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ABSTRACT

In general, system operators frequently relocate bikes at unbalanced
stations to address the downgrade in service quality due to the spatial imbalance
in demand for bike-sharing systems. However, past studies suggested a concept
of user-based re-balancing approach that guides users to return bikes at nearby
alternative stations by providing incentives, such as a discount on rental fees.
This demand-oriented approach can mitigate the spatial imbalance between the
supply and demand of public bicycles and reduce the operating costs for system
operators on bike re-balancing. In order to understand users’ willingness to
accept (WTA) on the discount incentive for returning bikes to nearby stations,
we designed a questionnaire involving eight scenarios for YouBike users in
Taipei City based on the contingent valuation method (CVM). The design of the
scenarios includes three major factors: with or without time pressure, immediate
or delayed discount payments, and extra walking or biking time. Linear
regression and interval regression models are constructed based on the survey
data to analyze the WTAs in the different scenarios. The analysis results indicate
that most YouBike users will be willing to return bikes at recommended stations
if they receive a discount on rental fees. However, there are no common
significant factors in the eight scenarios for both models. Furthermore, users
ask for a more significant discount if requiring extra walking for returning bikes
at other stations, meaning that the time value of walking is higher than that of
biking. Finally, the study findings provide references for a user-based
re-balancing approach for public bicycle systems.

Key Words @ public bicycle system, spatial imbalance; temporal distance effect;
contingent valuation method; willingness-to-accept
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7% » SRR SRR B -

A SR ITERT 2 2 WS CER i A KA S U T P LR R R - S
HH T OREE R IR S AHHIE SEE (WTP) » RuifFFELL Triple-bound HYIEHAFF#E
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SEHTY SN BB E R BAH - BAR AR A A TEZ G B T HIER - It
fitsa et /T NE AT E T S 5 - ol B2 B0 E RS | e i E 3
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B FRHG SRS ST E R - R3S N TIER Ry L - H5E
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b s B A S BB ST 2 O A AR 23 B o — (BB I o A S
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3.2 RAEE

3.2.1 REEEFER

AWTFELL LS RS SR B2 T T R R M A S ARl TR M B s R T
At i IKERE YRR YouBike fSC B BAIRGTE BRI ST L2 - AWISEER L
EERRRARLAN (1) -

Y= o+ B Xy +BX,+ & £~N(0,0%) (1)

Hrp B -
Y : S SEILT YouBike fHCE BRI L SR T IR -
Xy o R AR G R AT -
X, ¢ EE O TR A YouBike 2 {H A -

Bo * TEEIE -

By + LRI (R -

By ¢ BRACRFIME B (3 R -

e : RIS #5578 (Error Term) S8 (Disturbance) o

322 BEEEFRR

ATFGE 2 R 3 B g A A PG B EERET » DL PRSI0 Ry — LA -
HRZHE RSB RN - BB B ASREE T, B
W ETTHTE — (EEEA (ERRATT P2 » 7655 — i S PR e R R 2 % » B T A AR
it FE RS — RS B2 B TR s K » B — e T RS,
I e SRR RO AR T P3 - SRR NS T - S e
B NI B A AR S A S0 -

ARFEaRET S R G S R SRR - R BT SR - B
BT SR L A EF & LR RIS R S R R R e
BRIEERE (Hwang et al. ™) » FIHAHIZE A RHEEF RS 5228 YouBike i A
AR B EEST AT FTREE - ATICE R @R (2) :

Y/ =pX;+e& &£~N(0,0%) (2)
Hrp#228

X; @ SRR o M AR~ IS - ST R M YouBike i {H AACER -
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j €L fEatfREF} (Left-censored) » HALEY; < Y, 3
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DO e e I AR R o B R B RE B AR 1 -
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of the interval) o Z5ZFXE A TATHILEHE HEE - RAREME N AR 0 5 EH2 G EK
EHRE A TR BEE  E R ERERs 10 - AN R R S
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®1 ERERRE
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R Y = [a, a] a a
FraRIRE R Y = (-0, b] b
aafRER Y = [a, ) a
&R Y =[a, b] a b

3.3 [EBaxEt Bk
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B YouBike yfH FIT TRy M R AR Bt BE e Ty MBI SR — 8 ANk 2 A -

