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COVID-19 2.2 AlAIE= 423k 917100 Ams) glom, 2} %OHHE A ks e
A713L AR TR E 28] Hlstel AHEA AEFr17t THed %% 47 23t
o #alo] wobA L glth. £ 97= COVID-19 Aol A Taabdr el 3543, dde]
5o B aRlSe] FEAA o] 8ol o FFE vIX=A ‘:'**6}1 °|& w4y
& A RolS W ES AMSh=E T8 G20 AT 7€ AAE EFo] 7L 9lE 9
sl vk el A2 iﬂ?‘s}ﬂ | 9151e] SARIMAX W &2 ANSIH & £4& St
o 9l COVID-19 T EF FFAAA FTHFF TTAAA ol g9k () WA
ol k= Zo] FAHOE o o}fﬂ UEbskTE 2022744 4uts Tl o] FEAAATE FHH
1, COVID-19¢] ¥ &o] @A FEO2 A&d A5, M2 FEARAT 20219 AzF oF
37029k o, 2024130l oF 4zl st the] o] g art BT 0% ST

Ao} . FFAHA, COVID-19, AW, A+ 24 = SARIMAX

ABSTRACT

This study analyzed how external variables, such as the supply policy of shared bicycles and the
spread of infectious diseases, affect the demand for shared bicycle use in the COVID-19 era. In
addition, this paper presents a methodology for more accurate predictions. The Seasonal
Auto-Regulatory Integrated Moving Average with Exogenous stressors methodology was applied to
capture the effects of exogenous variables on existing time series models. The exogenous variables
that affected the future demand for shared bicycles, such as COVID-19 and the supply of public
bicycles, were statistically significant. As a result, from the supply volume and COVID-19 outbreak
according to the scenario, it was estimated that approximately 46,000 shared bicycles would be
supplied by 2022, and the COVID-19 cases would continue to be at the current level. In addition,
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approximately 32 million and 45 million units per year will be needed in 2021 and 2024,
respectively.

Key words : Shared bicycle, COVID-19, Exogenous variables, Demand estimation, SARIMAX
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AW s 9 e BAE sk st Al F2 EAES FF 23 2 E]E(shared
personal mobility)E 24 3}et=tl =5t ot 53] FFAHAE #22d R EY fud SPFHo
2 dAe 58, dFEns AER] HTE Jlal FE ol 8HH, Ak, W2, A7HE] BekA] =& thAA)
H& % 513 YTh(Choi and Jung, 2020). FANE ASAS HEF TR T A So] ¥ A&k
T HEnF VENIE AAHOE FEstd AWEY F - A7 g ol548S Fstaa stk AW =
WA ZRE FuF ol& Fa7A BPArt AAY thFas Aux ¥
o] wj¢- A AAolt). old wet FFAAAL} ZE Ff Had By
ds AAT F e wF A2F vpdo] QT EE FAoth

A BA Y FRAA A ~E AFea SAl BhrEntd gl alE =2
A IO 2A FFAAA ‘wWFolE EYsATh 9 BAl Az oF 11431 o EFsIA FFAAA o
3 % 7hste] 20190l = 19,0713 102 YEFSETh(Seoul open data portal, 2020). ©]
S7tE f\l 152 &9 - #9] 583} kA P, 1FA Ml AFef g
v 9 PE&EI% 3l oS EEHA Y AT F
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1. SSATA #2045 AT

Z ol FUQAAM FHE FFARA F89= A= <Table 1> ZT}. Kaltenbrunner et al.(2010), Vogel et
al.(2011), O’Brien et al.(2014), Rudloff and Lackner(2014) 5°| 33t 27] @A A= ©]& do|gl 7|¥st
PR o7 A £ =3tk I T <Table 1> A3 HAZ AFAAE 153td 54 i3 o
A8 71 58 Agste] dofad, ARPE F HlAIEQl AETE T§9je] g So] o] FojAa 9t

Fourier et al.(2017)> &34 A o] A5¢] SR ofg Ryt ofe} o] §A-E9] A3 A-A EA T

of FEFE FA Wol FodSHA o] vl B BTt 53] BAWE i FFAHA o] &Fol
A& AT dF9 o & FESIA ARIF3HF(sinusoidal function)E ©]-8-3te] Hlo|E& BA3 tha ¥
Bitol &7 AR Fol§FE dS5she B S /RS Lim and Chung2019)= A3 WY E Holt
winters 27| & o] &3t FFAA H o] 88 E dF3te EF S MIsiant o] A7 F3AA
A ol 8587t A-BH EAS Koz 23e Folom, olgd B8-S Ad FF3AAAL] B 85
qZ3t7] YsiAE TS % Zﬂ"é(robustness) A AAE 20| BR3ithar A ST Cho et al.(2020)=
HHYEFE A AAEEA7IHE ol &ste] A F3AAAL] AAFS dSste B3-S Adstdet, A
I o] A E ] A FFLAEA o LE A, VG R, At o] &F T8 vt

