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A Study on Spatiotemporal Changes in Usage of Shared Bikes under COVID-19 Pandemic:
A case-study of New York's Citi Bike
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During the COVID-19 pandemic, the importance of share bikes has increased because they can be used as a

substitute for mass transit. I looked at the case of Citi Bike in New York City, and analyzed changes in usage before

and after the spread of COVID-19. First, I conducted a time series clustering analysis of the difference in the number

of arrivals and departures. Second, I conducted a latent transition analysis of the cycle stations. Findings suggest that

enhancing the service level of share bike system in suburban areas will improve the resilience of the transportation

system.

1. HEOERLEM

COVID-19 OFATIIA X DIETRIC KX B4 4,726
L7c, O RlbEd 2720, Ax OJEHE) & EAUulfHhEs
5 MY o AR Lz, 2T, Y=V % LT 4
AL AR DBEENEDATBEEIZ K o THEOYNT bz
FERL 0 AVVRIAIHZSAOF BRI = 0 . BFEAS
HWEREEOFARMARELSZELLIZEEZ X BNLD,
COVID-19 HiAT FIZBWWTIE, Y=Y /LT f AX A
DOWRPEG T 5 Z ENBIRFEBEIOKRE /A v k
EIRD T EIND, TN T DM R SR DD
AR TEOMNETE L U CEHERKE 2 H - T D ATRE
Wi 5, 2T, COVID-19 FiAT FIZBWCHIFREL
DRELSBIELIZZ ERTFHIND T =T 23 {220
T, KEH - =2—3—2HO Citi Bike 22, FDZAL,
DOFRHEAE IS MNTT 5 2 E RO B TH 5,

2. BEMEOEELMEDHLEDT

2. 1 BiEtAROEE

TN T D N v TT—H E FHWTFRIFEZEES b
Vv TEBICRET AR < ThivT\b, =T
734 27 & COVID-19 (2B 2583212 2020 43 AD
F U ZIZOWTHHT SN2 b DN E, Teixeia ©
(2020) |LCOVID-19 AT FDT =7 734 7 R & i T8k
ORI FHOMHEBABHRIZ OV TIIE 2 T o7 D, HFEkOR
FEEE L o = 73 7 OFIHFE DA DUV TR HIRE
C GBI TIA S L T ARG ATV, i FERIC
KL T =T A 713807 2y 72X DRI
hEL | BB ZTIT WRBFETH D L ffamfHiT T
VW5, Pase H (2020) 122020453 HD MY w7220 T
2SO 24T, b Y v T RZ— OB LR LN
LTCW5% 3, ZORER, —EOHIX T ~Y v 7O

oM NEFIHE O = TN 7 ORI BV RIE S
7o MMATT, HEGMEIHT - LB 2175 Z & TRy
T — 7 DS L0 S HRREICE L LT D ST
TV,

2.2 WROMEEDT

COVID-19 D =7 /3A 7 ~OFAE T L7=/F5EI
BWT, By 7 XU ERE TS 7 A LBEOF RS
WZOWTEEEHAL NS TR, 2T, AHZE
TlIry 7 Xy A e vy 7 0 RGO LD Ry
Wz DU T COVID-19 23 = T3 725 T~ 5085 %
W7 Z 28V v 78 K OWHERS Tt & VTR S
T D,

3. FRT—2IZDWL\T

3. 1 CitiBike DBIELERT—42

CitiBike (3= = — 3 — 27 i ZHULNIH) 1100 DFR— |k &
170000 & D HERH A G L TWD T A U KD/ A
I 2T VAT ATHD Y, V=T ETRY v T—H
ARSI TEY, % b v 7220 T, R 7 -
BRAAREA] - $& TIREA) « 38R — b« B — b« BERHO D -
2P —H AT R - 22—V LT DR S I
T,

4. BRI SRR VT ERVZR— MEES T
4.1 [ZLC&HIC

=T NA 7 DOR— NRIHORHEOE LA R D IS T
V. —HWNOR— FOFTFE - fHEORFRIZEIER L.
KRS T ALY o T2ATH Z & TR— ML,
4. 2 Kk

(1) 588

FIRRIR ORI E & B39 5 72O DFRIE S LT



MZEDH Y v 7 EEE N v T BOZEE W=, K
ORI TREND L H T, tRFEO—HIZAR— b x &
HFTD MY o 78S ER— X ICBETDH Y v
BEDE EFR— N x DRy 78 CChrUIEZ R
fbENT-FEZED(E L, FEEE L TRV,