B BB EERGT - SHARIREERGT - AWIFERIITERHG 2 MIFE YouBike
AT RE S ERGEIEEDL - YouBike A RIFRIR o A AEREBE R v HEEH - UHAE
BIFERETIRITEDE N - A1 B BB RSN B - (RIS PYTH /\ U7 2 i & B3 Y ouBike
AEREEGE R - SEGHE DUE R Ry R EEE BN UMNE L AR RS BT HAE P
FAHEIEPERFE (Chemla et al. '™, Wang and Wang ") < 15} » 25 52dbriiasm )R
B e UhRL R BARYE Ry 600 2 RDLL - M A &P A 17 BB siRsdiy 10 08 ~ 5P
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5 342 4429
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26-30 5§ 146 18.9%
N 31-35 5§ 83 10.7%
i Age
36-40 5% 62 8.0%
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51 LAk 19 2.5%
B 339 43.8%
[ 134 17.3%
TRE3 40 529
iEES Occupation ’
AN 64 8.3%
HE3 143 18.5%
HiAth 54 7.0%
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=g 40 52%
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N Ee il
1% (&) LA 441 57.1%
S R A 4 T AR Frequency SEN 20| B
57K 70 9.1%
8K (&) DLk 35 4.5%
30 538 601 77.6%
= _ 30 4348-1 /NI 139 18.0%
KA A3 F T EAYIRE R Usetime Ty 3 0%
4 7NIE-8 7 NIF A 3 0.4%
NEIEE iU 365 34.59%
- . ~ H AR TS ED 347 32.8%
EE B HALAITHERKER Purpose G 78 T6.5%
R 167 15.8%
14 (&) LR 173 22.4%
i YouBike &FE Usage 1-5 & 266 34.4%
5-10 4 (&FLAE) 334 43.2%
SEAELER YouBike Fifehem | o . A 670 | 86.6%
i AR AGHE T H I 104 13.4%
e 80 10.3%
R 414 53.5%
fEREF] YouBike FUSER Borrow Feie 234 30.2%
RE 39 5.0%
L 7 0.9%
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(5% 401 51.8%
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4.00 4.88
51 3-1 51 3-2
AZENPTH & JEERFRERE S -8.549
3.18 435
515 4-1 51 42
NI & EREREER T -7.069
3.46 442
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B 225 88 24 11 42 390
3-1 57.7% 22.6% 6.2% 2.8% 10.8% 100.0%
SEEERS 143 71 38 32 106 390
3-2 36.7% 18.2% 9.7% 8.2% 27.2% 100.0%

® 11 TREFHNOBET ZEZINOHRETR

2 PN 03¢ | #rfl4-57C | Frdd6-7 oC | $ril 8-10 oC | AEEEHAGL | fEE
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S E RS 202 80 27 14 67 390
4-1 51.8% 20.5% 6.9% 3.6% 17.2% 100.0%
SRS 137 65 35 37 116 390
4-2 35.1% 16.7% 9.0% 9.5% 29.7% 100.0%

—178—




B AR NI AT R RGBT MR R R T BB

250

200

150

1

(=3
(=}

w
o

0

-l T2 SR EEeERe  EEHES- S B Emh-

m{{10-37C  mif{14-5TC WiFHIG-7TIE mIFIIIS-107E  w REHEIS

B 6 ARIFREZEERRTERE

’ 12 FHNSEREREMEAIN S TR NEZ IR

GIRFREEE S SRR T

17 | DwsDr | Dw<Dr Dw=Dr | Dw=Dr i | DwsDr | Dw<Dr Dw=Dr | Dw=Dr sy
Al >0 =0 >0 =0
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® 13 WEEFSTER

AR | R | B | BE | B B | B | BE | BE

EE3 1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2
ALl 1.575" [2.696™ [4.060"" [3.556™" [3.566"" |3.964"" |4.293" |4.511""

Gender 0.015 | -0.057 | -0.192 | -0.208 | -0.426 | -0.432 |-0.745""| -0.503

RCE Age 0.033 | 0.030 | 0.029 | 0.034 | 0.002 | -0.002 | -0.008 | -0.015

PFE | Occupation | 0.196 | 0.462 | -0.205 | -0.010 | 0.185 | 0.147 | -0.393 | -0.167

Education -0.241 | -0.646 | -0.539 [-0.013"| 0.143 | -0.161 | -0.001 | -0.120

Frequency -0.020 | -0.032 | 0.003 | 0.022 | 0.079" | 0.023 | 0.074 | 0.047

Usetime 0.052 | -0.165 | -0.012 | -0.392 | -0.236 | -0.251 | -0.105 | 0.167

Usage -0.068 | 0.032 | -0.018 | -0.032 | -0.047 | -0.004 | -0.041 | 0.039
e Continue | 0.728 | 1.2257| 0.121 | 0.790 | -0.099 | -0.341 | 0.095 | -0.451
Rk Borrow -0.125 | -0.222 | -0.371 | -0.243 | -0.079 | 0.296 | -0.129 | 0.339

Borrow_Anxiety | 0.248 | 0.359 | 0.332" | 0.284 | 0.112 | 0.083 | 0.235" | 0.002

Return -0.018 | -0.171 | -0.280 | -0.175 | -0.025 | -0.332 | -0.124 | -0.266

Return Anxiety | 0.116 | 0.002 | -0.018 | 0.142 | -0.096 | 0.163 | -0.075 | 0.083