>E_EF

—mzl-

<Table 1> Previous studies for the shared bicycle demand estimations

Author Purpose Results Methods

In most cities used as samples, the estimate of each monthly

Estimation of the monthly average daily|average daily bicycle counts results in a margin of error of less
Fournier |bicycle counts and average annual daily|than 30%.

et al.(2017)|  bicycle counts using sinusoidal |Developing a prediction model using the sine wave function of|

function the demand for public bicycles, which was difficult to predict

when the bicycle counts was low.

Seasonal Demand
Model Using Sine
Wave Function

Kim and | Estimation of Monthly Demand for
Jang Subway in Seoul Metropolitan Area
(2017) Using ARIMA Model

Forecasting the Demand for the Use of One Transportation (urban

railway) Network with the Change of Macro-Traffic Conditions SARIMA

Lim and |Development of a Model for Predicting
Chung |Demand for Public Bicycles Using Holt
(2019) Winters Method with Seasonality

Development of a Demand Prediction Model with Robustness| Holt-Winters
Reflecting the Seasonal Characteristics of Public Bicycles method

Development of a Model for Predicting| Data sets were composed of rental data, weather data, and subway Exponer.ltlal

Cho et .o . . smoothing,
a1,(2020) Demand of Public Bicycles in Seoul|usage data, and forecast errors were compared using ARIMA ARIMA
' Using Deep Leamning Models  |and LSTM-based deep learning techniques. LSTM

2. COVID-19%t n&E+ 3} i

COVID-19¢} w5 siel W3} 31o] AAE &S FUe] AFES <Table 2>7 ZT} COVID-198HF o] %
Hzusd Z2 U 9% dAE 24 A K (Wilbur et al., 2020; Tirachini and Cats,
2020; Zheng et al., 2020), COVID-19¢} F-3AAA o] &7 3+o| dAds £43 A= w-¢ vlr|dk 24 ot

12 DIZTSOR| =27 TI203, 1220214 29)
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Chai et al.(2020)%] ATolA = THEHH AALEA S ol-&3] COVID-197} BT o] & F= o] o] A

9 599 FEAAA o8 viwEdly, 1 A ASEEH ANEEE 9 ol &HY FFARA 8
7} oF 40% 7123 21 02 UFEFsT Teixeira and Lopes(2020)8] &7 w2 & Ao COVID-19 4 o] %
AsHd FQE= IA A v %%XWH Fot w3 HA 24 AL gy, ols B8 ¥F
AR 77} COVID-19 th-goll 320 wErto g &3 xad 22 AT 7sAS Adsigdnh
ool AgYAT A E & o, B} ﬂ AFola T&2A FFAAA &4 AFE £33 Yeide |
A TA AA Y o] &4 E dEdta, 53 a9 W oA A, toiaE FF9 ZHTHM a3t

Ao BHAT EF FARE AN ANHCR FEAUA olgsae) 4T
o soolZol Hedlol & BagE AvlH,

oo whe} B AT A HeA FTAUA ol84E AUH QATTAUA TH), AAAH 29
A 2 29, A8H 2COVID-19 34 52 Wgsle] djZa1, o8 B2 FEAAA FAL 53
S NAHA SHolA AAP TF FRE ANSTA B,

<Table 2> Previous studies for the impact of COVID-19 on transportation

Author Purpose Results Methods
Musselwhiteet al. | The Effect of COVID-19 on |The danger of COVID-19 propagation in public Correlation
(2020) Transportation and Health | transportation used by countless people is significant. analysis
Wilbur Effect of COVID-19 on Bus demand fell from 66.9 percent to 65.1 percent.
et al. Accessibility and Demand for | The difference in public-traffic demand for use between| Data description
(2020) Public Transportation high-income area and low-income area is significant.
Tirachini the Relationship between f: lsn?:ncztsjry tioadjisgafubizsismaolg fon }ill(ims’ 11111311:
et al. COVID-19 and Public . v . . usmg P . Data description
. transportation, and to implement public transportation
(2020) Transportation . .. .
hygiene and disinfection
Cho The Change of Traffic due to Due to the influence of COVID-19, road traffic has

