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Abstract

Although there are continuous demands for activating BSSs(Bicycle Sharing Systems) due to the
convenience and positive health effects, it is difficult to make a decision to support the existing
systems and build more systems because of the deficit resulting from the operation of BSSs.
Consequently, this study estimated the economic effects(WTP; Willingness to Pay) of BSS and
analyzed the impact factors of WTP to support the above decision making in Daejeon. For this, we
conducted a survey and collected 668 samples from the users and non-users of TASHU that is the
BSS operated in Daejeon. Also, we used CVM(Contingent Valuation Method) for the estimation of
WTP. The results show that the number of bicycle uses is a determinant factor having a positive
relationship with WTP and car ownership and age are also determinant factors having a negative
relationship with WTP. On the other hand, income and sex have no significant statistical
relationship with WTP. Also, the economic benefit of TASHU was estimated as much as 49.9
billion KRW to 63.6 billion KRW. Considering the operation cost of 2.5 billion KRW, it is quite
big benefit. Based on the results, it needs to support TASHU from a user perspective for the
efficient operation of the system.

Keywords: bicycle sharing system, contingent valuation method, daejeon city, determinant
factors, economic values, willingness-to-pay
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Article Economic Valuation and Determinant Factors of Bicycle Sharing System in Daejeon City
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Table 1. Survey method and samples

Categories Samples
B Online(Naver) 201
Pre-test Survey City Homepage 164
Main Survey Field Survey 303
Survey target Users and Non-users
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Table 2. Sample statistics

Variables Descriptions Mean S.D.
Age Respondents age Level(10s=1, 20s=2, 30s=3, 40s=4, 50s=5, 60s=6, 2.683 1.263
70s=7, 80s over=8)
Sex Respondents' sex (Male=1, Female=0) 0.640 0.481
Frequency Respondents' use frequency 2.446 1.303

(under one time/month=1, one time/month=2, four time/month=3, ten
time/month=4, twenty time/month=5, every day=6)

Bike Bicycles in household 0.604 0.819
(zero=0, one=1, two=2, three or more=3)

Car Cars in household 1.541 0.770
(zero=0, one=1, two=2, three or more=3)

Health Respondents’ exercise level for health 5.591 1.859
(never exercise=1 ~ strongly exercise=9; 9 score Likert indicator)

Income Household's income level(under 1 million won=1, 1~2 million won=2, 4.271 1.476

2~3 million won=3, 3~4 million won=4, 4~5 million won=3, 5~6
million won=6, 6~7 million won=7, 7~8 million won=8, 8 million
won or more=9)

2. AlZoAfY 22

wAoA AMEH BE = T 3037Hi*1 AA AL 40009, 6,0009, 8,000¢, 10,0009, 12,000,
14,0009 5 67h<] AAFHo= Aok 71 A3 4,000 tHell A1 =JAHE Wl SEARE 50 5 167
o2 (9F 32.0%) 7 wto, 6000°J°ﬂ tish ZE2JALS el eats 501 5 158(2F 30.0%), 8,000
Ao sl A BJAE 8l SHAE 508 Z 98 (SF 18.0%) S8 AAFdo] AASE 2B OAE e
+ Hl&o| dAashs ZAo=m EAHSGIH. o= At FE AdaHo] Fople] wet A=At Aob& e
Wi Slo] B4AR APEEE & Adsty &S o 4 ok

Ty 2 AEXARS] A AR AA gl et o S
ko] AR AAlgHol sl ‘ofy o't FHE AFE
£ F7t= A5k

Table 3914 & 4= Sli= HRel 2ol A A AAFAo] ‘of e’ efx FEe 24799 §HAE 5 F WA
A2 o] 50%)0] tial A EoJAlE ghel Subal 2479 = 206 o2 (9F 83.4%) uj$
o o ¢ Utk &, AA AHIE2 ARSI A g Hx AAE FE7HES S5k o] 8 YAt