RS FE 1.181 | 1.469 | 1.016 | 1.282 | 0.674 | 0.783 | 1.020 | 0.514

R’ 0.062 | 0.075 | 0.053 | 0.066 | 0.033 | 0.039 | 0.050 | 0.026

7.80 6.26 5.10 6.45 6.25 6.04 5.44 5.49

WTA (FESZHTHT)
(2.20) | (3.74) | (4.90) | (3.55) | (3.75) | (3.96) | (4.56) | (4.51)

TRHEHEAAER E 0 122.03% | 37.43% | 48.98% | 35.52% | 37.49% | 39.64% | 45.57% | 45.11%

PR R RIS - R ATRERAER 14 s - ERFTETESE T - &
PRTEERAEATAE - SIOMERREBRIITEEL - A EHRAVSRE SIS - HPHERsE 1-1
FABEE 2-1 Hh » A AV FE R BOERER © 155 2-1 RIBHET 2-2 WBBTIE RS -
TP SIS D0 T - (NS5 3-1 FERGSE BT B - FUWRE 7T DATE 5 1-2 & R2 {EfRfE -
TE5E 1-1 £ 2-2 /9 R2 {HST/% 0.06 Bl 0.076 - BEEfAEEL 3-1 2 4-2 2 R2 {H » HEAE
0.025 Eil 0.035 4] » /\#HIEEEZ WTA /12 6.26 % 8.03 7T » 1553 1-1 i aBE 2 G » 1Mils
55 4-1 Tyl o W AR RN TR M SRS R ST -
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® 14 BEEFSTER

fistoE | fEE | B | TEE | B | WS | B | BE | EE

TR 1-1 1-2 2-1 222 3-1 32 4-1 4-2
KA 337 270 310 256 347 284 323 274

el 1.765™ | 2.5337 [ 3.970™" | 2.724™ |2.142"" [3.616™" [3.741" | 3.680"""

Gender 0.076 | 0.056 | -0.174 | -0.289 | -0.055 | -0.297 | -0.260 | -0.401

Tt Age 0.025 | 0.013 | 0.025 | 0.042 | 0.020 | -0.010 | -0.011 | -0.001

gt
T

i Occupation -0.064 | 0.283 | -0.467 | -0.022 | 0.598" | -0.030 | -0.039 | 0.048

Education -0.263 | 0.500 |-0.643" [-0.898™| 0.065 | -0.214 | 0.026 | -0.021

Frequency -0.030 | 0.041 | -0.006 | 0.004 | 0.024 | -0.018 | 0.048 | 0.006

Usetime <0.160 | 0.102 | -0.025 | -0.481 | -0.222 | -0.063 | 0.108 | 0.133
Usage -0.036 | 0.051 | -0.005 | 0.015 | 0.074 | 0.032 | 0.001 | 0.065

Tk Continue 0.655" 14377 0.332 | 1.046™ | -0.264 | -0.518 | -0.313 | -0.425
Tk Borrow  |-0.377"| -0.414" |-0.678""| -0.468" | -0.197 | 0.352 | -0.265 | 0.358
Borrow_Anxiety | 0.205° | 0.265 | 0.289™ | 0.292 | 0.031 | 0.033 | 0.172 | -0.006
Return 0.217 | 0.091 | -0.001 | 0.040 | 0.104 | -0.228 | 0.033 | -0.328

Return_Anxiety | 0.139 | 0.073 | -0.011 | 0.073 | 0.045 | -0.198 | 0.014 | 0.105

Cox-Snell pseudo-R* 0.060 | 0.076 | 0.073 | 0.071 | 0.032 | 0.035 | 0.025 | 0.026

8.03 7.22 7.05 7.75 7.86 6.38 6.26 6.32

WTA (BTl (1.97) | 278) | (2.95) | (2.25) | (2.14) | (3.62) | (3.74) | (3.68)

PRI ERE T | 19.72% | 27.75% | 29.51% | 22.51% | 21.40% | 36.20% | 37.40% | 36.80%

I - R R ER
5.1 FEEREREIEER

1.yt o B A A P R (AL (e

T LS8 R 222 v SRS DO 7 R L S A R SR R o » A
SFATIER R DL [ 2 2 A B U U B A B - (B R B T R 2B e bR
o SRTT - R SE ARG & A E A B TR A% (Zheng etal. 1) » gt
TR ST S » SRR RS (TR L B S (RIS A P 2 s
(Liang et al. ") » #EFSEST AV - A AR EL R IR B LY - AW
W P B A (BRI, - (ELR AR 00 I LI A 3 » L Lk B P S S MR +
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BEYI & H) &) E (PR R RS « BN EeE T O ) B S IR - TR E
A THOE TRy - A UGS EFTH 2R E AR R EE o i HJRITHE Shui and
Szeto ) 5 [pi =2 B E % SRR A A S R R (RS2 P TR D e ST T v 2]
BIULESBE - WEEE S OEEENT - B—EI R -

