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ABSTRACT

With the spread of COVID-19 and the government policy of social distancing, the demand for
subways and buses is decreasing, whereas the demand for public bicycles and personal transportation
is increasing. Hence, research is needed to understand the characteristics of this phenomenon and to
prove the statistical reliability of the correlation between the subway and shared bicycle demands.
In this study, the correlation between the number of confirmed COVID-19 cases and the replacement
rate of subway and public bicycle demands was examined, but the statistical significance was not
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significant. However, during the period of September to December 2020, in which the number of
confirmed COVID-19 cases in Seoul started to increase rapidly, there was a correlation between the
number of confirmed COVID-19 cases and the replacement ratio. If the number of confirmed
COVID-19 cases increases by more than a certain number, public bicycles are expected to play a
significant role as alternates to the subways. It is expected that the role of public bicycles will
increase, and that it is possible to suggest the direction of transportation operation and policy
establishment for the continuation of COVID-19 countermeasures in field demonstration after
elementary technology development. It is also expected that this study will suggest a direction for
future development and policymaking.

Key words : COVID-19, Bike sharing, Public bicycle, Subway, Correlation coefficient
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69.5% 57kt 202 UEpyith o] e A AE A
71\11T7l7} ﬂ%; WEFHE Asshe b 78 AYES AT SHFte] P4 A ol &S
AA e W FHAAAY B nErts Z8staAt Frh(Weinert et al. 2007, Wang, 2014; Simha,
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Axstd o, FeRT Fod O A At A0 BASAT B AR 2 32% 14, B3R =
2 07% dag Aol vg) EAR E2E 4.6%% U A Z4stdth 7& 9 AE U E2uFHH dF
WE 500 ] EA3 Gao et al.2020) ATNAE F TA BF TENEH U )E0E B o] XA
Al At om, S EAA o Eod AHES HE wE ol 254 IEIAT ol tFusol vl
AL AEFHS o A5 & 5 JATh

fE1E FeHslE 243 MOLITRR)E ZEUH9 o|F wE7lE Hldoly EA443 Fu%E o] &
ol 27% At o, 12k i3y, AHSlA AgF7] Ald 59 Aol g A dFus 87 A
Al ZAERADTE A3 FEEE e 38T Park(2020)02 W E7IEASE o83t At FoE
AREA L, FREAS F8a a7HA 9] EASE XshE Y FESIATE dEa AFSA AT A
W ANIS] FajElo] ofgA MIHEAE AFHOoE BASAT 35 O0E At o] &AL HAast
R, T FZ HlE| oJ7F £ Edo] Fdk Hof o] 84 7avt o] FEHAL E3 diFolA dE &
A7 297 HASHA ARSI A Al Y] EstEe Ade] A, ARtel AdE 5 I F0] A8
2351t Zhang et al 2021)2 WEIIEARS &5t AR ©)F T HTalE ols add, dF
d, 59 HHEE PRt AP o, Z4AE Aols UUAT BE e o] 8L AR AT

F21H9 o]F AH AFr] dFoR 3 dFuF Famstd # AT} tEY FHusFHE
F O3S Fobats A7 AYEI U Cho et al. (202005 A4 Yo 2 W tFu % o] & a7}
Aastd oy wgol, st 59 FRuE ol&Fave 7Ad Ado] glvka AASHATE Teixeira and
Lopes2020)= &4 W] Ashd & FHAAAL o] &2 WstE ofston, s|ARAS T3l & Alol
o} FARAE ASEATE COVID-19 ©F 78] A3Hd o] -85} F7F2317 BSS(Bike Share Systems) ©]
S BT Ao At vls) FHAAAL Hage] ¥ won, A®9 FFo] Br}h e Ao
2 O F o AnFTTE 7}%@,% A3 Tt

A7 AYE =29 ofF tFLE o470 FPWE L LESFL WSl B HYATE v
AR R W, BERE o|SE Fo £AE Bl AR Aol tet ARES] wES o

&5 AA7E BAHASE HelzTh e} AYATE 13719 W7 AR ARE BHT Asfoln

Bk GEG FA stotol Bashel, $AH Aol e FAMo] EAV Teln DO I3 FH
AR Askdel tiASTel AsakAol o ALl FdTE AR Ageld

WebA B ATolAE 717 AAD ABE BEI] ZEihosh Askd B FRARA FAF A

; 1282 B 22Ut A3k ds) FHADA Famstl

BAS, FRARAT AR DAFEORA GFo] FeBA 1 AR FATh

of

<Table 1> Comparison of Studies on Changes in Traffic Demand before and during COVID-19

