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ABSTRACT

Due to the spread of COVID-19, the use of public transportation such as urban railroads has changed significantly since the beginning
of 2020. Therefore, in this study, daily time series data for each urban railway station were collected for three years before COVID-19
and after the spread of COVID-19, and the similarity of time series analysis was evaluated through DTW (Dynamic Time Warping)
distance method to derive regression centers for each cluster, and the effect of various external events such as COVID-19 on changes
in the number of users was diagnosed as a time series impact detection function. In addition, the characteristics of use by cluster of urban
railway stations were analyzed, and the change in passenger volume due to external shocks was identified. The purpose was to review
measures for the maintenance and recovery of usage in the event of re-proliferation of COVID-19.
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Fig. 1. Time Series Intervention Outliers Type

Table 1. Data Collection

Data name Statistical Period Source of data
Statistics on the number of passengers using 2019.1.1.~2021.12.31. . .
. Busan Transportation Corporation
Cluster Analysis Busan Metro by station by day [1,096 days]
Statistics on Land Use in Busan (GIS) 2021 Statistical Data Korea Big Data Homepage
. . Statistics on the number of new confirmed 2019.1.1.~2021.12.31. Korea Centers for Disease Control
Outlier Analysis .
cases per day of COVID-19 [1,096 days] and Prevention

Table 2. Station Influence Area Belonging to Time Series Cluster Analysis

Cluster specimen Station n

Dadaepo Beach, Jagalchi Market, Nampo, Busan Station, Haeundae, Centum City, Sasang, Nopo, Seomyeon,

1 1
Cluster Gupo, Sports Park

Dadaepo Port, Sickle, Beomil, Bujeon, Dongnae, Myeongryun, Hot Spring, Hadan, Dangri, Goejeong, Daeti,
Cluster 2 Yeonsan, Pusan National University, Jangjeon, Dusil, Namsan, Beomeosa, Motgol, Munhyeon, Buam, Gaya, 26
Deokcheon, Hwamyeong, Sajik Stadium, and Banyeo

Cluster 3 Naengjeong, Gwangan, Hopo, Jeungsan, Gochon, Witbansong, Mandeok, Dongui Uni 8

Sinjangrim, Jangrim, Dongmae, Sinpyeong, Saha, Seo Daeshin, Dongdaeshin, Saturn, Jungang, Choryang,
Busanjin, Jwacheon, Beomnaegol, Yangjeong, City Hall, Daegyo, Guseo, Jangsan, Jungdong, Dongbacek,
BEXCO, Minrak, Geumryonsan, Namcheon, Bukyeongdae, Busan Bank, Jeonpo, Gaegeum,Jurye, Gamjeon,

Cluster 4 . . . 60
ustet Deokpo, Modeok, Mora, Gunam, Gumyeong, Sujeong, Yuli, Dongwon, Geumgok Mangmi, Baesan,
Mulmangol, Geoje, Sajik, Minam, Namsanjeong, Sookdeung, Gangseo-gu Office, Daejeo, Suan, Nakmin,
Chungryeolsa, Myeongjang, Geumsa, Seokdae, Anpyeong
2) oA, 2017, AN oA VA TS BEH ARA Fa BAAE 5759 oA B AT

3) Javier Lopez-de-Lacalle, 2016, tsouthers R Package for Detection of Outliers in Time Series
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Fig. 2. Results of Annual Time Series Cluster Analysis by Cluster

Table 3. The Characteristics of the Cluster in the Variation of the Number of Users