FE + AP R AR K S By A R BRI OO » o B % S IR 5 5 B R
T AT R AT (Y o A MG, - 1T B 2R b A A R R P 2 DA
e BB R - R RO R T DU 2 BRI R A E S R -
BNETERAZ R LT » RTINS D25 T KA A L TR 38
U S A AT B B SRR e SN 25 7 AL 1T B3R (Action Loyalty, Liang et
al. ")) i B T BRIV B T R R A
2. ] R SR TH [ 0 2 A A e 17 R ST

£ 7 AR - 28I YouBike 5 35 B 0K 2 HCAIHE B v B S N ST
(66.7%~90.4%) » ELELBING R Sigla et al. ™ fRBINFIE TR FEHE (60%)  HHEHY H AR
JETH YouBike {2 B BB 1 T2 LAHERA TR H1 38 » UL AR & ik LR HEA T AT B & ST 2
PSP IR ARG BT L B A M (T SR T 75 [V 3 v A 2 Y TR T
S RIRE - R TS E S IR R SRR (ERERD 280 EHERE
S ECE AT B A SIS T 5 B RES R AT B I » Ram2ar
B ERAEESTH » FRR] LS (R4 P B s vy IR A S B R B - A U SRy
TFE: » BT A SRE I A S AT R 2 R A A e T fd
3. BRSEPREAR T ME Bt I i L RS A B o

AR e R SR IR S FE IR T 00 P BT IR ~ A5 /s i
JI B A T B B B R S A N+ BB B BT 2 DUREEA T
WENT R RSB IEE T SRS 225« 4 SRR I SRR /] ~ $H04G
PR - 5 AR A T I B TP BT TS B N S L 58 R H /e
ST - B A R R T T R e

S » 7GR R 0 o8 P B 2 T e S R B T R » SRR 78
Tsit N Pl B B s ST A B R o - FRLUSE N S+ 76 b R R s
PG AEE 2 — I IS BY » W I R e e ST 5 AR - Bt HETRA
5 B A R ST © 538N » RERSATZ RS T - S8 I B R G Ty
BESZATTIS S - BT 3 A RS B e e A N s rE S s T I
S (L FERG TS TR LR LI 17 85 ol R R o T AN SRR S - (R %
L N BRI R B ORE 2 52 R o W RS ATt S S LR R
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FERRE 2 BEE T » EFIE 5 E] YouBike HUSERES) » I HFHE e 2 Hanha By i<
FEQTBAR - BIE @ A A oA Bl - R EHRuhE R REITHd - b
AWM G IE R+ H2 B HE A A A DS S HAREans - (e S Il
BRI - BHERTIR - AR R AT RE R N E T E A R R (Loss Aversion,
Tversky and Kahneman ™) (94T ks o EH » R AR BN T8 - B EET
B R R ORISR AT ] Youbike AR + ¥HEBRTTE H YA TG i
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4. P EE R G EAOR

Smith % B2 HAYTSWRE (Market Segmentation) B 7225 EL A ERIZ HE FIFE IR K
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Ryley ™; Li et al. BT » i i3 25t A WFSR A B IR S AT 4 52 1 1T SRS (O B P I »
411 Morton P AR = (4T B B IURRAIIRF S (Perceived Service Quality) + $iK#
HREREE - 17/ E A (Behavior Intention) Bl A [T#fiFt (Demographics) 5 [HilA] & 53 i %
TERHE » it R 75 i i A5 W o T SE R A 1 A FH B B AR R R SZ - ST AT DAL R it e
5 AU 5 T P SRR () 5 Westland et al. 7 3538 DI HE B2 (47 B PR 5110 5 4
AT SRR m FuaR et T R TR B R TR D3R 5 AR AR ST AR S
R BIREEETHIRIRE T g D R R — 2 - RIS B e fEaE i
REETHIAT BRI » ALt AR B R T S IR -

AHETEBER T A HEE R ARG —8 » AR REG N B LA BT
BHEREVESE » Pk 33 75 e Y TR P e i {50 FH 3 3 ST 78 A T B e 7 2 JB 5
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Ay B o B2 rp RV Ff i 6] A AP0 3= B B R 2 e T B T SR ek B R » 17
Kacelnik ™ 5E 8BS RSB (Time Discounting) » FEAIA M FAAESTRFAG B
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5.2 HAFTPREIEARIRIAFT S [

1. WFFERRARRR

AWFELIE LT YouBike SSCHE Rl - THEE STy 21 2 30 3% s FHNERAGHIEE
YouBike i FHIREFMG - ST ST WIFERTER 2 S REFH BT & EILT YouBike fEATIR
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