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HESE S A\ ZCES I TE R K20 - R A LS @ fE B\
TR AR AR R TR RS AY - ARER LR A ~ W] 5 B SR # T i IR Rk R
QUL - Zo Bt 75981 JE RE ABE E B/ B ACHR (it i 4] B i o 21 e o2 s T 42 7 JEC T e ke
(accessibility) ° JT4F » 2L YouBike (LU NHHE YouBike) HYFIERNE R 11N
582 I AT B o TN B AT B R A A S A Ak (2@ T - Z LT H
2009 FHHGERE A F1THHE R - W YouBike ML AHGEE Ay TH—I
ke Thefg—M ) R EiiETeE E - #GH% F258E > YouBike UK GALERH R HA
A BRI B ELER 5 R A AR TR R o

HI &I YouBike fE (5 A ME ELARAY TES—IE g f MRt —Ml ) Ao B (58
EMKEIRETIR > 2018) 1o NI BT HUER AR R RS R L L 2 (R )

%

AL > RN B AT EEA AT B R A Al S L (kR ) B T AT ]
(ELRiE 22 S M 3 Bl ek (0 gy LD » 3 F AT B DL A o [ o o 8 1 0y

LM R ATIE (2018) ARG TENR T AL AT ER R FEMALIMGE AL
BHEAAN AT ERARELEREL > 547 YouBike A E F H T 41k - L&
R %7 > YouBike 1% 4% A & Z Huts] B 78% » A R 4EIE Z 5K 49 B 80% ; YouBike
BESLREAL R A Z ] 5 5] B 17% B 5% R RIBIE R RS H] B T6% L T73%:°
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) BT HSCAL o I e 2518 e B A LA G o ERAWL A E 1T
AVBERE S > DU BN D SORRE R REE T B 38 Z W50 i - [RIELASHIFSE e [ %58
% YouBike JkE5 LU BRI BURIR R 2 Bk - T AL BT B ACTSE SR (R
GEEEEAE) ZRFE - bR THEHERMM TERML 29 FRREEERE AL
HAT B EE ~ A H 2 M E SRR E S BB UER 2 TR - Az E
ZSEERY o

B BN D SURRET T A BT BB A RUE IR (FEE RN 2B T
S o (HBISHIE AR A A SURRER HITHRH 2 B3 5eAS SR © Kim and Cho (2022) 5
Fl Martin and Shaheen (2014) ZHF5E#EHE» ZEHA /A B AT A B R AP e A 7 (B ke 22 )
MIBAGR AT Loy B A AR Y - By () BRI (3i9) (> H Campbell and
Brakewood (2017) ~ Griffin and Sener (2016) ~ Kim and Cho (2021) ZHZe/REER » A4t H
TTHEAE R AU R A S BEAR 2 31l FLE BB RAZAEEEAR K < 1fi Kim and Cho (2022) )
PSR IRITEIE T FSRAB TG R - HEEBRRE] 5 fi/E COVID-19 1R3 ZAll » A HB I
e A B TR R (A8 o mbEEE S A B AT H &4
IR o SR RN E T A BT B A 2 RS R - DU A BT B
RS (EA) Bk

Kong et al. (2020)? A/ H 17 B BLATE I A 2 [T AR BRI » (HIEHE
(BRI I 1 A B K B B2 R A L) AL R T R SR o0 AT LR + HAR SRR SRR > IR
FE Ak E AT R B R P g R A R AR BRI SRR A B AT BRI S G - 1R
TR FEERIRE (TAF HBGER DU — R AR EIRFES ) LUB (2 B 1M Radzimski
and Dzigcielski (2021)° HYBFFCRIEFAMEIRTF 2 NIt (Je5) BAT HARRAYRF AR (L
FESGEEOLE - (B /D BUSEAIS 8 T IRE KM (M2 AL ABAREEAR ) ERE N

7/

2 Kong et al. (2020) %1& AATEE Btk A o VAR ET @ 69 EAHY XEAT = EF 247 o
3 Radzimski and Dziecielski (2021) 1#4% A &8 47 & 55 B B AR A » vARg B @ 69 B4 X 4T
72 T 18 57 S 30 3R o A 1 SR AR K Z AT ©
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HAFFe I R R R A 2 B AT B S T RE BTG (A mbazs ) L TE A
BAGR - M EREHHZ B 17 RS BA AT RE MR ol (AHAGmEss ) Er T
X GBE) 1 BAfR -

{ESEERE » Radzimski and Dzigcielski (2021) HYRFZE#E S EL Kim and Cho (2021,
2022) ~ Campbell and Brakewood (2017) ~ Griffin and Sener (2016) 25 Sk & & Fifi A~ —2 »
BT Kong et al. (2020) Frsaipy « 233 B AT B E i R M o [ AR AR AR
TF o RIFFERELR T3EE Z BRI EHEE 2 /% ARV SCEREER TR RIBEZR & R (7]
REA RSB SR 2 252 ) ~ ARIME RIS ((TBIRERISOUZ B1T HukEE
B ) ~ AR EEE A A (— Bl ~ 22f] B R (spatial autoregressive models) ~
PR OIAE RS (geographically weighted regression) ~ sEHEE B a1 & B HEFHEA! (panel
vector auto-regressive model)*5 ) o | 3liiE SEdth |5 72 FLELRF 52 /7 1k S A SRR - #AT
RESTE IS R T A FIIE AR R » S 3t BT BB PO R Z B I 230
HAR RIS ©

AWFCER RS e E AT S B R E i SR o IR O eI - DB [RIBI SRS
& A R BB B S EaR A T A S B B 3G IR » SRR (e T A 3 BT BB KO R
AR A B A AT IR > WARESE RHRUBBI I 2 IR RIS - MUHERS
JIA AU EEREE AR - A RE SRR B GE & H1T R o B BIA H BT
IR AR A B BRI AL B ST 7T » AR lEld 2L YouBike (S B HE
BLAHRR 3 B2 BHE R (panel data) » & & E L AT EACEEREI TE (LA > PRI
R B A B Bt R 2 A B > Mt — D HERR 22U T Ak B 47 B B P i SR 7 ]

4 Kim and Cho (2022) 47 panel vector auto-regressive &£ % M ATAF %, » TR B » 4% A B3 H
XL ETH T A GERV A TEALE IO A » AATRERA
o [ B P AL M e AR A M o SLAR A 2018 - 1 A £ 2020 - 12 A B R a9k B AT
N R EREEAREAA DT  BEBTHESR TR (REHTHE) #
B HEH B E -
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ZBRREE ©

[eo] ] P 3 B SO B2 2L T YouBike Z HHBRIFSE » M EHFIEAIT - (R MR
M~ ZEETIE (2018) MUERHET » S LTIES IR YouBike HRHEE & LLFIERIFS 20%-27%
(B OB (BB ) YouBike BT HEREE RM TCREE — M BiR % —1 2
B #HRBAMHE © Pai and Pai (2015) fRLARIEFHE /7 X E1ET YouBike i ¥ EITHEMIT 57
> HAGREEE YouBike FHAE UGB & R B 1T YA BASEXI 3  Chen et al. (2023)
JHEdR YouBike FIHEEZ[EIFFAE AL AHRAGR - AR FIGE » HHEGEREEMR - K28
YouBike BigR RS IS AT 2Bk (0.7-2.7km) » MIER IS TRGE 2 B » A K%
8 YouBike {5 FH & #5 A 15 Si kAT B (o FH FEE A5 ~ B s s R E A B - 1 T 2858 A\ (2018)
L) 2015 4% 1 A% 2016 4 3 H.Z 224 {f YouBike1.0 BBl RL 5L - LURES i Rt {5
JHIE Fe B AU B4 Y ouBike FEAE BEEITEIRE fET » HRSSREUR YouBike FHAH B ELHEH
b ERRE LR A M BAGR o (HELREERE TR & Z RRR I AR (SRS RAEE ) o Bl H,
PR 2 BRSNS © Yen et al. (2023) AFEALHTEII RS 400 Z{EITIE - FRESHITIEL
YouBike £ #E SR IR IRZ I HLTR TR 5N - LALLSREY YouBike fE & FHEE BRI
SRR (R — W AATERRFS DIRE » SRS HARHEBRAE LB ST 2 5%  Fu et al. (2024) 3%
AL YouBike Bl ] < df > FIIFHAERA! (survival model) #%5T YouBike Z {5
IR > EAEREUT © (1)YouBike B 1 EA ZE a5 A 55 — WA 4 — M 77 il =X
ZA% o AR el AR R A TR T 70 BRIV 2 T2 5 (2) Ukt » 1S SR
ONEE RS AR i 2 ML - YouBike Z BRTRINFE] /R LB 2 #EA

