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Abstract

Since early 2020, the freedom of movement has been restricted due to the COVID-19
pandemic, which spreads through droplets. High population density, increase in the elderly
population, and improved transportation system are underlying factors aggravating the damage
of COVID-19, resulting in the significant reduction of public transportation demand, high
dependence on passenger cars and the propagation of Personal Mobility device (PM). PM is a
individual form of transportation mode that can play an important role in preventing the spread
of COVID-19, but research efforts on this topic are insufficient. This study investigated the
impact of COVID-19 on public transportation demand with transportation card data and
identified important factors affecting the willingness to use PM as an alternative transportation
mode with survey data collected from public transportation users in Busan Metropolitan City.
As aresult, the average daily number of public transportation trips and passengers decreased by
24.7% and 23.3%, respectively, compared to before the outbreak of COVID-19. Factors
affecting the willingness to use PM were found to be sex, age, PM use experience, and the
average slope by basic local government. The results of this study are expected to serve as a
research opportunity to revitalize the transition of transportation modes attributable to perso-
nalization and diversification of transportation modes in the post-COVID-19 pandemic Era.

Keywords: big data analysis, binary logistic regression, COVID-19, personal mobility device,
public transit

22

20209 Z=HE H[T® Atk Z2U-199] glFaio = Qlsf o] 52] A7t AlRhA| &
o, =2 AU, 11T F7t NAE nEAAE ZEU-192] wofje} ghtkS 7HE
3= @910 2 285t Z2-199] dto 7 tiFuE o 071 F45ka -8t gigt
ol&it 7§91y o5 4=TH(Personal Mobility device, PM) 2] HFo] =]t PM2 H|+4
oJHA 7HAAQI FE| Q] o]F O R IR 199} 2 Mrf| 9l o] Skt v of] F 33 AT-S

846

Journal of Korean Society of Transportation Vol.41 No.7 December 2023



KIM, Minjeong + KIM, Hoe Kyoung Article

ShA] T4 otk £ AT FAEA WEAE Hlo]H S B te]
I o

TIT ol 8AEE WLz FHEZRAE T W

J

Q
ettt et & ape) 754 BAE T A BEue] s 1 et 51} 2
Aol Tt A7} FAFHE AZ7L 2 Ao s|oE,

ZR01: ¥ dlolg £4, o] ZA 2 SR, Z2U-19, | o%F ST, thFLE
ME

eiTol by U 23

A AFE G9I5H] 13 /1A Qi AT (KAL) AE WA o] wrch ARl A BAVE B3beh o
&l ol w2t J(17) = ol s 5HA] hale 7GRt =A AEO] A7 ol Aol 2020Lq Z27H AR &
et FE-199) gy e ALH S A7} A o5 RAR Uaf o152 A7} A W) Hlo] 12
EAES ekt

2T 440 @ B F2U-199) T2 420 AGHL Holk ML giglon, o] B4l 2} 2|
=2 mAISe] TetE Qo) SR bl o B Abgo] mof Atthi 3, A el okt 1l o] v-go] &
ofttt= A, 19l wEsHI wEHo| AR AR B EEHo]il o5 Hert S Siv= A 52
F2U-199] AZA 3} A8 =5 A0l golo 2 2Hastgith F21-19 7Hd o 2 olst AFio|Ll A A

o] AL QD0 ATzl 4B olEAel B9 JEAL ek Acky 2 4 Ak

22U-199] SAEO R WEAA TAT I EA BL A H AT} Mol H o §AES o S5
oF S HE A FTOEAN|A Z | LE 27 Ao 745 Aok, o]e} o] 718 ol A|AE 3
WAk 58740] 797 1 ofE o] F751900) MR AU olFo] Rt BE AT TN (B7)A
AR R7E]= 7)Y o] 4-H(Personal Mobility device, PM) E2<] gefjetarl & 4= QL

PM2 421 A48 Al Information and Communication Technology(ICT)%} Internet of Things(IoT) 7]&
§2 5T oS Y 54 o3 S0 A2 BFHUSE $U0% TUI S92 ALY
S0 BFED Y EATES 72 DESToR Aelojela ok PME TAA A0 SoEuA 27
A1) S5 A o158 4 S £o1A A4 o] o1 oz 22199 22 W) Aol
541 0] F0 AL T A0 ZfE ek Andara et al, 2021). ST, PV} et o § S4, AFas)
9 oy Zhe Ak 5o] 2 o] SEA|THKim et al., 2021a; Kim et al., 2021b; Choi and Jung, 2020),
A7 ZrU-199k0] WAd Z-2 tigh wEstogsm o] o S 22 As F25] B EA| ZoH