COVID-19 and the Direction of

et al. Transportation Policy in Seoul for decreased slightly and public transportation users have | Data description

(2020) Post Corona decreased dramatically.
Teixeira Identification of connection When traffic volume has decreased overall due to
L COVID-19, the demand for subways has decreased very Regression
et al. between public bicycles and significantly, but the demand for public bicycles has analysis
(2020) subways due to COVID-19 | S&MHcanty, o P Y 4
decreased relatively small

Chai Compared to the demand for public bicycles on the same

ot al Analysis of Behavioral Patterns | day last year since the outbreak of COVID-19, the demand Co-location
(2020') of Public Bicycles by COVID-19 | for bicycles used in social and production activities has analysis

decreased by nearly 40 percent

Changes in the Use of Public and
Private Transportation by the
Spread of COVID-19

Ruizhi Zheng
et al(2020)

Public transportation has a high risk of spreading the

COVID-19 Data description

Due to the COVID-19, policies are in place to activate
bicycles as a substitute for public transportation in foreign
countries. Data description
Increased utilization of shared mobility during rush hour
during weekdays after COVID-19

Kim Changes in Transportation
et al.(2020) Policies since COVID-19

Vol.20 No.1(2021. 2) The Journal of The Korea Institute of Intelligent Transport Systems 13



(ARIMA: autoregressive 1ntegrated moving average)=
and Baik(2013)2 &4 n%s AA4FQE o Sd=d ©]%F¥H FH(moving average)JJr ]"‘ 3 2 (exponential
smoothing) < 283}tk Kim and Park(2016)> 37 F2d =S 93] AAEEIE Y 142 YHES A
/\] 0}"3 o T2 W2l vE] AAIE 80 W gh 2% 2 (winters exponential smoothing)©] 4352 S
Tttt Ae TSI

%%1}147‘]h AT AT 22 AAE 8% ol9jol] At FEAHA FEFH 2 A glld=
S et 535 HZ do] AREo FFAAA o] & A&H FFE £ COVID-19% &
Q)Y gllolmng O]E% IS = Ade PHE] ALHoof gtk o]HT QlES WFsh] fs £
TAAME AALGEY 7]8Fe] SARIMAX(seasonal auto-regressive integrated moving average with exogenous
regressors) 8-S 2|83t} 3} T

713 AAREEH 2 A BZAE(y)7F FARAEWY, — 1, Y-y, )= HIAZIH oo T2 A8 A
oz FAEE Zgoly A1) o] AAHS(lagged variables)S I AHFo} 22 Fejo AFFFo=z
742 T UAthe 7Hgel ZIke o] BT AVIA ¢, AVISAAITE FAFH iHA o] Ao ARt
gk 7HsAE 9nsid, 4571 pl AVFARE S AR(p) 2 VERATH

3k

R o of

D
AR(p): vy, = 1Yy 11 PoYs— 24Oy Oy = ‘;@yt_”at ........................................ (1)
O]FHTMA Y S FA BS5AR(y,)7t BAt HA NAZI W)l 1PEATeE dHHE Y
ol ZoA H|FZY3 ,)= ID(independent and identically distributed)E 2T} MAE Y-S ARE 3}
FAFHAl AAHFE AP Addste Feloln, AAFE 94 o] Azt & 2443 7H5x& Yehdch
o5 olsHIAFIH 257t q MA(q) BB A<t 2ol Jehit

MA(q):yt:at_eatfl_'ueatfq ................................................................................... (2)

ARIMA (auto-regressive integrated moving average) =82 A9 &A= gk

ke, A7ke] Folo wet Hit B FAke] WE AL AR The] FiAte 4
/& A Al & (non-stationary time series)= H8317] $8te] AR AA S —‘?—@'%J 23o|nh &3
b AR mE F713 BAE A e AS WARAR AEAY AR RRE ZFske

SARIMA(seasonal ARIMA)E.8-& 283t} 2 (3)F 4= 27 ARIMAE YT} SARIMAR S HojFr)

AR[MA(p,d,q): ¢p(B)(1—B)dyt :00+0q(‘3)at ............................................................ (3)

14 DIZTSOL| =27 TI203, 1220214 29)
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3714, ¢, (B)=10—¢,B—- gpr”) 0, (B)=01—60,B— OqB'I), 6, deterministic trend©] T,

