4 AR
(@)

t 1FATHE,
ERIAPERLE, 2E)3 wEEsAFE Hlaekth

A e gt freddt At Stagt A
do vehd i Aol 2 201490
@ BAFAE Holtk FEF FSHE BT

2) AERATH]E

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
— HUAY T —— P BT —— TN —— BEOHT
— 35947 = + (EMT ——uyIB
8 13 =l MRS AT XY E20WE bex
LolAIYH|E
Fig. 13. Elderly death ratio of road traffic 5th degree and
elderly death hotspot regions

45.0

40.0
350 ]
300 §
—
250 —
200
150 ‘
R e mrmrm s m i mm =T
50
0.0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
— B P —— BTN —— 252
— 257 HH? = HEIS T B 2R
O 14, ol ARMRIHIE RAT XS E2DE 553

ngeolgy|g
Fig. 14. Elderly population ratio of road traffic 5th degree
and elderly death hotspot regions

3) I

of
Sl

A

T A, AE gxd AYgoz Yegoy
o Ao F 201298 AYsties M =2 1F
A4S HYom w9l Az Hlgo] A3

2019202099l = nFEs A7) sk AoE U
E}tT,



144 A= eQJWFAL AP B e AlF 7 HE 4 2011~2020 A mR1AFARYL dloJE Zwke] A AT

10000 2) =RAAMA &
50.00

80.00

70.00 o}
£0.00 _
50.00 5% 5ow AY BT FET dEoe] Hojz| ¢
1000 9/1‘]:]' “‘?‘9\45]—1‘4' o]-oﬂ x9l /‘]'DOLZ}J]‘ %i‘}j 6H7]' ;7%%
011 2012 2013 2014 2015 2016 2017 2018 2019 2020 AdZo] glo] tlo] HHS WA olHAT
— HUAEE —— HUHHE —— AT —— 0T
—ZEYHR - (AT ——HIET e HE U

g 15 =el AR SR x| Z20E 55 o /____..-—-
3000

S __————-____._-——-7-"""---

I’L%"‘g}‘ﬂ T 2500 -

Fig. 15. Traffic culture index of road traffic 5th degree and 200 —
1500

elderly death hotspot regions

433 Q) AR Mg Sa% ZRuE SEE s s s s

H) 1 - =FEFYR= =ZUASA o FHIET = =FELET
e BT e BB e FE AT e ZEHHT
ST e AT e HE D E T e HE AT

=91 AFEAHHIE BAA fFYetA YERd A 7 16, ol AfURH|E AT XY S57F ngd[s

€ E2uESHO 159U A9 55U A9S |
- Fig. 16. Comparison of elderly population ratio between

B3 g p89) Ak zln nE
:'LT ted A = AF AT, ) FaAl &, 23 elderly death hotspot and degree
IR T E HlIﬂSM AH R g T5 el
AWz 7t A Fo| @ o2 T WEHS WA E 2 wolAUAHEE $AT X|of 532 1ZolTH|g
sta o= %%7‘_}9] HTS EAE Uehsx, Table 2. Elderly populanon ratio comparison of elderly
_ death hotspot regions
o 02 o vehlea e BN i . .

) _ - oo 1% Degree 5" Degree
A&t} @‘:} A Sl wEl A 7] EME Cate Hotspot Coldspot Hotspot
ojm] =83t v}, SO wet Vel gEel 24 gory | Yeongyang| Gyeryong | Sunchang | Goseomg| Geodnang| Hapdheon

_ -gun =i -gun -gun -gun -gun
O ol BAF
= 7O TAsLA ATk avg. | 334 9.2 31.0 244 248 352
5" Degree
Cate Hotspot
T80 o]
1) Al ‘—:FLH]E gory | Sangju |Yecheon| Uiseong|Goheung| Gimje | Daejeon
-si -gun -gun -gun -si Seo—qu
TEOFHE otk L/\] ERNESISER avg. | 273 31.2 36.6 99 36.9 279
S 1 golN Bag BEage E TR

2000

A2} 6}1:} 2411]24 oZ HH, lo RN 00

ol ziy & r—im

:TL
3t
=
[¢)
=
° = H 3000
AR =& l%“i?ﬂl%% EOM, 9:‘12§ 5% 20m

1000
7 AY TolA B A el AE3 W2 A9= -

1 2 3 4 5 [ 7 8 9 0

Aok AFJATF7E AA A+ F Z e AAsta - —EEERE = —SHAEN o DEINR = =BEAEE
AE AL AHEAQl AL EA|o)7] wWjEol| T A —— BRI —— R ET —— P ST —— EEN T
Toll A cooECo Lo ——ZEYEZ —— AT ——HYITE —— HEUHA
Y = = [e} A O
EAAE E2RFET Lol Aok et e el 17, el ArIE g Aot £ a2
Ao Hoe Aixie|s o

=

g. 17. Comparison of elderly death ratio between elderly
death hotspot and degree