=T

SE A ﬂ SHA 3037 F 56 (18.5%)° &=
Bgoz T wA Bl gt SREE

rulo

) ol

2 Bt ek ARApL

§17] Wolct, £ ATlA

A AAZA] BF oh] e

a3 2 2712 U 199 AN AEAS] 2 E 12 ARSI 1
AZosE 5 B AAFAe] B o e-ohl e ek SR 20659 SHAE F 1557

(OF75.200] JO8S] RS AT e HOZ AT

3. 33| 2|22l Afetof| 0|2 = Feael

oL

.

Q2 ZAH (maximum likelihood estimation)S -85} 9o o]=7 =
, o HZT] A2 (consistency)S HESH| Yol sHZ0] Gl B} FHFEFS XS Y

gotact.

el

L
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Table 3. First responses’ distribution (total sample)

Bid Yes No Total
No. of percent No. of percent No. of percent
(KRW) person (%) person (%) person (%)
4,000 16 32,0 34 68.0 50 16.5
6,000 15 30.0 35 70.0 50 16.5
8,000 9 18.0 41 82.0 50 16.5
10,000 3 6.0 47 94.0 50 16.5
12,000 5 10.0 45 90.0 50 16.5
14,000 8 15.1 45 84.9 53 175
Total 56 185 247 81.5 303 100.0
1) O|I3ZA=ZY
Table 4= FHES HHFsHA] &2 olFAARAES F4 ZAAE Yed Sl AAAC=E Wald
StatisticsE 7|6 0& & o, FHRYPL FAAARF Y TLH FoloE 1% ool FAHLE 79

25ke o5 ARAo] g 24 ATR= Table 5o AAIElo] k. Wald Statistics 7]
2 FOSE 1% SENN FAHOR S BAHG A1 olgas
o
s

[e]
il O ~—
(Frequency)7t 0142 1% 424 §0J51] Lieht o] 8 WIE7 Bass AN 3oo] e o vt

wrt.
Table 4. Third responses' distribution (no-no response sample)
Bid . N?—No—Yes < Iio—No—No — Total
0. O ercent 0. O ercent 0. O ercent
KRW) person ? (%) person ! (%) person P (%)
4,000 0 0.0 28 100.0 28 13.6
6,000 13 48.1 14 519 27 13.1
8,000 7 17.5 33 82.5 40 194
10,000 7 16.7 35 83.3 42 20.4
12,000 10 263 28 73.7 38 184
14,000 14 45.2 17 54.8 31 15.0
Total 51 24.8 155 75.2 206 100.0

Table 5. Estimation result on double-bounded model (without covariates)

Variables Coefficients (¢-value)
Constant 0.0405
(0.253)
Bid* -0.1856
(=9.567)***
Number of Observation 303
log-likelihood -287.61
Wald-Statistics® 153.71
(p—value) (0.000)

Notes: The unit is 1,000 won. °The hypothesis is that all the parameters are jointly zero and the
corresponding p-values are reported in the parentheses below the statistic. The numbers in parentheses
below the coefficient estimates are t-statistics, computed from the analytic second derivatives of the
log-likelihood. *, **, ** indicate statistical significance at 10%, 5% and 1% levels, respectively.

2) Amjo|ADH
SHE HeE W] 2 2upo|a R 3R WSS
Table 6 ¥ Table 73} 2t} HAHSE Wald-StatisticsE 7|52
o FASHA el 1%004 SAHLR FosHA 245U,

3 7
R A FASAL. 1T FYASES $5% fOHL olFAARYT FASH A=A,
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2HAA o]-8314=(Frequency) 7} f2 Tfl% Zo| A oF(+)9] PP Zt= Aoz Yehdy, AEAEG
t=(CAR), AFHAGE)7F oE 5%rElA ()] dFBAE 2= Aoz Uehdt. 250y 4%
o] QASS ABoAtHI} EAL Go4e Zhetty W] ojgle Ao tehitt EAMoR g XB
SPHFAE 2501 B A HUHE AT ot BIAWAL FTE AR QA 2
SHoR QAT g geor wpew,