Studies Duration Spatial Extent Demand Changes

New York - Subway ridership in New York : -91%
Gao et al.(2020) February-April 2020 - Traffic volume in New York : -68%

1
and Seattle - Traffic volume in Seattle : -79%
- Traffic volume : -3.3%
. January - May 2019 * Local road : -3.2%
Lim(2020) Janvary - May 2020 Korea * Tourism road : -0.7%

* Urban road : -4.6%

16 2ARMSYR=ET 20, Me6=2(2021H 12&)
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Studies Duration Spatial Extent Demand Changes
- Subway ridership : -40.6%
Park(2020) January - March 2020 Seoul * Stations of work purpose ridership : -36.2%
* Stations of leisure purpose ridership : -51.6%
Teixeira and 2nd week - 5th week New York - Bike sharing ridership : -71%
Lopes(2020) March 2020 - Subway ridership : -90%

- Traffic volume : 35.1%
- Subway ridership : -35.1%

September 5, 2019 - Seoul and Sejong |- Bus ridership : -27.5%

Cho et al.(2020)

May 18, 2020 - Car sharing drivers : 23.3%
- Bike sharing ridership : 29.5%
January 2019 - - Public transportation ridership : -27%
MOLIT(021) December 2020 Korea - Public transportation ridership(weekend) : -36.1%
- Subway ridership
Zhang et al.2021) | January - March 2020 Hong Kong " Weekday : -43% - Adult : -42%

* Saturday : -49% * Children : -86%
* Sunday : -59% * Senior : -48%

I AE 7% 2 59 54 24
1. XE2 75 ¥ 7|=8H 24

AR &8d ASE AEA 1884 At o] &4t FHANA o] 8AG I8 Z=21H9
A Amolth £ tiTus F80 FFE VA AL AdHE 250 % ArdHmm) ARE
3} tH(Shin and Choi, 2014). &4713F2 Z2119 S1A7F 48 EATE 20201 3~12€ FAOE
201995 FY7Izte 2 At B4 RS FHsy] A8 BAAEE TU7I U 9d &)
2 FEIYTE 53] 202010l 0] TFH o] o] F 7kely] el Az W) Y 8UZ AL

FHE W) 7| 25A A= <Table 2>9F 2th 1Y H o] &A= 20199 A5} 0] 4,895,310,
THAAAT} 59,336 0.2 A2/ A=A oz FakEy] AR 2020 A5HE 3,380,882, F--AA A
72,381 0.2 2B E Ak 20191 Tl 2020 A|SHE o] §AFE 31% AT HHH FHARA ol g, E
2% 71 Aoz BT 22U A= A 71F A 1,240, HA 2o, A& 7]EL F
o) 5887, H4 09O E JEhyith

N

¢

<Table 2> Descriptive statistics of the Variable before and during COVID-19

Variable Duration Mean S.td'. Maximum | Minimum
Deviation

2019. 3. 4. ~ 2019. 12. 31. | 4,895,310 991,983 6,040,357 1,961,811
2020. 3. 2. ~ 2020. 12. 29. 3,380,882 1,002,804 4,628,523 1,023,109

Subway ridership

) o 2019. 3. 4. ~ 2019. 12. 31 59,336 24,121 95,859 9,680
Bike sharing ridership
2020. 3. 2. ~ 2020. 12. 29. 72,381 28,080 118,921 3,144
COVID-19 Seoul 2020. 3. 2. ~ 2020. 12. 29. 63 104 588 0
confirmed cases Korea 2020. 3. 2. ~ 2020. 12. 29. 189 263 1,240 2
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Variable Duration Mean Dexszitiion Maximum | Minimum
Daily average temperature(C), DAT | 2020. 3. 2. ~ 2020. 12. 29. 16.2 89 31.6 -19
Daily precipitation(mm), DP 2020. 3. 2. ~ 2020. 12. 29. 5.0 15.7 103.1 0
Subway ridership change 2019. 3. 4. ~ 2020. 12. 31. | -1,514,428 1,588,725 1,788,608 | -4,818,609

?