SARIMA (p,d,q)(P.D.Q): ¢,(B)®p(B*)(1— B)'(1— By, = 0,(B)O o(B)a, = (4)

se ABF7), 6, (B)% 0,(B), 6,(B)s 6,(B,)E 22 wAHA 2 ARA AR, MA®] iAol
SARIMAX R&-2> SARIMARE gl ARFEo oS wtgstr] flof A3 AR 233 A
ojt}. o] WHEL HUZH AT EY FFoE AFA ddd nlojo]x BFo] o4lE uf F83HA
|71sst o Al(5)9F 2ol Aol dth(Hamilton, 1994; Tsay and Ruey, 2005)
wy =Yy — Byt — BoTgst == Byt

2

(1- if’iL )1 - Ziqujzjx Y1 - L)Y (1= 2%)Pw, —n = (1+ f}laiL )1+ ZQl@jLJ‘X Yoy ©)

1= J= t= J=
Lo A% A, 5 0] BEAE, 2, R KA A1, 5 A 24 g
ol A4, b AR &, w, i AN 23, pE ALY AR A4, PE ARE AR A4, gE
MAEE MA 4 QE ABE MA A4 dE WAEA AL BB 0e DE ABE AADe) A

3, 72 SARIMA E39| 354, o, t AR} eakgelt.

® ATOIAE COVID-19 FHHlE, FTANA FFE HlolE SIMM(r, )E HH3Io] SARIMAX
& 7, AU FEARA ol &y SN B RYOo2RE =3 COVID-19 W 8
o) BAT fode viRes FFAUA o183} COVID19 Sahistel e W, FFALA
Rus} FEANA w00k WA BALA A3

V. A85A 2 AE

SARIMAXE o] &3 A FE3ARA 20528 75& fste] A9 F3AAA diof - g
TAHA FFUF, COVID-19 BHA & 5& FHAAT. £T vlojE BAARe] Ju4e 95t
FE F W9 YAt A5 T 71702 20159 9YRE 20209 697FA ol WS
olE] AlF Al A7t Atk FEARA FFUHE 20159 9L F-H, COVID-19 &3
45E AFAch Y AYUFEY) 7|2 RE <Table 3>04 AH=a ok

(= o
e

jn)
9

<Table 3> Descriptive statistics for exogenous variables

Variables Min Ist Qu. Mean 3rd Qu. Max
Shared bike usage (bike/week) 2,570 34,767 186,109 275,745 729,923
Covid-19 patient (person/week) 0.00 0.00 5.24 0.0 137
Shared bike supply (bike/week) 5,316 5,316 14,333 21,018 29,500
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<Fig. 1> Exogenous variables changes by time
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1. SSAHA SEAlLEL 4F

FEARA FF B2 FoASE 8t LA FFARA FFALE HFOE F 4714 FF Al
g emE AAsATh 20209 FATEA 29,500t FEAHATE F Ao AVE L 1S
20201 d714] 8,000tH, 2021} 7kA] 3,000tHE F718ke] F 40,5000h & &3k ZAold, AlUgL 12+ 20201
744 8,000, 20213744 3,000, 202213 744] 4,500th S F7}ske] F 45,000tH S
2 32 202083 2021132 AU L 129 FYSHAl Fr18kAIRE 20221 ol = %%rﬂ#%—
50,000t & Fgshe Wetelth I8al AU L 4% 202297HA & AU L I- o
e F7F FF3te] F 60,0000 FFAAATE FFEESE SHA

o]%4e] 4714 FEAUEl L AR wet 202190 dEHE FFAAAL] A Fa+ 31,779,146 02
= 202490l AL 1L oF 436wt A, AU 125 oF 43 SMoYRE, AuEle 132
OF 4A7MTE A, T3 AL 45 oF 493NN o g oF FAHL o]9} e Al Qo) wet
P 43t FTAAA FLE FHE YEPNWA <Fig 2>9F 2t

O, 33AA ol& 8w el dAe e HAZ F3AAA 1 &FHE L AA 3 g
TARE, AXY 14 T HETS7HE 247 652,842/, 488,856 /T, 220,0009/ 12 F-8D3}e] Bl gju] 4=
de A=A Adoe AlUE L 129 H8OR] FYo] B L12E 7Y B84 v Ao E UET

o)

u:m
il )
=
x
rlr

SHARED BIKE DEMAND [USAGE/\

ﬂﬂﬂﬂﬂﬂ

Scenariol Scenario2 Scenario3 Scenariod

<Fig. 2> Results for shared bike demand estimation by supply scenarios
2. SARIMAX 29 75 Zu