Journal of KIIT. Vol. 21, No. 4, pp. 135-151, Apr. 30, 2023, pISSN 1598-8619, eISSN 2093-7571 145

T 3 oA E StATH X9 SF2 AR E
Table 3. Elderly death ratio comparison of elderly death
hotspot regions

1% Degree 5" Degree
Cate Hotspot Coldspot Hotspot
gory | Yeongyang|GyeryongiSunchangGoseomgGeochangHapcheon
-gun i -gun -gun -gun -gun
avg. | 0.567 0458 | 0598 | 0388 | 0547 | 0.568
5" Degree
Cate Hotspot
gory | Sangju |Yecheon| Uiseong |Goheung| Gimje | Daejeon
=i -gun -gun -gun =Si Seo—gu
avg. | 0482 0573 | 0589 | 0338 | 0554 | 0534
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Fig. 18. Comparison of traffic culture index between
elderly death hotspot and degree
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Table 4. Traffic culture index comparison of elderly death
hotspot regions

1% Degree 5" Degree
Cate Hotspot Coldspot Hotspot
gory | Yeongyang| Gyeryong | Sunchang | Goseomg | Geachang | Hapcheon
-gun =Si -gun -gun -gun -gun
avg. | 7867 | 8274 | 7217 | 7159 | 7503 | 71.89
5" Degree
Cate Hotspot
gory | Sangiu |Yecheon | Uiseong |Goheung| Gimje | Daejeon
=Si -gun -gun -gun =Si Seo-gu
avg. | 7448 | 7449 | 7389 | 8382 | 7454 | 7284
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Fig. 19. Elderly injury ratio of road traffic 1st degree and
elderly injury hotspot regions
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Fig. 22. Elderly injury ratio of road traffic 5th degree and
elderly injury hotspot regions
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Fig. 21. Traffic culture index of road traffic 1st degree and
elderly injury hotspot regions
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Fig. 24. Traffic culture index of road traffic 5th degree and
elderly injury hotspot regions
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Table 5. Elderly population ratio comparison of elderly
injury hotspot regions

1% Degree 5" Degree
Cate Hotspot Hotspot
gory |Yernaw| Taebaek| Sndeng | Gaodrerg | Hepden | Sangju | Grdem
-gun | -Si | -gun | —gun | -gun | ~-Si ~Si
Avg. | 334 | 198 | 310 | 248 | 32 | 273 | 204
5" Degree
Cate Hotspot Coldspot
gory |Yecheon| Uiseong |Goheung| Gimje | Gimpo |Gangnam
-gun -gun -gun =i =i -qu
Avg. 31.2 36.6 36.9 279 1.1 10.9
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Fig. 26. Comparison of elderly injury ratio between elderly
injury hotspot and degree
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Table 6. Elderly injury ratio comparison of elderly injury

hotspot regions

1 Degree 5" Degree
Cate Hotspot Hotspot
gory | Yeorpao| Taebaek| Surrerg | Georerg | Hepdeon | Sangju | G
-gun | -Si | —gun | -gun | -gun | -Si =i
Avg. | 0255 | 0.101 | 0271 | 0.264 | 0.248 | 0.237 | 0.189
5" Degree
Cate Hotspot Coldspot
gory |Yecheon| Uiseong |Goheung| Gimje | Gimpo |Gangnam
—-gun -gun —-gun -si -si -qu
Avg. | 0113 | 0297 | 0315 | 0258 | 0.068 | 0.09
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Fig. 27. Comparison of traffic culture index between
elderly injury hotspot and degree
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Table 7. Traffic culture index comparison of elderly injury
hotspot regions

1 Degree 5" Degree
Cate Hotspot Hotspot
gory | Yargay | Taebeek| Surceng| Georerg | Haoden | Sangju | Grden
-gun | -si -gun | —gun | —gun | -si -Si
Avg. | 7867 | 7815 | 7217 | 7503 | 71.89 | 7448 | 79.04
5" Degree
Cate Hotspot Coldspot
gory |Yecheon| Uiseong |Goheung| Gimje | Gimpo |Gangnam
-gun -gun -gun -Si -Si -qu
Avg. | 7449 | 7389 | 7454 | 7284 | 80.01 81.76
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Table 8. Overall summary of analysis
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Category Context
Death rate Showed difference, but alteration aspect varied
Elderly —— . ,
deaths Elderly rate Distinguishable high rate in hot spots
Culture index Comparatively higher in hot spots in later years
Elderl Injury rate Distinguishable higher rate in hot spots
o y Elderly rate Marked higher elderly ratio in hot spots
injuries . ; - —
Culture index Higher in cold spots overall, similar in later years
- Difference in death/injury rate, elderly rate, traffic culture index depending on hot-cold spots rather than
Condlusion road traffic environment degree
- Regardless of road traffic degree, traffic culture index and elderly ratio showed definite difference between
hot and cold spot regions
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