AHFEEL FRB O ESOR 2 A2 R o B SFSETIEN S 0 R E T
A AH LUBHEE BHE S BRI » 1 BB RHE € SEREA (fixed effects model)
ARG (17 RIS O K R IRF I SO o B A B (I - AR ~ e R R 55 )
TSI AV - R 8 & i e T A 51T B 2 EREIes > el it
O E B SRR ~ RSB R s B B SR T A EE R B - AR e
FAB WAL 2 IR © 55— > ARWFSEREH (0 Hausman-Taylor 1581 » — 75 Al Al
AANBEIRE 1 Bl 2 SHE B B AHRREE L > 55— 7 TR alE @ — 0 o M b s R A Y
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(random effects model) HRTREAENI AN A8 E > ik F 50 FH T 2S8R e i e {1 22
FLER NS B HHRAVERYETRE - EMSEI R —BE (consistency) 2 flidt#ER 5 SHIA
A S B ERE SRS I B pooled OLS MMl TG SR » o B[] 8RS AL Z Ak 3 s SR 2R AH
HRIZR » SRS BR ASURI AN E iR - 5= AWFNE Rk
5 ~ YouBike FHE & /KUEZ BT NEZHRA Z ERE LA > TSEIHE 2 B BOR R Z A
R o (EFEFARYE » R EACTI A B R REUREACE E T G > R AREERE
R B A H B HAEERACR (Yen etal., 2023) » B {FE L SCgkE D EHAHE
Fi#fBL YouBike [EIRAR. 258 3 HaZdUmi A BT B0 Euka B YER 7R R %5 & HI N G
BhZAOLIE - AIREZHRZ BEREF U2 H IR o LRI - AT B E A A %
TN BUAHRRAE R R OCARIE A2 AR - LIS YouBike BN HFHIBAIAIE 2 313 o

AXARMENE LT o 5 =i ma b i R SE i R R B =0 mE
RE MR R B RL 2 3R 5 SR PUER 70 £ B RE G SR Z AR BB 5 56 TLEl o) R am Bl A
TEATI e o2 B St SR B AH BRI e 1 T LU I > M2 H A BRI E i B AT O -

K EhTRREHAGERM R

AR AZ A HER SR LSRR > BiLUEZR A #HEEA - LA E
1T ST A — MR i — ML Z IR » SRR B 2 THI A K P A5 At o (8RR SR )3t
Ml AHR=E PR PR 2 AMER - {1977 FEILTHFAE RS A8 J5F
SIS /N BRI RV E - BRAREIKY 290 15 - R 3200 BN HG 0 H 14
EL R OGERAR -

TEBHE N B R R R A 20 7 > EJUTTER —IRFEBRAR TR ) 12 1996 A 1E
SE o PRAEE B AR ELE RS FAR (1997 5~ 2013 ) ~ FALLIFTIESR (1998 4 ~ 2014
)~ IR AR (1998 4F ~ 2010 4F ~ 2012 ) FARFEAR (1999-2011 4F) 5 5 %
BEER > It 107 (EESE G EHERMR R 1311 A B« FEER K E B Re iR AL
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R A @ 5 H R FEAY SR SRR o RS LASGE AR BN AR R ARE o

AT SE AR E ) Z BN 2 — » B AERSE A E 2 AT B Sl
T 55— o K Rl (A E) 3R - 1985 A H{ FASS L KU3E 70% - [RIPEL R
HRBE IR RON 2 2 AR 2 BUR K FTEERS » 38 MR P R S T B 2 Eh Rt 2 B
OB RS BAR > 2 IRREE N B RS AR BRI A A0 A > B BN B R A i
b LUHRAE R 1 2 BRI LR -

TEA B EE R R D 2 1% » 22U TR i 5 Fre i 25 B B AT i e R T 28
—MH B i e — R SR > IR A 47 BR AR 5| SRR T I—1R [ < 2009 4F 'Y ouBike
(B E ) ok E AT BURAETAE AT B TR HA B > 2011 FRERHEHEE 2T A

S E AT E A SR AR E R > RS 2017 SRR 400 JE YouBike 1.0 FHIE G -
R TR RIS 200-500 AR IRFHIE % ZE 90% &AL HAES < 2021
YouBike 2.0 IERPA2ZILTESE » [7H YouBike 1.0 SA#HY 400 JEFH LS 2022 4 12 A
FEIE AT HIE TS YouBike 2.0 FR#f7

1R¥% 2016 FZILHi AL H 1T HFH UL EER » SEEREIT S 6 TEEARIEE L - F
TR 15 17 5 A5 U R E A YE > R 5 TS0 ) PR M R 5 A A ERS AR Ady » AR DA B HIEE
A% EEIERE © 1L.LL 3 A B L% se e T - 2. R bR B IS R 5 & - FLL
TYIRHRE B (1) FRERCEESE B RE - (2) FEH s EE A EREE
SEFRTEM R ERE - (3) FRE AR S H1B e ikiE - IIEFZ YouBike FHISUGAIAHE

EERERE  BEARREAZELRET » AHFLREATEZuE > TH
I FETE B Z A R o

6 AHRR : ERTREF BEPLATHRE (XBLZBETEERE) o

T RAFEABH > BRE 2024 F 8 27 B 0 A 1448 1AL T - R B ITHE LR
186 18) ~ & ANMERRE (5818) ~ F.LE (16018) ~ A#E (169 18) ~ 2 &
108 f8) ~ £4#kE (12818) ~#LE (8818) ~ FER (12218) -~ LiZE (96
/) ~XlhE (9718) ~ XRE (6218) ~@m#E (9118) ~ &¥E (8018) o
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SEBEHICT ~ RS EL ~ BRRL ~ INILBERR - BRI - AR RTANL o B bk
EHEHIIATH3H] > YouBike BLENERE IAE &H A HILELZOE » BIMAZEALEITHE
BN SR SR A B SRR R E A SRR Z BT - (S — S Mgt A
HE T B HHE AT AT 2BUARERRGR - EEMIEEE -

LAt > 1138 Yen et al. (2023) ZHffFEE R} - LT 2020 F4EHE ~ 3H ~ YouBike —
TR ARSI LB/ HIRS © 60.3% ~ 37.2% ~ 2.5% © 4HFFCIRHEHT » /A AR EE 8L
VRO L PG o NEAREEAE A B8 YouBike ~ HEE.Z HRIBAGR - KL HHHE
BRAEEZRFFE.Z 91 - Tl EBKAE YouBike FIFEE Z [FIRIES 12 MEH T HHS S5 MY
FHRFEERIRIE - YouBike BN B2 [HIRBHER T » (772 dci LIBRIERy A 1Lk -

—

AWHCERBHEE RS T 04T - (RIFERILTT 2017 AE 5 HZE 2018 4 4 FHZ 319
YouBikel.0 BEESE FHRIEAE A 7 (1-12 A ) EATEH R T LIE OF < T HIBI I SUER Kim
and Cho (2022) ¥RATEHEERHET A3 BT BB R SPOE R A BRI T 04 » BN
AR A LUBHEE R T A3 B AT B ] Z AHBRA ST -