Cluster Average number of passengers Maximum number of passengers Average reduction rate
Year ! One day \ZZ}e]k Zizk Holiday VZZ;k szzk Holiday | Weekday szzk Holiday
2019 18,342 18,081 17,626 16,516 31,306 34,977 24,829 (As 0f2019) 100 %
1 2020 11 11,949 6,407 17,220 7,662 40,978 31,955 31,062 - 65 -2 -53.6
2021 13,639 14,813 16,872 10,851 55,001 51,937 55,200 -18.1 4.2 -343
ANOVA 2704 491.73 308.12 366.14 972.71 879.42 1309.7
FValue sk sk ek sk skesksk sk sk
2019 13,607 13,975 11,310 9,757 23,276 19,763 22,659 (As 0f2019) 100 %
2 2020 | 26 7,476 11,417 8,287 3,730 38,596 29,603 10,920 -183 -26.7 -61.8
2021 7,654 7,652 4,489 5,095 20,407 15,067 19,706 452 -60.3 -47.8
ANOVA 2849.15 2596.98 | 2790.64 | 2580.31 798.45 605.68 498.57
F Value sk skesksk sesksk sk skeskesk sk sksksk
2019 5,942 5,845 4,572 5,168 21,513 21,239 19,344 (As 0f2019) 100 %
3 2020 8 10,543 10,264 11,734 6,727 25,675 26,077 12,089 77 61.8 323
2021 4,193 4,073 4,285 1,915 4,733 3,448 3,983 -30.1 -6.2 -8.4
ANOVA 2678.11 2603.33 | 3445.83 | 2004.65 905.21 972.96 62743
FValue skeksk skksk seskesk sk skeskesk skeksk skksk
2019 6,879 7,112 4,846 4,751 33,561 24,914 13,026 (As 0f2019) 100 %
4 2020 | 60 4,742 4,265 2,365 2,191 18,577 15,507 7,220 -40.1 -51.2 -53.8
2021 4,945 5,663 3,121 2,787 28,684 19,862 19,460 -20.3 -35.6 -58.6
ANOVA 963.11 1162.34 1038.29 1093.73 924.01 3848.4 899.91
FValue skeksk ek sesksk skeksk seskesk sk skksk

ANOVA F value Signif. codes: 0 “**** 0.001 “**’ 0.01 “*> 0.05 > 0.1 ** 1

366 KSCE Journal of Civil and Environmental Engineering Research



vF] A3 Ml TFo = Witk GA i Aol tisirie
ad ] FYEH AT HE FARE)A between SS
/ total SS 94.6%E AT}

Table 2 W& &¢ ¥ A2&9 IAHo|L Fig. 2
Ty 39 FIA Ak

Table 3-& AAIES] zF A)-olE gk dlofe] Az)gh o]tk
THER A 37 it o8 ot Ao o8 o) et

Z75oA 7=, AF 7Rk Aol & Lk Table 4=

7}

rir

=
T E‘:—h

N
an
m&
[

A thaars ofzdel e 11714] #E A2t
SRR G T AR ds7E] g
A

Fs 7o Avke v 9%

il
£3
b
i
e
b
-
A
o
ofy

O:

=
o
g
i
offt
9
S
M
)
i
il
%
i
fz
350

Table 5% 7t 4] e wAjo)8 @Rl 49w 971
A58 e Sl 2 18 49) $A(67.61%), H 2%
CHEFENA156%)7 4] 82129.59%)0] PEHo] e, 74

Table 4. Variables according to Public Transportation Conditions by Cluster

Variables for Bus Operations Variables for Urban rail Operations Density variable
Trunk Branch Express Busstop | Exit Trgnsfer T'ransfer School | Population |Commercial| Road
bus bus bus time distance
Cluster 1 14.61 2.62 222 23.44 7.82 147.84 122.03 1.91 11920 342 87.4
Cluster 2 10.32 2.54 1.68 2321 6.83 144.65 151.61 2.43 17112 148 52.7
Cluster 3 6.57 3.71 0.29 16.43 4.71 114.66 84.66 0.86 5892 16 482
Cluster 4 9.48 1.67 1.21 22.12 6.39 139.09 112.57 2.33 9497 85 379
Table 5. Results of Land Use Characteristics in the Station Area by Cluster
Commercial area (%) Residential area (%) Park Industrial Road
. . High Low . area area area
All Commercial | Business All density density Life | Culture (%) (%) (%)
Cluster 1 67.61 60.41 7.21 22.07 10.05 11.64 0.29 | 0.09 1.31 0.53 8.48
Cluster 2 29.59 26.36 3.23 59.28 16.83 41.56 0.58 | 031 1.62 0.88 8.63
Cluster 3 1.46 1.29 0.17 40.81 18.93 18.85 1.21 1.82 48.04 0.36 9.33
Cluster 4 14.71 14.62 0.09 53.75 21.71 26.31 328 | 245 15.54 8.32 7.68
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Fig. 3. Distribution of Cluster Space Locations: (a) Cluster 1, (b) Cluster 2, (c) Cluster 3, (d) Cluster 4