Bike sharing ridership change 2019. 3. 4. ~ 2020. 12. 31. 13,045 27,208 88,885 -78,766

source : Korea Meteorological Administration, https://data.kma.go.kr
Seoul Open Data Portal, http://data.seoul.go.kr
Statics Korea, https://kosis.kr
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2 EQU0] 415%2 714d Ao FZ ENFHT HAQl d2U~F UL 26~28% T= Ao, %3
Ao A9 302%= 7Aastth. Tl Ak o] 8 G ol 28, #lA, X5 5 41853 (discretionary
trip)= AAG7] WU ALE ASETE ¥ HYL SH, 55 22 453 (compulsory trip) W&
oﬂ Fko] nls] Ao 7ha Zo| 2o Ao g k)
FAAA o] &R ztolE= 201993 20208 2 YEE HwWA] YaYo] 267%F M A FTFIARL

tq, ERY2 230%%2 S7HIAT Y2 14-29% TEO2 S71R Z o2 BAFHIG. FRAdA oAt
= FHY A5 AT UM AR Y, JujHom T uin] Fd o]lgAte] Tt Fo] Aeom
A= LPE} o}

<Table 3> Differences in Weekly Ridership before and during Covid-19

Subway Bike Sharing
Category Ridership 19 Ridership 20 Change Ridership 19 | Ridership 20 Change

(Ridership) | (%) (Ridership) (%)
Mon 5,292,129 3,873,071 -1,419,058 | -26.8 61,154 69,896 8,743 14.3
Tue 5,474,987 3,927,516 -1,547,471 | 283 63,659 75,135 11,476 18.0
Wed 5,382,334 3,914,598 -1,468,236 | -27.3 59,558 71,294 11,736 19.7
Thu 5,294,852 3,884,409 -1,410,443 | -26.6 58,691 75,776 17,085 29.1
Fri 5,616,792 3,922,984 -1,693,808 | -30.2 62,041 77,398 15,357 24.8
Sat 4,253,802 2,487,533 -1,766,269 | -41.5 59,403 73,078 13,675 23.0
Sun 3,024,320 1,693,769 -1,330,551 | -44.0 53,249 67,472 14,223 26.7

18  ARMSYR=ET 207, TH6=2(2021H 128)



ZLHICOVID-19)2 2lst X|5tHnt SFANMH ST Hsto| AmM o
6000000 1200001 '
[ r e o n !
- L
5000000 1 “ gl 1 ‘H‘ w ‘m ‘ 100000 * Qv o
| ., il = =l
80000 i -qlhs-'”, LT TRty
4000000 BT e 1l s
3 2 s000 " l ll'll"' | z' A
| i 2] 4 fh 5 . [ ™
= F" = % | o 1} ] IIJ'I| !I‘ | :
30000004 Hm':‘ T |!I ""J Y ]‘ .:h" | |,|” . 'lI | TARBEIR 1:. !f'-' .
' 0 ] |
I} ‘Jﬂ p ;amn g, i ||1l AL aocoo 1 ¢RI 1E LT ) ] ) Y
|ul lilll “| X i lli ||| -[.l| I i | | | iy
20000001 m l'ml L b 114'}* il +| H 1 p ! i A
“1. il g 20000 - I i
Li il ] { I i
10000001 T . F
1 S0 60 90 120 150 180 210 240 270 300 1 30 E0 90 120 150 180 210 240 270 300
day day
[ —+—19 subway ridership — m- 20 subway ridership | [ —e—19 bike sharing ridership — B-20 bike sharing ridership
Diff. (20~19) subway ridership Diff. (20-19) bike sharing ridership
2400000 | day of the week day of the week
_ Fri. _ Fri.
- Man, —-—- Mon.
1200000 Sat, Sat
—_ Sun, a —_-- Sun,
2 i Thu, G This
@ —_ Tue. 3 E— Tue.
ﬁ -1200000 i Wed. g - Wed,
£
) 5
£ -2400000 =
F ; 2
-3600000 3
- 4500000
Density Density

<Fig. 1> Differences in Weekly Subway Ridership(19 vs 20)

ARIMA (Autoregressive integrated moving average)
32 FJEE ARS AVABAHE AAYE ®
MARE L o

=

Au ARE 2t

SRt pe

AE

#7137

=k KR

a8

oj&ste] M S dSse =
T AT BEe 2] S8 2

T2 akr, de AR 34, qv

<Fig. 2> Differences in Weekly Bike Sharing Ridership(19 vs 20)
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<Fig. 3> Time Series Characteristic of Subway Ridership(20-19)
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<Fig. 4> Time Series Characteristic of Bike Sharing Ridership(20-19)
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o) MNAES] TS Wk ARpPE LEdloF & Ao ATHET T 12ARA HApH s 2
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<Table 4> Subway Model Statistics

) 2 Ljung-Box Q
Stationary R — - MAPE
Statistics DF Sig.
0.815 7.710 13 0.862 9.250
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<Table 5> Bike Sharing Model Statistics