AW E AR E BRI « E ok > DU E S R A AN A ErRa SO e 2 B
SR (R 22 PR REAH B BUIE A ) > (53T #] YouBike FHE & 2508 - B35 AE A E
BRI b A At AREIRF SO B B 838 (R A aHRE ) - LIRS
PSRRI (32 > BatR S A RESUR IR 2 S TR E o 2 RERSURR I %
SEAEMEME » B LL Hausman and Taylor (1981) Ffi$e & 5 —FlRE B AR AL T
at o DURI RS 2 BE A A 25 JE e B\ B AHBR A B B3R - bt - BR T ol =R 5T
=X AHFSEIRF pooled OLS ZAlEHAsSRE M Ek 1 - MFZRIZH] » dHR (& i esd
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i

.2 VIF (variance inflation factor) {i » HH/m i 25 STALARMERRE o S IHE RS MR AIK
FEat BT o

(—)EEMRIERY (fixed effects model)
ARG 2 [ BORAERIE AN T

logUbike_out, = A% + B logmrtout, + B -logmrtout2, + B;F rainday,

+ B temperature, + B temperature2, +e, (1)

Kb i BUGERAEE - t B AR > o BULELZFHEERA - RIIZIT > YouBike Z
FHIERE (logUbike_out » CLHCHT B ) B 12 FubB 2 RAR B 29t » B RaE
TR AR (logmrtout » CHCETEEHA)  ~ HIBGHE AR — K (logmrtout2 » CHUAS
W) ~ TRNARHL (rainday) ~ %8 (temperature) ~ 5@ K78 (temperature2) 2
OE o I > BEESCREARTESHIR A AR (T~ i) B8 T » 704 YouBike
{56 P 8 BB H B N T BRI < AT » [ RE S8R AR I — 20 7047 YouBike BB
FEGGZ BREE ~ YouBike B/ HUAHRH 2 H 8L ~ YouBike SiEGART T E BN (400 : 22
1) FREE A ETRE R -

HREE ST » ARSI % P E A U THTR B BGk 2 5 R A T - (1) okl
S B RBZ > YouBike BEENZFMERE#Z » KL YouBike B A thBh7e MUk
Kt —MLZINEE 5 BLIt > AFRFEMIA G AR RIE L (RIREREELGE I 5E A
% > AT REE B FER B R BRI ol (T8 BT AL > R B Kalbg s ) o
HETERL YouBike FHAL S REE HEE i i A RIS IE - (2) & H T IRARH
% > WG YouBike FHEE TRE o (3) RS SR —RIHM — JUHRERE » FRIRFGEHHY
FURAERR T YouBike HUFH{E & - {H (KB SR L HI %K YouBike FHE & -

BB R AR B 55 R IAAN T - YouBike V25 FHE RE (logUbike_out) LA
JeFEEBE G AR (logmrtout) ZJFARE R » (REHEILTHAOERATRHE - KRB

(10)
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(rainday) Bil5gii (temperature) Z[FAAEFHNE &AL AR RN - 77 H1EHR
YouBike SSESATETTEUEL T MR BEL R » S L 3T 577 ORI a% 1 7B Hh 2 E2 A
UbE— A0y HAR RIEIIAE % » HCELZ R » Rz TR B A P 5R0R E -

(Z)BEHE S ERIERY (random effects model)

FRARBNIE (1) 112 5, SHRIETEN RN AT - URBRIISER 2 R
. > SEMARBERIIER L2 B (T (@) o TEIEE | 280 S - A
e 2 B R ATT

logUbike_out, = 8% + A logmrtout, + Aflogmrtout2, + A logmridis,
+ B mrtdxmrtout, + A5 logbusdis, + A5busstop300,
+B5Enearbusling, + A busdxnearling, + A5 university500,
+ B highschool 500, + A rainday, +4f5 temperature,

+B5 temperature2,, + (U, +¢,) @)

2 (2) FRRERSCR R fR g B » B 76 2 ] SR R rh 2 B R B 2 4
IR T BORTEEIGEERE (logmrtdis - CUCE SO ) ~ FEENG HuGHE A\ KB EERE 2
AZFIA (mrtoutxmrtdis) ~ BLET A HEEEREE (logbusdis » CLHCATELIEHL) ~ YouBike ¥k
Bt 300 AR EEIAAA B EEHE (busstop300) ~ BTN HULER#REL (nearbusline) ~ 2%
Ui I A B N UL B AR A2 e TH (busdxnearline )~ 500 2% REEE A2 A K EE

(university500) ~ 500 2\ R #iERE E&A mHEEH (highschool500) S###8L
WE PR S AR % SRR 1 S B TR R B R % 2 %5 BRI AAN T - (1) BoltE

8 http://weather.tp.edu.tw/school/weather.html » B &7 3% 48 35 €4 L8 4 o

(11)
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T
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VL PREEBOE o YouBike UEEEZ ISR ELED - JRENEREEE (X YouBike 1HBI5ERAR K
Bt —MWLZ IREVE © (2) BEHUSGHuGHE A K SRt 2 A e AR 7 B » Rk ik
AKES YouBike FHF SR B IE AR » ErbE BN FEE 5 LUK > YouBike 53|
B REEGE R EEE YouBike FHMEERCEM B AR - EFEE FEEDS U A KL T M
RERHER B ASOR © (3) PUIHZY HUAHRRA B S 3w P 3 - IF DA AR A Al SR T
A7 e A HHBEET 3 o LSt > 300 23 FRUHEIEIA 23 B RRER ~ Bt 20 s B AR B S B P e
Fu et al. (2024)Aft{i 1.2 T2 HARFSSEAS | 588 - (4) 500 3 RAGEINA RS ~ Sk
YouBike Ui Bl Z FELAE R EE g -

SRS B R R BT 57 SCERBAATT © YouBike ~ $H58 ~ /2 HLZ BT RHRHIAS
Wl T mER R A A Ta LT EEEER > FIFE GIS i e &
% > ML oiReEt RO R fEER ZD1TEERE (logmrtdis) ~ Bl A #uE 2 B1THR
it (logbusdis) ~ 300 23 RAEATHIEARY A HUEEE (busstop300) o fiff 2 UG EEAREN

(nearbusline) HIIZLL google map 4 H Sl EHE » DA T 720G HE S G2 K
TN BEREHRIY o B2 BB RMRLL T2 ERRTZ ) Tt 2 2SR
srnlEl - 3 500 A FUBATHRIBINR &H K ~ SHeEH

(S FERARREEESHEIIEE

BRFCBERE S RIS & B 28 E - EE T BRIEER 7 o BT - (S 2P E 1+
Zi{5 A Breusch B Pagan /#17.2 Lagrange multiplier (LM) &7 (Hill et al., 2018) » f&7E
X (2) Hu ZBRBGEAREE RN 0 HE - FERSRIE AT IR @ nl sefthEZE A4
PEAYFETRE » JRED > (EESAYRE R SOEUR u, BRI b 2 R B BE AHBRTE - R ErE
BB AN 3 N B —Zu (BIEE RERA N RfFERAR) © Hausman (1978)
i € A DA bt P9 A= 1 ] RE A B e s R A 2 A 3 2R 5 R 56 o o M i e
Hausman i€ » RIS E SRR 2 (3 TG R & R IR B & e

(12)
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(PO)Hausman-Taylor {23

EFF IR » ¥ T Hausman #gE 2R Ty TER) 80 MRAH ) MR gl
PSR v, BEAHHRAME (Baltagi, 2023) » FF2% HEEMIEHERAINUUS TH7 ) fkesd
By, SAMHERNE > (02— SR M Hausman € o AL R FRE B8R 2
iF TSR > WIS MEEAT RRER A b2 B B R B ARSI B3I » Hausman and
Taylor (1981) $&H! 75 —FHBERSSCRIEAY (Hausman-Taylor £/ ) > Ho 3547 g fess
S5 B AR (S RS S R AHRA - Sl HL AT DUBCAAE ] R 25 SRR rp Sk 3 A AN IR T g Loz
fifpfeEsg il (Baltagi, 2023) ° Hausman-Taylor 1570 Fir{si A 2 Ji€ s i Bl 3% TE i gt i » Bl X
(2) ZREHCR A