D,(t) = Sx(£) CxEx(t) )

D DIETHIUIIFE N v T OERE R v 70 G
£ AFRIZRBWTA— BRI E LTI ST
WZ AT, —, Dy WATHIUTE R v 7 OFM
%<, W e LTRSS 0W 2 & 20R9, 2020 4F
1~10 HO N w7 F—2%20EELHLE LTEF— b
DRSS AZ R L, BRSNS F AKX T 54T
STz, 70k, WENETFOA M o THIHFED 722 D
ZEMTREEINDF-H K Z2 00 Totra T 7=,
(2) V5REBYITFE.

ZIR— P ORI E Z IOV T2—72 U v NiEE
HWCHREA E L, BEE Y 7 22—k & T o7, B
HIREYS - SEANEETL - BEEE - Ward A2 HWTERE
TBERE Y T A2 =0TV, T RarJ Axbig L
TR LY THDH EBEZ DD Ward IEOFERAZ TR L
Tro 7T AZ—HOWEITHT-> CUIF — 4R L oL
T MEEE G LTz BT, AR BB L Cr T AH
—HE6 L LTND,

4. 3 FHDYSREA—IZE I R—MEEDT
(1) 95 RZ—DHH

& T AL TN TR 22D ED— H NIRFHZAS
FaRLT=b O 1 TH D,

Cc1 C4
— (2 — C5
C6

difference/capacity(%)

L L L L L L L L L L e e

T
6 8 10 12 14 16 18 20 22
time(8)

1 HEEZEDTHEDO—BNEREZEE
ZDOTITTEY, FRIETROBELADIEA L E—
DFRINTY TAZ—FZRHESTHZ LN TE, e E
EOIELONRER1THD, N TEXZORIESE, 7
T AL —Z C1~C6 LI5S,

K1 BRI —DFEER— MY

L= #

Cl | Z&Ny 7 LN Y7 R —HZBL UZFEVE-> | 602
TW%

C2 | FRITLRTN 7 MEL FEITROR0EN > | 318
TN

C3 | FHNIIFEN 7 DIEFITLL, FERITEN 7 | 68
MNEN

C4 | FRNTRRHEN T MEL FHITRPEN > | 101
TINEN

C5 | FRMIEN YT BEL, FEIIFEN T H %0 22

C6 | FRNIFERITEN Y703, FRITIEFIZHE | 5
U AiE A

Mz T, FNFENDY T AZ— BT BR— ~DZEf
AR LT B O0RX 2 TH D,

HEAD(A/ha)
0.0000 - 19.8000
19.8000 - 39.6000
39.6000 - 59.4000

= 59.4000 - 79.2000

= 79.2000 - 99.0000

* TER

OpenStreetMap

el S AT TS

2 FHOY A2 —ERHH

(Hi#t : Citi Bike ®,U.S. Census Bureau.”, NYC Open Data® J ¥ ZE#1FE%)
Cl 1T —EADUFEIEF LT LTS, C2
I~ oy X BRSOy 7 U U HIKIZ %<
O3A LT %, C3 AT Z T MERESR O - - %
ML TND EEZBND, CAlT~ oy & B
~FEE ORI A A H FERO BB LT Y @
HPHOELTH D EAEE I NS, C5 - C6 1T L
HTHDHI v RETATED L THAm LTV A,

(2) 95 RE—CLDFADEL

X213 bV > T OV TORFEN S DELFRE 7 1
v hLIZbDTHD, Cl-C2+C3 DORHERENRL | (A
BH UMD 7 T AL —1Txk U CRKEZHERF L TD,
INBHDT T AL —(FI N OB & < BEEAN N
FEDMEOHIFICZ < M LTV D, ZDZEnD, FE
FOHUE TOFIHDERHNIEIN L TWD EEX B,



Rate of change(%6)