Vol.43 No.3 June 2023

Subway Line 2
Subway Line 1

367



COVID-19 A% EAHE 53909 AAd S B3 A 248 gt 12
38 =74 FTH48.04%) 3 FEN40.81%)0] BA FEeAW,  F 1,238 AR o] By o R Az e e
T 4 FUBIRH FEFUQLTI%O PFE 2o o] =4 T30 Alole] Tae] Fio] He oo phpiow
£ Bk o 4 9lrk
Fig. 32 ¢m= A B¢ 33H 9% 225 vepdk oI} o] 7+ R 5AdE o8t 2 1 A/ AT
R 12 R Aol fRfelaL ] 2= TR akeARiel AN, TF 28 ALE FAYE A, TF] 38 o=
X, 2 3o A o) NFTAe) REsI, T 45 b AN, T 42 ARAFYTAIT IR0 R
Qriginal and adjusted series Original and adjusted series
§ E . Y 4ihs § 0 e
© Oﬁﬁ effects e > PDutlef effects C <
Fory f = =
T T T T T 2 T T T T T =
2020 20205 2021 20215 2022 2020 20205 2021 20215 w02
OrWMWWmWWWWW Original and adjusted series
= O“Tﬁ effects E ° s 7Oﬁﬂ effects c =
T T T T — 5 ‘ | | ‘ | =
2020 20205 2021 20215 2022 2020 20205 2021 20215 2022 '
Fig. 4. Types and Perspectives of External Shocks by Cluster
Table 6. Types and Perspectives of External Shocks by Cluster
Time Type Characteristic Period Coefficients Tstat Remark
1 | 20.01.24 TC Gradual convergence 17days -7726 -6.148% | the first confirmed case of COVID-19
2 | 20.02.24 LS Sharp change 1 year -8346 -9.102% Crisis alert is the best 'serious’
3| 20.09.30 TC Gradual convergence 11days -5331 -4303% | The first day of the Chuseok holiday
Cl“fter 4| 210102 | AO Single change 1day 5844 4.434% | first day of the New Year's holiday
51 21.02.12 TC Gradual convergence 3days -7256 -5.846% | The first day of the Lunar New Year
6 | 21.09.30 TC Gradual convergence Sdays -6477 -5.204% | The first day of the Chuseok holiday
log likelihood= -6385.64 AICc=12795.71
1| 20.01.24 TC Gradual convergence 12days -7275 -7.426% | the first confirmed case of COVID-19
Cluster | 2 | 20.01.27 AO Single change lday -3424 -6.231% | The first day of the Lunar New Year
2 3| 20.02.24 LS Sharp change 1 year -2777 -5.213% Crisis alert is the best 'serious’
log likelihood= -6026.34 AICc=12143.24
1| 20.01.24 TC Gradual convergence 24days -2679 -4.227% | the first confirmed case of COVID-19
Cluster 2 | 20.01.27 AO Single change lday -3704 -5.664% | The first day of the Lunar New Year
3 3200224 | LS Sharp change m‘l)r;::ra” 2606 7.223% Crisis alert is the best 'serious’
log likelihood= -6006.29 AICc=12034.95
1 | 20.01.24 TC Gradual convergence 16days -5453 -6.238% | the first confirmed case of COVID-19
Cluster
4 2 | 20.02.24 LS Sharp change 1 year -2873 -5.955% Crisis alert is the best 'serious’
log likelihood=-6146.13 AICc=12308.26
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