Hausman-Taylor #5412 — e i 1 A Rl b A RS A g T BB Bkt /71 (Hill et al,
2018) > HIELAHAUL AR -

yit = 181 + Xit,exogﬂz + Xit,endog B3 + Zi,exog B4 + Zi,endog BS + ui + eit

T g B oy R PO

Kooy * PEIRFHIBLERS L Z SN EW > X, o, DERFTHIBL(EREB L 2 P A 5B
Z, oy © IBERFRIB L Z IV > 7, ¢ ARERFHIE L2 PO 588

Hausman and Taylor (1981) LA X qeq B0 X anog £ LEHEFE > LL X, g0 B X, o0 £
TEBH > LUK o U5 Z, oy Z LEBH > Z, o FTHSELE O T ES - 15
B w R o AT R SR E BT

it TR fhEHRE R > JIL— ML/ VE 51 (generalized least squares,

(13)
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i

GLS) ZALEHEAL » AN FR -

y; = 181 + Xlt,exog BZ + Xlt,endog BS + Zl,exog B4 + Zl,endog BS + ui* + ei*t (3)

FHERIEE L w 05 » 20 (3) W BB e 2 TR -

W, = w, ~ G, a=1—(ff T
6. +T.0;
> 62 =RSS/(N —n) » RSS F3lE7E R R 2 FEA27F JT I » N BB Rt E B2 Zal A
o n BRI EREE o 67 HIR T E0E E — (R P MR L B Bl e e 7 LUGET
ATHIET P 2% Wooldridge (2010) °

TERRETER RS EBE IR E R T B e AR rhp Seag i i P9 A A DR T i R R ]
L ZIMEBEL ( X, o0, ) B WHEDHEBARER M Z N BE (Z, 0 ) B
o PRSP A IR > AU AR (2) BRI b BE (S 7 R u, SHRL
Ry SR R HLBIPT A R R (T Pearson TEZEMHRAMRE - TSR U, B
logmrtout ~ logmrtout2 BLJ% rainday = f[fiff s B =LA B AR AERA - RIS bl =32
SE Ry A R #ET Hausman-Taylor 181 {5t -

LR EEEG A (logmrtout) LUK FRIKE (rainday) FAAESEELZ &
BRIV o AN FCER s REE G ik A\ 13t 50 A R L RS 2 — > ok AR R
M FTREA @ RS ~ EE s 2 B0 BDLIES) (40 : phlEl) > SR mEE
FREE 2R ARAES > R EZ I A iR KA Al B YouBike (0B 25 —WE.ZIIRE »
T B4 755 T R AR S (2 et — LD BE o BERA I » -0 {o6 Y o [ IR 5 B H
AREAK YouBike FHfE & » (A HE AR A 58 o [RI9E » -3t S .2
Hulm > HAEEGA YouBike 8 M 2 iRR R ZE FIWARZ B MBEE TR - K
N ROR B 3 {50 P 568 R 2 R R 7 A 7 SR VR PR REAHBAME » (815 IR BR R N A4 8, -

(14)
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— - HARER

AWFFEER 2017 5 HZE 2018 £ 4 F (3£ 12 {fH ) Z YouBikel.0 ZAATTHIEE K} »
BB BFHRHZ AT AE R AT o B ERA — BRI R - AT AT e R 4R
FHLE FHATRE R 72 BL i 22 2E W BIRESUR « B4t > 12 YouBike 4B ErRams A Witk e -
KEFFRER 2017 4 5 ARTE SRR~ 319 1 YouBikel.0 UGBy (HEMImI&ERL) - i
T 319 BB R — R Z AR B R B — A 1) 319 uhBh 2 SEHFRME XS (REE) - LA
R FEEG HIE AR ~ A R AREEE SR SR 2 B R (B85 - Bak—mES
319x12 = 3828 tR AL ZEHEE K} (panel data) » HHERZRIAIG 319 BhBLET 12 XEE
W2 5 o TR 2 E ARG T R AR 1 -

PRI 2017 5 5 H % 2018 4 4 HZ YouBikel.0 fHIE&EEMEH & T LU SR < 5
— » (5% 2 A4 » YouBike B#fhS 2012 4 11 A 30 HIEZVE % » FRKSH M ARk 2
MG 0 R 2015 4F 4 B 1 HEUBS AT 30 /08 Tg) S8 E » i Es8dsi AR ANE
TR s ok RBLZWIEE R - 2017 48 5 H 2 FHLFH R BB LG EEHGE Wil AR 8L - 28
> 2020 - 1 ABAIAFTINA YouBike2.0 M2 &t - A 2021 - 4)FiiA K B E 2.0
HRE 5 B2 1.0 B2 2.0 BUMEMRE A HIb BN A—80 REGEEREN T #EES =
T o SOEHMMEITE - 5= 0 RETEAE 2020 £ 1 A 21 H#EEZEE ] COVID-19 i
PZIE%E » ZEEAIAEA COVID-19 ZBEREEL » P RFE AN ES - gued L
AAHSEEREATTR (Kimand Cho, 2022) © 7 FRTn] LLEEET » 2017 45 5 H % 2019
12 A% YouBikel.0 SAffEHYEERRE BRI - HAREZ Hih S B 8m TER
SRS AR BT R AT £ KA 2R A 2017 4 5 F %8 2018 4 4 HZ YouBikel.0
FIEERL » ira i At BT B PR R (RS ) Z BRI » B —E
TREZGH -

9 ¥R B (2016) FFARAR @ BUEME AT 30 042 R B HeiE 0 B ARKREIRY 43% 0 F
BB &Y 14% » 48-F35 8.V 26% ©

(15)
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ok

&1 B -BEREERREE

LA B 17 H B SE AR < BRI - SEH

BHEE T = 98 1Z2¥E RIME  RAE

Ubike_out  YouBike uf 5B H #&FH & x 8 5,262.51 4,636.81  1.00 38,414.00
(R) -

logUbike_out 4 Ubike_out HiC} gl o 8.21 098  0.00 10.56

mrtdis YouBike UGiEGELTHEEE 2 67661  659.19 410  4520.00
i (AR o

logmrtdis 1 mrtdis ECE S 5.86 142 141 8.42

mrtout YouBike %5 HEE G B A Y 686,814.6 508,777.1 51,120.0 5,403,578.0
AR (FA)

logmrtout W& mrtout HCHT B0 o 13.22 0.69 10.84 15.50

logmrtout2 1% logmrtout HXZF 75 ° 175.31  17.991 117.55 240.33

mrtoutxmrtdis logmrtout X logmrtdis - -- -- -

busdis YouBike UhiEGEREGE /A YE2fE  107.00 73.31 4.00 475.40
i (SR o

logbusdis 15 Busdis HCET EiiEi - 4.43 075 139 6.16

busstop300  YouBike Uik 300 23 REIEALL 4.66 240  0.00 13.00
R

nearbusline  YouBike ¥%iBhiRT 28 HGE /N B 9.84 834  0.00 42.00
FRE (300 A REEEA) o

busdxnearline logbusdis X nearbusline -- -- -- --

university500 YouBike #iE5 500 ARAZEEHE 0.08 028  0.00 1.00
KE: o (JEHs - H 1 M
0)

highschool500 YouBike ¥4#5 500 AR A EH 0.21 041  0.00 1.00
m R EE o (o i1
I 0)

rainday YouBike MWEGFTEITEISEH T 0 12.89 431 5.00 22.00

temperature  YouBikel.0 VEEGFTE{TEEE H  23.52 523 14.45 31.41
FiggE (C) o

temperature2 % temperature {75 ° 580.69 242.64 208.77 986.59

(16)
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I 2 =]t YouBike R#fEEEE COVID-19 BIEEEHMEHEER