-80 -60 -40 -20 0 20

B3 BADHEE L)y THRORTERAN LDOELE
4. 4 KBDYFRZ—ITEDR— M
WHDZ T AZ=ZONTHRBRO T 21T -7 8
A, FH EFRIUTSRERDMG BT,

5. BEBTOMZERAVZR—
5. 1 HM

0y 72T URHRICEIT DR - BOENENLDTTED
ZAUIZHA R — FOFIAFEDOZA b Z B BN 57

DITEERAT N (LTA) Z1T-572, 2020 4 1~12 HD
CitiBike ® bV v 75 —X 22T, QT w73
AR (12 A), @uyr oot 36 H), @ry s X
v ARG (7~10 H) . @EGEEIERE (11~12 A) @4
AR 4310 C LTA A& i L7z,

rRIRDOEED ST

5. 2 A&
(1) %
KAR— MZONT, MY v T EFRTE %L THT, v

AT LBEO R v THISEDHZEDOR— b HEEE T
I3ETH M) w7 OEE S =7) ORFEFERFS
OEALREZE L, BEAHE U THW, Bz, R
— b x BFENCHFET S N v 7% STa, . FANcE
RN—rE2HIET 2D N o T OM%E STay &5 &4
O M) AT EHDD MY v T OEE (GRS =7T)
SSa (FLL FORQ)TEEND,
STa,
STayy, 2
[EUROF R 2RI/ T4, R/ THTTITO, FRIDFE
ST RO T FHIDET =T - FFROEY
=7 OFt 4 SORIEZEH LT-, ZhblzonwTtEne
BTN D O ERERI L, 2hb 4 25Kz
v 7B DRI~ DIZIBNTHE REICEID Y TH
DR — FOFPNHIFIC 72D X912, £10%B LT
+40% = FE L U CHIEAE 5 B QIR REE L L
7o
(3) Fl&
AT —H ZBERET DD, 7T AEEZTH
HARNZ DWW CHIEY T A %5 ﬁGEM%%ﬂ\mc&Bm
Ze Ll U, T ORER L BHE AN S LUOWRIUEE BE L,

SSa, =

AT —H 2 H 5 & LCLTA 230 L7z, 723, LCA -

LTA (% & 12 M Plus Z VN CEMi L 7=,

5. 3 &
SMAHERER LD . R— FDAT—Z A TRD 55
WSS,

() FRIFRILICTEAE S = 7 DS KIE A

Q) FRITFRILICHAE > = 7 D3]

Q)Y FRITFHRIUIEET =T LK
BFRIF#RIUTIAE T =T DIRIEIHER

By =T BRHEVELL T VRN

WA, AT —HADKA THERE T2 TRT,

x2 RT3 AEDOEATHER

RO (7)) =@ (31) K@ (1) =K (3l)

1 2 3 4 5 1 2 3 4 5
1 [0187 0 018 0 1 0432 0031 0 0
2 | 013101288 0.184 0217 2 |0.07200:663 0.011 0 0.254
3 0.007 0.029 0.235/ 0141 3 0.015 0.041[0%68 0.128 0.186
4 |0.032 0.101 0.24370.:399 0. 4 0 0.04 0.209J0%738 0.018
5 | 0.006J0B80.248 0181 0202 5 | 0.027.0.177 0.248 0.02J00528

KITDART—RZADBIDAT — X
Z AT T 2 ROEBOMER 2 K

FIR (1) =K@ (31)

1 2 3 4 5

R ON DRI TTIE, AT—X A 1 (=7
DIKHERE ) D36, AT —H A3 (=T HER) ~DiE
BL AT—HA3 (=T BER) INHAT—H A4 (K
TEIZHER) ~OBATHERD EV, BIFENDITR v 7 X
UHNTFEEN TN KR T > T2AR— b DT = THIIA
TR D, BB DITTERY =7 DML TH7zR—
MNCEBICEENE E T2 ERNbD, nv X
WD DIRERZOBAT Tl [RICAT — & ZA~DOB Tk
FEnE< . D IFH@OOBATICOW T [EERTH
b ZDOZEMND, Oy I XY UFHETAT — X ANE
LU, v w7 X0 Aifeth TIIEAL LT AT — 2 A3k

FEhTnWaLEE25,
5. 4 #&

WIZ, FHNC OV T AT — X ADZER AR & i~z
LZA HADKH et vy XU ENTEE
(¥ =T OBV NSWR— E 3%, vy 7 X
VL OO R — T = TN N L, Ny Z
Y EBOIRCHE DY — AL T = T IR LT
WABZ ENbnD, E£To, AL bR s TR
/m?ﬁ)?fﬁtb’(b\é MDD, =T T OFTEN