. Ljung-Box Q

Stat R? MAPE
oy Statistics DF Sig.
0.779 11.925 16 0.749 16323

20191d 9} 202010 A|EHE o] &8 Afo] ¥, A-FE = 0312 (=AR(1)) AVdHE Ko, ex15e] H
T IAAEAMA(D) F30997) = B Ao ® Uetgth AALE 9F 9 S8drd 250 2 4@
(mm) A3Hd o] A4 st JIFE © Ao E BAF o= At A5 %
Ao x4 wesHor 7ded 5 Fade i sams FFe] A WEd A
WA M 29 XA FTHRY, FAIARDE At o] Ak
T8 z2o)E A e 9FS FE AR UBETh 72, d8EE 55 Sl XMH% s
W19 FXAke7E Aok o0 tig 44 I = =;

5

Hl=

&=
FAEAL Ay = 0296 AR() , 938l AF 24

> 2191 MA1(1.449), MA2(0.936)2.2 B F At}
HeA 2EHY SRASY F7he FHAUA 018528 F/A7T, FY FEFmm) S FHARA ol
|5 AN e YEFBRAE BAEHATE A7), AEA COVID-19 &X1Ar9] F717) AsHA ] ¢ o] &
FOE FANIE GFE MIAE 2} WU FRADAE FAE ZME 9FOE et =)
19 wZo o]&A= AFFHEe] £ EAAERT QY wErds Asdta ARHEY 2509 4
T FHAEA ol&Fa Wl FofstA] ¥ AR EHEHIOH, FHAMA ol& SN T TF
o] B7] Wl AA YFS FA FKshe A= FMEnh
<Table 6> Subway Model Parameters
Variable Parameter Coef. Std. Error t Sig.
Constant -5798.137 2472.561 -2.345 0.020
Differences ridership AR | Lag1 0.312 0.060 5.165 0.000
MA | Lag 1 0.997 0.086 11.548 0.000
DAT Lag 0 -59.528 648.860 -.092 0.927
DP Lag 0 -764.514 571.157 -1.339 0.182
Seoul_COVID19_Infected Persons Lag 0 -2,039.972 913.051 -2.234 0.026
Metropolitan Area_COVID19_Infected Persons Lag O -900.429 516.529 -1.743 0.082
Korea_COVID19_Infected Persons Lag O -79.192 119.617 -0.662 0.508
note : Differencing=1
<Table 7> Bike Sharing Model Parameters
S Parameter Coef. Std. Error t Sig.
Constant -1071.763 436.235 -2.457 0.015
Differences ridership AR Lag 1 0.296 0.058 5.102 0.000
MA Lag 1 1.449 0.269 5.391 0.000
Lag 2 0.936 0.045 20.830 0.000
DAT Lag 0 40.354 25.454 1.585 0.114
DP Lag 0 -53.009 24.935 -2.126 0.034
Seoul_COVID19_Infected Persons Lag 0 29.529 14.421 2.048 0.041
Metropolitan Area_COVID19_Infected Persons Lag 0 8.354 19.027 439 0.661

note : Differencing=1

22 QPIRTSYI =2 203, M62(20214 129)
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A8k B FFARA B BT AAATERGeE A2 T3 Yl e ZoE Yeh WARgo R
=PAolgt AGT 5 Aok A71FBATT] Lijung-Box A pakel 95% AFFEolA F-23hA] gkom,
Zkxke] A5tAdell tgk Kolmogorov-Smimova 4 EAFFC] Xehdy FHAHA B8 BF FoFE 5% 2
o A AfAEe BETGY & vk =3 #AS5HT F4E Aol FAANAEZRACHE A EA 2kt
Aol 1 2A A HE ZAoE AeHEnh

O i
: N = = T — E w| Oaocg—==—ag So= ‘H =0 -
11343473 f;1'nw'11;::31‘»1‘51‘51‘71‘515252‘1z'zz'az'o 1234567% 8mﬁ1;:1“5161715182021222320
<Fig. 5> RACF of Subway Model <Fig. 6> RACF of Bike Sharing Model
<Table 8> Normality Test of Residual(K-S test)
Subway Bike sharing
Kolmogorov -Smirnova df Sig. Kolmogorov -Smirnova df Sig.
0.08 302 0.906 0.19 302 0.363
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<Table 9> Correlation of Scale Ratio of Covid-19 Confirmed Cases to Changes in Ridership

. COVID-19 Confirmed Cases in Seoul COVID-19 Confirmed Cases in Metropolitan
Duration : :
Coef. Sig. Coef. Sig.
March ~ August -0.074 0.367 -0.077 0.348
September ~ December 0.164* 0.082 0.108 0.252

#p<0.1, **p<0.03
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<Fig. 7> Ratio of Covid-19 Confirmed Cases in Seoul to Changes in Ridership
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