B R YouBike £2 COVID-19 EEEE RIS

2012 £ 11 A 30 H YouBikel.0 fH & R = A

20154 H1H B FERT 30 47 8 22 AL i B 2 AR MR - SUBIE T 2
57T ° &% H B AR BIKIE N 20%

2017 5 A (] 485 7 e S i s T FEL PR 2

2020 1 H 15 H

YouBike2.0 SRACHS G 2 B Ul e [ V7 S OR B2 i [ e A
=1 A

20201 H 21 H

5 2] COVID-19 fEZ{H %

PR AR EARE 2.0 BAE - MWV 1.0 A8 GEIEINIE 1.0

2021 F-4J) AENTHMT » iR Fruh B 2.0 WO 2 R LU 1.0 4
SETTHU)
20215 H8 H YouBike2.0 &ff IE X AEE AL 88 &

202212 A3 H

YouBikel.0 A#fRE; » 2 H{#H YouBike2.0 A#f

2023 FE3H 20 H

AR E B F LA T COVID-19 fEZ2 B

BRI - BE MR TR TZACTANETEMERT, ~ TEERIREREN 2

B -

(17)
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i

— - BENREE

[ e FER A (K1) ZEEFHREREIRS TR 3 (A1~ 2) - A 1 RIFRAY
2 WY " RIEEB R - LI THERR — JORE L T EUERR SR - A B T
TLHARME (multicollinearity ) FYFFTRES A {4315 SR e £ R R » ARSI RA th
BB R IABAAZ L IERER Sy B TEH (centering » BURBAZHLAL ~ 7R ) Hy S B
$8 s (BN E 25 A {1 A ) SRR F 25 5 EL I Z AT 5 53 TR 25 4% E R 3 3 - DRI 1 A8 B
(centered variable) AU EER 0 o s E0E iyt 2 3 HA P 225 Hamilton (2016) ~
Mehmetoglu and Jakobsen (2017) ~ BREEEL (2017) o BbAb o & A2 GRS N FE RS B
FESRRE - SBT3 R A A B PR B Y NEREEE S AR R R o
REVEh ER 5 R - GIa0 - L0082 BT R T80 GRESE) FitH
PFEBIRH BB ) -
AU 2 fifi RERAE ST KRB SSRIRAT BN A T » YouBike BBl HEHE L,
HIBEHEAZR (logmrtout) #4° YouBike FHE & A IFH RS A IE MR » (HH ZRIHEE
(logmrtout2) WiANEEE » IL = RIAZAGEHE R AT EREERS © YouBike MfE &M R FHE
;UG G A S > QS ARE A8 L PR S > DU S B e ER b b R Wi 47 5
AME (AITE BT A > BRSO ERR S ) - &R YouBike FHAE BFEZHEEA
VAT RS I EORIE R BT 8 4 - S 2 IRWIRARY » FEEBEHIE AR > YouBike
RS E /TG IRE RIS E M o JLAOh - MRV E B ik AT 22 L2 A5 SR ATAS AT - FEFE ]
R BRI G ANEE T > Bl YouBike il Bl [ HEE L HIVGHE A BN 1% » YouBike FH
HEGRE M%) 0.594% » Ktk 2HHEEER) T EMRAGRY o

(18)
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®/3 BEEMREEHEMRIREESEER (B2 logUbike_out)

B e B R IEE
feAl 1 fRAl 2 fel 3 1R 4
0.993*** 0.721*** 0.538*** 0.427***
logmrtout (0.092) (0.095) (0.055) (0.053)
0.057 —0.045
logmrtout2 - (0.070) - (0.033)
] —0.300*** —0.316***
I td - -
ogmrtdis (0.026) (0.026)
mrtoutxmrtdis - - - _(8322;**
. 0.055 0.062
logbusdis - - (0.055) (0.051)
0.008 0.011
busstop300 -- - (0.017) (0.017)
: -0.003 —0.005
busl - -
nearbusline (0.004) (0.004)
] -0.002
busdxnearl -- - -
usdx ine (0.006)
__ 0.637*** 0.636***
university500 -- - (0.126) (0.127)
. 0.106 0.095
highschool500 - - (0.090) (0.087)
. —0.017*** —0.023*** -0.016*** —0.023***
rainday (0.002) (0.002) (0.002) (0.002)
0.020%** 0.015%** 0.019*** 0.014***
temperature (0.001) (0.001) (0.004) (0.004)
—0.004*** —0.004%***
temperature2 - (0.0003) - (0.0003)
y 8.424*** 8.591*** 8.312*** 8.527***
TH
EER T (0.024) (0.043) (0.085) (0.086)
RS ) 319 319 319 319
MLV EFIN 3826 3826 3826 3826
Prob.> * 0.0001 0.0001
<0. <0. . :
(testall g =0) <0008 =00t
Prob. > 4°
rob.> y - - <0.0001 0.0002

(robust Hausman test)

(19)
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i

fE 1 P RIRTE 99% {5/ COKHEERIRER  »*ZURME 95% (5 L/KMEZRIRAE 3 (L
90% f5/LoKHEEEIRE

it 2 ¢ [ R AR (R EHR PG A P BB E R AR ERR - B RRSSCRAS R 2 (R B Hh FE 5 A
BE Py st AR HERR § SURKHh 2 3R ME = (R RS RV Mg e B B A BRI - [
AT FEBE I RS TR F A8 #) (robust) il 1 T E RSN #E 62 (cluster) FiMEE
{TIRMER Z (Z L -

BEoh - MRBEZE 3 2GR - TRIAE (rainday) #SFHII—K » YouBike FHf B &1
I/D# 0.022% - TibEE %R (logtemperature) 7+ » YouBike i f B/ &R & e » H
e EA —2RE (logtemperature2) FURHZE B HSER » Fon—HRREER » YouBike
56 FH s AN SOl 5 LS SRS T — (S PR IE I > & SRR R R &R - R
FERERBE R AL BT HLZ ATRENE - B AR E R G B A 2R 2 F B EiiE
HUR YouBike BB EHREE 22 FSUR (RFZEEEH) - RIS R A 1 T
gt BA E R

— - PERIRE

PR [ E BOERAY > FEREREPCR A (20(2)) AT DUT 2 S i pe s 8 (X1
ANBE IR FrT A { L Sk SR E ORI A ) o £ (1) KBHEES » AT YouBike Uk
BB RS 2 SR (logmrtdis) > DU iRc/s PG USR8 IR ~ FEEG R e 4
ZZHI (mrtoutxmrtdis) © {E (2) AHEST 0 MIAT YouBike ¥fiBh BT /N Hiuk 2 R
#ft (logbusdis) ~ YouBike ¥hi%fi/&8 300 23 R #GEIA A Hu5# (busstop300) ~ /A H
UhZ N SRR B (nearbusline )~ DUR fi 3 2 B30k 2 i it B 2 WL R B0 52 LA

(busdxnearline) ° 7t (3) T3iFERERS > MIA T YouBike ¥hE; 500 A~ REEIAZSGH
KEE (university500) ~ 500 A REEAZSH S EIEF (highschool500) 55 Wi E

(20)
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BEPR S AR AL 2 TS R AR 3 (FRAU 3~ 4) - &AL 3 (RIGIHEAL 4 rhiy — K
THELAZ B RS EERS » DLSRATRERS — XIS 2 T BB R E TR - B 4 2SR
(1) FERPHREEEL Y > BR T 15 2B 2 FOREA R E 945 R 294 > 7R3 B YouBike 556
Bl i a2 PR B A R R B mRCR - 7RRN - SEEEHEELLEOE YouBike 3 & JTRE
Z TR R SRR S PR TEIV Wi H > SEEAAEHIE (mrtoutxmrtdis) FREE RS2
BORATHEE > FEELG S A ZCE YouBike {8 F & 28N IR SR - rbE FRAENS T
B LUK > YouBike BEEELEEEGLIREEE YouBike (i BB E IBUR - GFEE HbE
ok B A ZCRRSE b T B K BRI B U © (2) TEAHERSY » ARFSCRT AL BLEEE Y
(A e REage B > 2 TRETRREAE AR RS R BUR > RUR AR IIE E — 2DV RS N oA
BN AT HLZ R BRI © (3) /£ LM HITRSY - YouBike Uk EfigEHE 500 23 AR #
HREE > ¥1% YouBike {1 & A REE LM% » (HEH A S HEEH » Hp B R AR
R o (4) TERBNRCFITER Sy > 153 B[] e SRR [R5 R