F2H-199] i3S 2 157Hs S AR SO 752 91-E mo|HA Z]2jztal & & Sl 22 A4
Aoy Z 2199k 22 MY 12| v A4 53 22 AFe] A Aol diu]str] f1s ZiQle]EHolut 350

g ol r&%
N

T

ol
+ Arstol o,

TS R VY] WEets AR 4 Sle M2 BEeTe] avfeh 29o] Hatt 4%
2 Aol ARG IA] WEILE HolEE 285t tiF 511501] et F214-199] FFS 1) ﬂO]E] Bye
wpetstiet. et FARE QA s als ol 8Atse i § F2L-199F g2 WY Ageto] B
o

o=z 9
1 PMe] gigt o8- JAE A& Z\_A}OM PM o] SJate]]
1432 &off Aldell ti-gots XEAA 5= A% A4S A SHAH.
e, 2 AtE ZAE Iz Al Ee o] Zi)leh 223 el S 22 01 ool dghol gt A7t

[2], H 418 A 7%, 2023 12¢ 847



Article Analysis of Transit Ridership and Factors Affecting Willingness to Use PM as an Alternate Mode Under Pandemic Situation

2. 42

2 Ao W2 Figure 1914 27 7 7Hx & 45 0] 9lom, A WA= F2u-197F Z4bstr] 291 20199
h Al 2| i-fego] U™ 20209 o) FARFAA] tiF g 7LE "o B E 35k A -TAE ol efHo] A T
2] A|ARI(Object-relational Database Management System, ORDBMS) 2] 51+Q1 PostgreSQL-E o|-85to] o
FIE TP 7, USLE R 52 AT F 2199 ito] tiFus a0 rA]= GRS AFH L

2 wjobstgik. WAL o] 2312 7|NHo 2 FAgeA thERE o § 45 tEEST ] thetozA PM

=3
=

ot

ol gl tiet Ao =g Aol ol 2AAE R4S Tl PM A2 ko] 932 nlAl= 88155 245Hr
ojef 2 A S Tl FRU-19 W9} 22 =7E-e3 3ol MEAR] g T rts fAl® 5 9l
ol ko] o]l et At & Al A,

--1-> Survey of public transit user

« QR
* Online
* 1:1 Interview

v

Binary Logistic Regression Model

Smart card data

Big data|analysis
(PostgreSQL)

Public transit demand
|
| COVID-19 outbreak |
' !

Before Vi After
(2019) V> (2020)
L

Comparison --------- -

v

Identification of affecting factors

4

Implication of PM adoption

Figure 1. The overall process of research

rok
g)
<
o
oo
)
1o
3L
Bu)
g
jg_lg |
3
o,
ol,
R
o
re
-
|
0
&

F2H-192 3t 5o Pefistel WS A= AR HetEAL k] AR32AYE, 283 7 R AR
G 2AE Foll P27 91 0™ (Konig and Dre Bler, 2021; Eisenmann et al., 2021; Raunak et al., 2020), 3-&
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(Pourfalatoun and Miller, 2022; Savage and Turcotte, 2020; Das et al., 2021). E3F, Google¥t Applex}t 22 W
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2020; Andara et al., 2021; Arimura et al., 2020; Shin et al., 2022; Jo and Yoon, 2020).
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Table 1. Summary of public transportation card data in Busan Metropolitan City

Category Contents
Data item Public transportation card data in Busan Metropolitan City
Data source Public Transportation Information Analysis System of Busan Metropolitan City,
http://bsctinfo.busanbus.or.kr/

Analysis period January 1, 2019 - December 31, 2020
Analysis method Big data analysis with PostgreSQL
Analysis purpose — Number of daily trips

— Number of daily trip makers

— Number of daily trips by modes

— Number of daily on/off-trips by modes
— Number of trips by time intervals, etc.
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Table 2. Survey summary

Analysis of Transit Ridership and Factors Affecting Willingness to Use PM as an Alternate Mode Under Pandemic Situation

Category

Contents

Sample

Location

Period

Method and sample size

Questions

Public transit users in Busan Metropolitan City
Bus stops in 16 districts of Busan Metropolitan City
March 22, 2021 - June 7, 2021

- QR at bus stops - 306 users
= Online survey - 234 users 1 591 users
- On-site survey - 51 users

Willingness to use PM (e.g., electric scooter, electric bicycle)

— Are you willing to use PM as an alternate traffic mode in the era of
COVID-19?

Figure 20|41 AEZ2AF Fofate] 544 Am R of4Jo] ST B3

HofSIAEE, 1o 0 ALR/7163, P, P, W

-

2L, 20, 30tH, 40th, 60t ol o=
tog 7t 71 @ekom, 4oi kel 62.0%C1

=
=)
~
o)
=
[>
N
e} |~.l>.
o
i
X

SHFoH 3595 58418 HAHT A §49LOP] B AE4FS 10024 WIS, 200-30024] WIS, 100-200%
91 m1g, 300-4008H9) B 4.0 2 Fhofsle] Y 254 005 41 Wgho] oF 919%% AA|stoiet. AEAA Folzt
2

9] EA o2 HE FAAA] tiFuF-2 o4
|

o
306, AFR/7| 27} 51, 58442 HASHA ghon] A5o] g
85H 7102 Upeieh, B8], AR2A ol EL tFLE o] §

Aeolnz JiE Aol tiet Feate] vleS FARFAA Y] AP E tiFaE o8 Bl vlug st A
B
[}

2 o dlole o] Rl =t AYE s

o]-& - &(MOLIT, 2021)¥} v w5t A3}, 20th 2] ojgo] H]