ANAE B4E HalMe 579 34 e 809 F&gFHo| HiAlFojoF stz ATt wet FA
2z ExJo] MslelA] b= A3/ (stationary) A|AIGHIOJEIE ARE3loF ST}, <Fig. 3>0l|A] B3 Q& A&
A FEAHA o] &9 74] é*é e, FAEL FFARA AAGE B 7} 1178744 (non-stationary) 2] 543
7ML Qo BEFE g BAS 9ste] HAA dolH R WETgo] et A& AL Uth
durd o2 A4 o °]E1 o] W3k 2} (differencing) 0.2 3l o]& T3 H WIS LAA =435

E= ]

=
2 A ABYE AA EE BEAE 5 B8k & ATAN A BYAIES Fig 4254 2T
e AAEs] IAE AATE Dickey-Fuller TestE 531 Pvalue 2 0018 EE345.0m, o] y, = A4

D A2AdFTE UFAks, 2020.11
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Be+05
1
1e+05

Shared bike demand
4e+05
|
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2e+05
1
stationary shared bike demand

-3e+05
1

Oe+00
1

T T T T T T T T T
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Time Time
<Fig. 3> Non-stationary shared bike data <Fig. 4> Differenced and stationary data

£ HROE A2A COVID-19 FX1AF 5 MR F715E SARIMAX B3
THHES FAWEE, F7IHE ol SHEAE AL vAZAAE 23U
o). <Table 4> A3+ SARIMAX =& —r7<4 A}l o] MAS} Seasonal
o]&k "], AR, Seasonal ARFE-2 F|3tA| Kol HAFEFo| 2F31A FUT.
of @A o] §F o= HA AR FRAREFE We JFS For|g vhd 747
o2 HMEis HgstdMA) @A & Fske Aol fomg
e FE 424 AEFE 80%, 9% A FAACE o8y, FF3AAA +
S 2 YEigT &, COVID-19 Ho|H A= &3z} 471 $71845, 81 3%
AAe] FFEel I/HETE FTARA ol&FaE Ite v A3 =EH AT

<Table 4> SARIMAX model results with exogenous variables

Model MA1 MA2 SMA1 COVID-19 SUPPLY

Coefficients -0.4426 -0.1197 -0.3349 312.6311 16.0822

Standard error 0.0849 0.0792 0.0937 184.2386 5.8292
AIC = 4,815.71, AICc = 4,816.16, BIC = 4,835.38, log likelihood = =2,401.86

H2 RYE d8st] A FEAPA FaE %75*’8}71 %%Mb COVID-19 %bﬂeﬂ Hsto] e R
7b Basitt. ol S8 dF E7Fed C

el COVID-19 &30 5 @A7HA LA QXJX}BI Wi FE(100%8 Hehos FF 1@7} I Z} +
A & FARUE L 1I-1), 202195 WAL E 8302 4 09, F COVID-19 Hpole] 9] FaFeo] gl
AU 2 112), 202197 E &2 343 S7HE soo%‘tH% A, 2022'd o] F &30 5 oA
L I13) To2 At 22al 37k F7F AlyE L ofs =2 AAl 3ARA o8&l A
A= <Table 5>} 2t}

_4_4
i
12l
==
mﬂ:
dot

18  OI=ITSSR| =N MI20F, M1=2(2021H 28)
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<Table 5> Demand forecastign by COVID-19 cases scenarios
(unit: usage/year)

Year COVID-19 Scenariol COVID-19 Scenario2 COVID-19 Scenario3
2021 32,221,236 31,779,146 39,004,893
2022 38,484,054 38,484,054 38,484,054
2023 43,663,408 43,663,408 43,663,408
2024 45,959,445 45,959,445 45,959,445

SARIMAX =30l o3 &% 4d3t F3AAA o8+ A5 A= COVID-19 FXA 7} go] T4
s FTARA F7t i FUksE A oE eyt 2022'd o] F 2= COVID-19 &34 7} glokal
et ong AU el oS A 2 =2HU oY 2021d 9= COVID-19 HEE| Alue] o uf
2t dEFes dolstA vesth 10078 Welo] &t A& B9 2021 SE3AAA Foe A3 34 2
Rk Aol A7 WAYsEA] 65 wi( Mﬂfﬁ 12)9} Hlaste] 14% $7F & BAth &7
5008 WE frASE 7 oF 37 9wk o] a7t dEFHAen, o) XA WA g
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