SRR EEIRE » 5% 3 FR/REERBER SRS AL I R 383 Hausman #87E (robust
Hausman test) 1°» JRE] » YouBike BhEEHIBERE 22 SEGCR o, BRI AR ALy n it B 2
THBAVE > LR RE s A PR R A R 53+ 20N B — B » E— B ERER R R
RIS HISE B r] Sk 2 fkd R o

10 oy 74% 1% 4 Hausman test € 2 & F 7 A8 B B B P R8s WA B e SEAT I AR AR AR A
ZAEHEE » A %% (robust) stk HARM 9K E (cluster) 4FHEMEATARERISIE
sbARFF %48 1 Wooldridge (2002) FT#E3% X robust Hausman test 4748 ©

(21)
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i

= ~ Hausman-Taylor 2%

% Hausman-Taylor FR1a] DLAe il o fire F s M B R B (I B R AHBR » AERALBR T
b B3R R IR L A B B B S AR 2 S o IR ASHR SR X (2) Rt
SRR rh 2 BB R (SRS R u, 3 E B 7 R % » B P A R S BT Pearson HUTE 72
FHBARRTE © 16 A5 BT u, B logmrtout ~ logmrtout2 LUK rainday — (&l fe s 55 BE
FRVEFERE o DRIECAS bl = 58 s e R N AR 38 B 1T Hausman-Taylor f8 2 {3 ©

Hausman-Taylor A 2 (L5 BRI ER 4 (ARl 5~ 6) » 1A 5 (RIIGHEAY 6 th
() RN - DURATHER — RIE s L BRI - B3 6 23 1S SR
7T > Hausman-Taylor FAUS S BBEHESCRIER (Y 4) [RIERIRSR CERIFEZETREM
SBHHIE - BB MHE —80 o EMEHREBUEE A 225 o iSO B2 A
(] & BRI A HERRHE R R AR Z 20 (MR ) RIASCEE T AR E L E R LR
B BB RS Bl Hausman-Taylor #5281 » {725 (14 i (R B B A e [ s RS R 2 i SR

i b FUBOR U, BRI R R B BRI - TERERARI - [ e BOR BLRER
R 2 (A HERERGE B (Hill et al,, 2018) ° MifRIEZ 5 Z (G HRBIEENR -
Hausman-Taylor 1587 {itiZ 1 (R 5 f5 4230 [ 8 SRR AL 2 8 3R o 7F et Rk Hi sk A
X (logmrtout) 77T » & SR S R A HU (R B 72 FE e KA 8 > th R AT S2 e 1 220
o8 — + [ € SR8 Hausman-Taylor fAU 2 {3 HREH R 0.72~0.73 » {HREHSCR
TR ZAEHREGORS 0.43 < FE - REMBISELZ LG R =R PO BT 5 T
R R B = (B FR R (3 (R BSOS — B0 BRI —0.023 5 SAIRA BT TH - [E e R B
Hausman-Taylor #5717 {3+ REUEHIRS 0.015 » iREHS R (G HREHI RS 0.014 3
SRS B ROE o = (AR FR A (G EH R EIAEE — B0 BRIR —0.004 « BRI S >
Hausman-Taylor 527 {314 5 B[] & 5 R AR A8 s — 2k » 3l HLE2A n] A BE iR 8
bz S B R o

(22)
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#+ 4 Hausman-Taylor {2EVEBHER (BB 2 logUbike_out)

1=E 5 =8 6

RE pfE REY p fE
logmrtout (g:?;f; - <0.001 (8182; ** <0.001
logmrtout2 - -- (8:822) 0.524
logmrtdis ‘(g:ggg; - <0.001 ‘(83;;;** <0.001
mrtoutxmrtdis - -- _(8:838;** 0.001
logbusdis _(8:82% 0.931 (8:852) 0.689
busstop300 _(8:8(2)2) 0.762 (8:822) 0.890
nearbusline _(gzggé) 0.799 _(8:883) 0.376
busdxnearline - - _(8:88% 0.686
university500 (8:‘132‘5‘; = <0.001 (8:%2;** <0.001
highschool500 (gzigg) 0.119 (8:332) 0.100
rainday _(8:8(1);; = <0.001 ‘(8:8(2)2;** <0.001
temperature (3:8(2)2; ** <0.001 (8:832; ** <0.001
temperature2 - -- _(8:883:; * <0.001
F I IE (g:i’gi; - <0.001 (gjg?;** <0.001

Prob.> 7%(9 Prob.> »°(13
(test aII;(ﬂ(i i 0) < 0.0001 (test all ;,;i(: 3) <0.0001

11T B 2 S 319 319
HEERA L 3826 3826

Rt R RORAE 99% {5 LK MEE B s »* R AE 95% 5 /LK HEE EIRAR : *ZITAE 90%
{8/ LK EE BIREE o CRECR SR A B A 1 E R R SR R M T B IR 2 AR
HETR

(23)
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i

®/5 ZHEERE (KRB 24 6) QHAOEESELEHREELIR

1RE 2 1RE 4 &8 6
BEEWR PEtR R Hausman-Taylor

logmrtout 0.721*** 0.427*** 0.730***
logmrtout2 0.057 —0.045 0.052

rainday —0.023*** —0.023*** —0.023***
temperature 0.015*** 0.014*** 0.015***
temperature2 —0.004*** —0.004*** —0.004***
R IH 8.591*** 8.527%** 8.498***

At o RIRTE 99% 50K HEE RIS

RIEZ 4 (BRI 6) 2 Hausman-Taylor IR EZERE R » & logmrtdis (FEHLEERAERL
B FE SN > FEELE I AR 1% » FHHIE YouBike FHIE & &hE 210
1 0.73% = & logmrtout (HESL UG NRICEE) S50 H & T I980R » YouBike Bh#GEd
FEEGGIRRE TN 1% > FAIITY YouBike FHE & &FE 23D 0.317% o B » [HEHER
& FEEEHIE A ~ YouBike 3B B E GG PR RS R < M A RIS AIER > £
(1) FEES IS AR YouBike FHE & ErFE 280 > (HAF BLEE UL EHER YouBike
Uit » HAHAE B S2 Uk N TGN B R D 5 (2) FEEUEEREEMNN > YouBike FHIEE &
BE. 28D » EREERS HIE A K2 1) YouBike ShBh » HLFH 1 &7 A I 2D 3
% o AR EHRBETE > & logmrtout ZEHAZFE IR (6778 FEEEHIBE A GRS 552,662
AZR) > YouBike B BLEHEGEIERERT 350 A RIRE - FEE NG AKX E YouBike FHE &=
BRI 0 « B—771H » & logmrtdis A8 (F1 YouBike BhBE BT HS IH
AIERIRS 350 ZAR) » FEEGGE F HISE ARG ERS 552,662 AX » #1i%ihEE 2 YouBike f
RS EA B ATV ENCR -

P AW IS BN B AH B 2 AR B > R & BIRHRS KHE » R E IS
SR A PR U L 2 T AHBRTER) & FEGERR - H RiEee B UG HRELZ IE BRI IUR 2 &

(24)
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FMEITEERIA > EL B YouBike BN HIBRIHIE Z 5347 » HHHS T — N bR 1t - (1) B
O /S B HERE (logbusdis) ZARENES IEME » #ov YouBike 3ihBHEE /N ok BRI
YouBike {5 Ffl & {718 » B/ /A HEL YouBike AIREFEAE M3t BAI% 5 (2) 1M YouBike
ULEL 300 2% R R R FHIEECE (busstop300) ZAREURIEME » 2R/ HIGHUEMS -
YouBike {5 F &t [ #iE » ST/ BB YouBike FIRE [ ELAf 1 B T3t ) BRIREIRSEAE 5
(3) B YouBike BB T A BRI (nearbusline) & (REUES B » TR /8 HhRE
BB > YouBike fif FH S (A EUK » BER/AHEL YouBike AIRETFEAE THEF 1 BAGR o A4
AP RARERE » J3LE AT REFFER BRI A R R K e -