574 52 Ago] AT T AR AL 2 2ol 2 Holx) glo} B A0 AR 2A FoAEL A hEE

o452 vlIH I hEFHR T 5 ek,

350

300

250

200

150

100

50

Sex Age Job Car ownership Income
R “v b L HL Lo oS S@WSU “ O 22>
38 SESSSS  SE5LSFESE 82 55555SESESS
SE SESELSTE SSSSSSSSSSs
I A SSP35883 S o oSS SSSsSsSsss
¢ EoITS S8 SSSSSSSSSSS
390 TSS SVBFYFHONSFSS
SEESTE ISR
@
$ww_5§, < SYSFSENS S
~
& $6
Ll
~

Figure 2. General characteristics of survey participants
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Figure 3. Comparison of public transportation demand between before and during COVID-19 in Busan Metropolitan City
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Table 3. Comparison of daily transit-related characteristics between before and during COVID-19 in Busan Metropolitan City

Year 2019 Year 2020 Difference in daily
Category . Daily standard . Daily standard average
Delly e deviation Delly everage deviation (2019-2020)
Number of trips 3,676,855 718,083 2,770,181 751,429 906,674(24.7%)
Number of passengers 981,175 163,244 752,962 182,016 228,213(23.3%)
Number of trips Metro 1,775,857 321,233 1,279,706 361,629 496,151(27.9%)
Bus 1,599,511 312,975 1,268,593 325,572 330,918(20.7%)
Mini-bus 306,973 78,393 223,007 67,531 83,966(27.4%)
Descriptive Maximum 4,526,122 4,157,677 368,445(8.1%)
statistics Minimum 1,099,733 847,364 252,369(22.9%)
(Number of Coefficient of 19.5% 27.1%
trips) variation (CV)
2 A= Z2U-199] FAto] FARFAA] diF s oo vAE FFE AAIGA 247 HEo] AT A
20571 5 HE T B S ABsk T FARF Al 712 A S/ 2057) 5 E ZtEE BE AR
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Figure 4. Comparison of daily transit trips by basic local government (EupMyunDong) between before and during COVID-19 in
Busan Metropolitan City
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Table 4. Variables for the model
Category Variable Description
Dependent Willingness to use PM 1 = Yes, 0 = No
Independent Access time to public transit facilities Continuous
Weekly number of uses Continuous
Change of weekly number of uses Continuous
Daily number of uses Continuous
Change of daily number of uses Continuous
Number of transfer Continuous
Change of number of transfer Continuous
Trip purpose Commuting Categorical
Schooling
Gathering

Shopping or leisure
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Table 4. Variables for the model (continued)

Category Variable Description
Independent Reason for use Single mode Categorical
Mobility
Convenience

Affordability

Parking
Etc.
PM use experience Binary
Sex Categorical
Age Continuous
Job Office man Categorical
Student
Job status
Car ownership Categorical
Monthly income Continuous
Land use Continuous
Number of bus stops Continuous
Number of metro stations Continuous
Average slope by basic local government Continuous
F2u-199] Shitof whg ti¢h WEFTEoRA PM o]-§ SJAte] G2 vlAl= ‘?ﬂ 5 EE5}7] $15t] Table 5
o 2] ol 22128 3171 s E st B Y] AEME oL §oK1E 0.000(p0.05)0.2 14

St A0 2 vehdy, B34 AA(TPL test) ol A ZHo] Al (xH7ke] 59.410(p=0.000) 2. & F4 &0 AF-its
A= ngHt A2 02 Golgh Aoz yehget By o] Aga-S YehfE p?gh Tt 0.231(Nagelkerke) 2
AE SR A A A olels AiE Mol 0.2-0.40] XtE]o] B ma o] Ayeo] st E|Qjrtal 4= gict,

Table 5. Output of binary logistic regression model

TPL test Chi-squared 59.410
df 5
p 0.000
MF test -2LL 372.652
p 0.000
p? Cox & Snell 0.173
Nagelkerke 0.231
A= o341/ (multicollinearity) & Al AstaL A e S &-85to] F-o4F 10%14 F-2lmlet 2
& W4T g7 1S Table 637 2] EEO]—/V\—L, =y 20| 2228 2944 BE Exp(B) & HEHAIT] g2
A 1S T S7HIZIHE FojRlE S5 5] St Higol ™, oldf] Exp(B)E 5411 (Odds Ratio, OR) =
g 9J5tal Exp(B)+= S&5 ;2] 54t Eﬂﬁi o} 2 s 4 Sl
ol 2AAF AR RS Foll susreo] tieh wsrto=m PMof et o]-8 A S wof S |
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Table 6. Omnibus tests of model coefficients

Variable B S.E, Wals df Sig. Exp (B)
PM use experience 1.422 454 9.809 1 .002 4.147
Sex 452 .260 3.022 1 .082 1.571
Age -.045 .010 22.002 1 .000 956
Average slope by basic local government .078 .045 2.953 1 .086 1.081
Constant 2.198 728 9.103 1 .003 9.005
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