DHEENTWD Z &b, RIO~@TIInmmh
mk%&%kﬁ&%n&w:k#%\Ey&ﬁﬁy¢m

1 0317 0 0.019 0.021 LTWa

2 0.062{ 078 0.031 0 0.128 g e e

3 0 0.014“ 0.141 0.126 KA AT LB ORI E V.,
4 0 0 0.134)0%848 0.017 AR AT AT — 2 AHEILL T
5 0.029 0.122 0.111 0.012J05728 B,



EZ o7 MY v FEBEEOET—R7e b 0TI,
EHIN B THDH EEZDND,

1428 (Ry 2 %9 )

AT—R2R
el: v

7~108 (A y 289 %) n
: PoSat
2722 ovow

11~12A (BRBEKX) 7n

ATF—=R2A
o1:%

B4 RT—2AQOERMAMOEL

6. fEmESEDRE

6. 1 #&#

7 T AR =S ORER LY | Citi Bike OAR— NI4T
HIH - 2 R L 72 0 o9V viR— B & PRS-
FHHRHE 720 R0 VVR— RO DIIHETE H 2 L

Boyhotz, £z, FNEND T T AKX —D434h LA
RINOZA A % Z L1k » T, BESHE TELERIC
T 72 AFHECH DAL TR EERICISIT A Y v
DOHEINE | BENOBEEN SO TEHH LTI 5 b
U Z ORISR Sz, A TEERBA TN 2175
7L A, MR LERCRIT D B Y » T MR
DU, = RTFERO N Y TOMERENIEEI L TE
V. ZOEbRa Y 7 X CLBEERF S TND Z LN
BAGMNNZIroTz, ZiH &R T 2w T KRB RGARD
NOTWRNWZ EEBKEZ D L B RTBERICRT
L —E A LULDn EROBERHA 7 T ORI
EThD ST 5 Z ENTE D, —EAL~ULD
M B3R AT ADOTLRMEZ ED D Z LTS D715
EEZ DD,
6. 2 R
F—OMSEIL, IETERAT O AW B R A U
THZLTHD,ADHTTIEY = 7 BRE L R4 T
DIFTeb DO, FEFHHCHEIC L D = 7 ORI OE
TGRS ToZ e b, =7 OHEAE — DOBEIE
EHITE LD, MOFEDBEANLIRFTRETH D L&
26D, M2 T, AFETIE MY v 7B B HEED
BTN TI Y | TR & oA & e RIS 53t
THIZEEE-TND, HHFIHOAN DB D25 &
EIERBA TN D Z & TEBIEA T — X A L 534D
FHREZ E EBRICFHIN CX 5 lREMER B 5, BB i L
L QL B4 TR D47 T A X —D554 ERIRIRI
2DV T ORBOEBRRHIAZT Hivd, 5% DI
PEE LT, BRHEIRET L7 EAHEE L, ABF5ET
BOHNTIRBIZOWTRGEZTT 9 Z EDRBE X HID,

SEH

1) J.F. Teixeira, M. Lopes, “The link between bike sharing and
subway use during the COVID-19,” Transportation Research
Interdisciplinary Perspectives, Vol. 6, July 2020, 100166, 2020.

2) F.C.A.Z.a.M.Z.F Pase, “Bike Sharing and Urban Mobility in
a Post-Pandemic World,” IEEE Access, vol. 8, pp. 187291-
187306, 2020, 2020.

3) Citi Bike, “September 2020 Citi Bike Monthly Report,”
https://d21x1h2maitm24.cloudfront.net/nyc/September-2020-Citi-
Bike-Monthly-Report.pdf?mtime=20201019132054.  (20214F1
A16HRED)

4) Citi Bike, “Citi Bike System Data,” https:/www.citibikeny
c.com/system-data (202141 H21 A %)

5)  U.S.Census Bureau., “Longitudinal Employer-Household
Dynamics,”  https:/lehd.ces.census.gov/data/.  (20204F10H20
H %)

6) City of New York, “NYC Open Data,” https:/opendata.cityo

fnewyork.us/.  (20214£1 115 A RE)