Bt% » (E T HIBEATER ) > YouBike Bi%G R 500 A R EEIAE A K » $2 YouBike
[ B B A2 KRR RIS 0.6% Y YouBike FHIE & » {H2HH i
H BRI R

PO« NESAERRR B E—H DM

HHA AR 6 2 2% HAH BR A R A B e 5 B REE K HE > A ERAIELZ A DL T i
JiRGE— P HRER N HL 8L YouBike (] ZBREHIE © 25— /53X - (il D e A R 14
HIFERE (% » BUER A HAHBAB RS TS R 2 L - 3T AR ARG RS T e R 2R
7 o AWFFTERERR DT TREEERRE ) S P - (R S I N REIy Rl 2 B
AR AU SR AN 7 2L 3 i B R 2 A PRI

55 YT AN ST B B G ] 55 M i B i G I [ - e {5 FH % R il
YouBike HANELZARRE » KILSCHIF BB G < B - 1% YouBike BhEtES TRfE R -
FREITRAL 23T - 3RET I VB HTERS » JETEREE] YouBike BRZANHINGZ /FE BREE
{2 YouBike #H MRT b2 7P (3% 1 ZENEMETR ) ZACmIRERE: » 3F %R
AlE MRT it bl /52 23 SRR AR ARES aE 18] - (A1 REE 5l MRT Sl g R -
{50 PR S L BT Rk AR P REE A AN[R) 2L

(25)
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i

T R 2B 6 (SR 7-9) o 11 7 B > BLALEDS 2 JERE# R (logmrtdis)
RANARAURS » B2 YouBike BBl /A HBiEAREL (nearbusline) Z(REHEE E(H (%
LAl 6 Bl 8) o HIEFIFEE/KUE (p=0.037) 1 FREL A ISR - YouBike
{5 FH A By 5 AT S BRABRES A R T BB, & PR s e ik i 2 B
KHE (AN 6 B 8 ) o ASHFSCR8 5 B AR SO o P AR R mT RES IR CER
TP BEARIIR S 2 N R R B AR B S 2 R > R — H RSB YouBike B H0E
Z EAHRRAGRIE » BMEE/ A HBL YouBike HAA AHBHR A S MG MR rh 2 BUREE

R 9 BT » 5 YouBike Ul Bl G EREE RS 800 2RI » YouBike Bl /iy i
ShERRESEEN (logbusdis) Z(REUE R &l (¥TELIEAL 6 B2 8) » UK YouBike BB/ H
SHERREELE > YouBike {8 M BUE - FUEZIBEZKHE (p=0.036) 2 o #HAERRAAS
R KR BRI PEEG M - REGEBESEREEHN A (IR EEA R
E A RME) s RIAE RS > 120 RURAE T A HERIEE R YouBike » /) RITE Hl5
3 YouBike EHEED, > (158 HBGBUER) YouBike FHIEE; 2 B E/ D IUFA(E EH#EA -
17 B R r g B S FLARRR LR o LA RN — B > R [RISh I A o A BN R
B > BN E A OB H 2 IR > DRI R SR 2 [ /3 B YouBike
JE TR B BORAHFRAR (R 2R A 2578 6 B 8 » logbusdis Z (REF EE -
MRA o Z ARSI EE) - TH2 RIPENERRE R YouBike £ REHLI B H: i B
2% (point of interest, POI) > ML BT ©

134 H At R BE 2N B MR 4K > nearbusline LB FHE AR E (p=0.031) -
12 04 J 4 R BA 2N B G MR K logbusdis X A E A E AR (p=0.019) -

(26)
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(FE22] logUbike_out)

1EH 7 15 8 =RE 9
RIEHIBEINEERE 1TEHEEIAEERE  BFEILEERE>800 ARZIEA
oamrtout 0.778%%* 0.723%%* 0.646%%*

g (0.121) (0.104) (0.061)

: ~0.319%** ~1.195%%*
logmridis - (0.028) (0.232)
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Relationship Between Public Bicycles
and Mass Rapid Transit System iIn
Taipei: An Empirical Analysis Using
Panel Data

An-Ming Wang”

Abstract

Public bicycles are a crucial green mode of transport that enhance the accessibility of a
comprehensive public transportation system. This study explores the relationship between
public bicycles and metro and bus services in Taipei by collecting panel data from 319
YouBike 1.0 stations between May 2017 and April 2018. The empirical findings are as follows.
(1) The number of passengers exiting a metro station has a significantly positive correlation
with YouBike rental volume, and distance from metro station to YouBike station has a
significantly negative effect on YouBike rental volume. This finding confirms that YouBike
serves a complementary role with respect to the mass transit system. (2) A significant
interaction effect exists between number of passengers exiting a metro station and distance to
metro station, implying that the scale of metro station exits influences the spatial extent of the
station’s effect on YouBike usage. (3) Four bus-related explanatory variables (distance to the
nearest bus stop, number of bus stops within a 300-meter radius, number of bus routes at the

nearest bus stop, and the interaction term between distance and number of bus routes) did not
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reach statistical significance. Land use and public transportation conditions in different areas
alter the relationships between various modes of transport. In areas farther from metro stations,
YouBike and buses exhibit a stronger complementary integration, whereas in areas near metro
stations, YouBike and buses likely exhibit a more competitive substitution relationship. (4)
Low-volume YouBike stations are less affected by temperature and more affected by number

of passengers exiting a station and distance to a metro station.

Keywords: Public bicycles, Mass rapid transit, Bus, Panel data
JEL Classification: R15, R49
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Extended Abstract

l. Introduction

In 2009, Taipei implemented a public bicycle rental system called YouBike. Initially
envisioned as a low-carbon transit option serving as the “first mile” and “last mile” connection
within the public transportation network, YouBike has evolved into an essential and distinctive
component of the Greater Taipei urban transit system. This study collects panel data on
Taipei’s YouBike system and related independent variables and investigates the relationship
between this system and the mass rapid transit (MRT) network.

This study distinguishes itself from the literature on YouBike in several key aspects. First,
no empirical studies have employed panel data to examine the YouBike system. The advantage
of using a fixed-effects model with panel data lies in its ability to mitigate endogeneity
problems arising from omitted variables that remain constant over time, such as built
environment and socioeconomic conditions. This method is particularly suitable for empirical
research on public bicycles, where crucial explanatory variables affecting cycling behavior
cannot always be comprehensively included in the model due to the complexity of the built
environment and socioeconomic factors.

Second, by employing the Hausman—Taylor model, this study integrates time-invariant
variables related to metro and bus services while also analyzing potential endogenous variables
within the random-effects framework. Using instrumental variable techniques, the study
addresses the correlation between unobserved individual heterogeneity and endogenous
variables, yielding estimates with consistency. Otherwise, the estimates of endogenous
variables in random-effects and pooled ordinary least squares models would differ
considerably from those in the fixed-effects model, leading to erroneous inferences about the
effects of variables.

Third, this study conducts empirical estimations by using various subsamples

(43)
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differentiated by metro station proximity and YouBike rental volume, yielding results with
richer policy implications. Research has struggled to analyze the relationships between bus
systems and other modes of transportation because of the limitations of Taipei’s bus smart card,
which only records boarding and alighting information (Yen et al., 2023). Consequently,
interactions between the bus and YouBike systems have not been explored in detail.
Additionally, the criteria for establishing public bicycle rental stations in Taipei have not
considered the locations of bus stops, possibly due to a lack of foundational research references.
In response, this study incorporates various bus-related variables into its empirical model,
offering a more nuanced discussion of the relationship between the YouBike and bus systems.

1. Methodology

A. Data

The data used in this study consist of information collected from 319 YouBike 1.0 stations
in Taipei between May 2017 and April 2018. The data were aggregated by month (from

January to December) and combined for analysis.

B. Model

This study performs estimation by primarily employing an alternative random-effects
model proposed by Hausman and Taylor (1981), known as the Hausman—Taylor model. This
model allows for some independent variables to be correlated with random individual effects
while incorporating time-invariant variables that cannot be estimated in a fixed-effects model.
The final empirical model comprehensively encompasses various MRT- and bus-related

variables.

(44)
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The model indicates that the dependent variable, the number of YouBike rentals
(logUbike_out), is influenced not only by station differences but also by the following
independent variables: the total number of exits at the nearest MRT station (logmrtout), the
quadratic term of total exits (logmrtout2), the number of rainy days (rainday), temperature
(temperature), the quadratic term of temperature (temperature2), the distance to the nearest
MRT station (logmrtdis), the interaction term of total exits and distance (mrtoutxmrtdis), the
distance to the nearest bus stop (logbusdis), the number of bus stops within a 300-meter radius
of the YouBike station (busstop300), the number of bus routes at the nearest bus stop
(nearbusline), the interaction term of bus stop distance and number of routes (busdxnearline),
the presence of a university within a 500-meter radius (university500), and the presence of a
high school or junior high school within a 500-meter radius (highschool500). The variables

logmrtout, logmrtout2, and rainday were set as endogenous variables.

I11. Results

A. Estimation results of Hausman-Taylor model

(45)
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Table 4 Empirical results of Hausman—Taylor model (dependent variable:
logUbike_out)

Model 5 Model 6
Coefficient p-value Coefficient p-value
logmrtout (8:32;** <0.001 (8:182;** <0.001
logmrtout2 - - (8:823) 0.524
logmrtdis ‘(gggg; ** <0.001 ‘(gg;g; ** <0.001
mrtoutxmrtdis - - ‘(gggg; - 0.001
logbusdis ‘(8823) 0.931 (gzggg) 0.689
busstop300 ‘(g:ggg) 0.762 (8:8(1’2) 0.890
nearbusline ‘(8:882) 0.799 ‘(8:88;‘) 0.376
busdxnearline - -- _(8:88% 0.686
university500 (8:?2;‘; ** <0.001 (gzﬁgg;** <0.001
highschool500 (g:}gg) 0.119 (8:33(1’) 0.100
rainday ’(88(1);; e <0.001 *(8853;** <0.001
temperature (8:832;** <0.001 (8:832;** <0.001
temperature2 - -- _(8:8832; * <0.001
constant (g:fgi; ** <0.001 (g:‘l‘gf;** <0.001
Prob.> #?(9 Prob.> z?(13
(testall 2(:)0) <0.0001 (testall );’i(: 3) < 0.0001

Number of ind. 319 319

Number of obs. 3826 3826

Note: */**[*** denotes significance at 0.1/0.05/0.01 levels. The values in parentheses represent

robust standard errors adjusted for individual cluster characteristics.
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B. Further estimation results of bus-related variables

Table 6 Additional empirical results from Hausman—Taylor model (1) (dependent
variable: logUbike_out)
Model 7 Model 8 Model 9

Sample of stations
more than 800 meters
from the MRT station

without controlling for  with controlling for
metro station distance  metro station distance

oamrtout 0.778%%* 0.723%%* 0.646%%*
g (0.121) (0.104) (0.061)
logmrtdis - —0.319% —1.195%
g (0.028) (0.232)

: ~0.093%**
mrtoutxmrtdis -- (0.029) -
toubusdi 0.057 0.030 ~0.169%*
g (0.067) (0.058) (0.085)
0.022 0.005 0.031
busstop300 (0.020) (0.018) (0.029)
oarbusling 0.011** ~0.004 0.005
(0.005) (0.005) (0.008)
- 0.454%** 0.604*** 0.630%**
university500 (0.145) (0.135) (0.190)
ainda ~0.023%** —0.023%* —0.022%*
y (0.002) (0.002) (0.001)
emberature 0.015%** 0.015%** 0.019%**
P (0.004) (0.004) (0.002)
~0.004*** —0.004%* —0.003%**
temperature2 (0.0003) (0.0004) (0.0002)
constant 8.467%%* 8.543%x* 9.632%**
(0.104) (0.101) (0.373)
Number of ind. 319 319 86
Number of obs. 3826 3826 1032

Note: */**[*** denotes significance at 0.1/0.05/0.01 levels. The values in parentheses represent

robust standard errors adjusted for individual cluster characteristics.
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C. Differences between high- and low-volume YouBike
stations

Table 7 Additional empirical results from Hausman-Taylor model (2) (dependent
variable: logUbike out)

Model 10 Model 11 Model 12
Youbike Youbike Youbike
low-rental group high-rental group high-rental group
oamrtout 1.173%** 0.592%** 0.702%**

g (0.283) (0.130) (0.145)

. —0.599*** ~0.075* —0.083**
logmrtdis (0.151) (0.038) (0.040)

. —0.315%** ~0.062
mrtoutxmrtdis (0.103) (0.046) --

. ~0.180 ~0.004 ~0.009

logbusdis (0.121) (0.088) (0.093)
0.019 0.004 0.006
busstop300 (0.047) (0.021) (0.023)

. 0.005 ~0.003 ~0.002
nearbusline (0.008) (0.007) (0.007)
Liversitvs00 0.716%* 0.367** 0.370%**

y (0.306) (0.164) (0.173)

. —0.027%%* —0.019%** —0.019%**
rainday (0.006) (0.002) (0.002)
ermmerature 0.013 0.019*** 0.019***

P (0.008) (0.001) (0.001)
—0.004%** —0.004%**
temperature2 -- (0.0002) (0.0003)
constant 8.330%** 9.186™** 9.160%**
(0.340) (0.128) (0.138)
Number of ind. 105 105 105
Number of obs. 1260 1260 1260

Note: */**[*** denotes significance at 0.1/0.05/0.01 levels. The values in parentheses represent

robust standard errors adjusted for individual cluster characteristics.
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1V. Conclusion

The use of public bicycles is closely related to local land use and the built and cycling
environment (i.e., population density, area of commercial or residential zones, length of major
roads, and extent of bike lanes). These variables are time-invariant. By using a panel data
model, temporal changes in the dependent variable can be analyzed, effectively eliminating the
influence of omitted variables that differ between individuals but do not change over time
(Stock and Watson, 2018). Therefore, the model constructed in this study does not control for
many crucial land use and built environment variables but still yields consistent estimation
results.

The empirical results of this study highlight the following key points. (1) The number of
passengers exiting a metro station and the distance from nearest metro station to YouBike
station have significant positive and negative effects, respectively, on YouBike rental volume.
This finding confirms that YouBike serves a clear complementary role for last-mile
connectivity with respect to the MRT system. (2) A significant interaction effect was observed
between the number of passengers exiting a metro station and the distance to the station. In
other words, the scale of metro station exits significantly influences the spatial extent of the
station’s effect on YouBike usage. (3) The four bus-related explanatory variables did not reach
statistical significance. However, further analysis revealed that land use and public
transportation conditions in different areas alter the relationships between various modes of
transport. In areas farther from metro stations, YouBike and buses exhibit a stronger
complementary integration, whereas in areas near metro stations, YouBike and buses are likely
to share a more competitive relationship. (4) When YouBike stations are divided into high- and
low-volume groups on the basis of annual total rental volume, low-volume YouBike stations
are found to be less affected by temperature and more affected by the number of passengers
exiting the nearest metro station and the distance to the nearest metro station. Finally, this

study emphasizes that the real-world relationship between buses and YouBike is inherently

(49)
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both competitive and complementary. The statistical model’s inferences help determine which

relationship reflects the dominant mode of transportation behavior under different conditions.

(50)