4. SIA7L| 191 A=

1) O|Z3A=ZY

AA SFAR}

ARG S o83t

Table 6. Estimation result on double-bounded model (with covariates)

Variables Coefficients (+value)
Constant -1.3629
(-1.952)*
Bid® -0.2605
(-9.789)***
AGE -0.1626
(-1.450)
SEX -0.2793
(-1.007)
FREQUENCY 1.0236
(8.447)***
BIKE 0.0279
(0.151)
CAR -0.3483
(-1.82D)*
HFALTH 0.1016
(1.291)
INCOME -0.0904
(-0.840)
Number of Observation 303
log-likelihood -233.19
Wald-Statistics® 165.00
(p—value) (0.000)

Notes: eThe unit is 1,000 won. °The hypothesis is that all the parameters are jointly
zero and the corresponding p-values are reported in the parentheses below the
statistic. The numbers in parentheses below the coefficient estimates are t-statistics,
computed from the analytic second derivatives of the log-likelihood.

* % *x* indicate statistical significance at 10%, 5% and 1% levels, respectively.

Table 7. Estimation result on spike model (without covariates)

Variables Coefficients (-value)
Constant -0. 0446
(-0.393)
Bid* -0. 1756
(-12.661)***
Number of Observation 303
log-likelihood -400. 15
Wald-Statistics® 182.07
(p—value) (0..000)

Notes: °The unit is 1,000 won. °The hypothesis is that all the parameters are jointly
zero and the corresponding p-values are reported in the parentheses below the
statistic. The numbers in parentheses below the coefficient estimates are t-statistics,
computed from the analytic second derivatives of the log-likelihood.

* x% *x* indicate statistical significance at 10%, 5% and 1% levels, respectively.

olAfeY 24T}
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Table 8. Estimation result on spike model (with covariates)
Variables Coefficients (value)
Constant -0.4992
(-0.865)
Bid® -0.2343
(=12.757)***
AGE -0.2286
(-2.410)**
SEX -(0.2862
(-1.193)
FREQUENCY 0.8865
(8.517)***
BIKE -0.0604
(-0.400)
CAR -0.4122
(-2.433)**
HEALTH 0.0805
(1.235)
INCOME -0.1458
(-1.589)
Number of Observation 303
log-likelihood -233.19
Wald-Statistics” 165.00
(p—value) (0.000)
Notes: ®The unit is 1,000 won. °The hypothesis is that all the parameters are jointly zero and the corresponding
p-values are reported in the parentheses below the statistic. The numbers in parentheses below the coefficient
estimates are t-statistics, computed from the analytic second derivatives of the log-likelihood.
*, *x *x* indicate statistical significance at 10%, 5% and 1% levels, respectively.
Table 9. Monthly WTPs in the double-bounded models (unit: KRW/month)
Monthly WTP Model without covariates Model with covariates
Mean WTP(c™, ) 2184 719.2
t-value® 0.258 0.987
90% confidence interval’ (-971.8~1,224.2) (=272.0~1,576.7)
Truncated Mean(¢c*) 3,844.4 3,037.0
t-value® 10.897*** 9.790***
90% confidence interval® (3,427.9~4,338.7) (2,680.5~3,453.2)
Notes: Standard errors are computed by using the delta method. °The confidence intervals and the
bootstrapped t-values are calculated by the use of the parametric bootstrapping method with 5,000
replications.
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Table 10. Monthly WTPs in the spike models (Unit: KRW/month)
Monthly WTP Model without covariates Model with covariates

Mean WTP(c+, ¢+++) -253.8 117.4

t-value® -0.389 0.213

90% confidence interval® (-1,149.5~548.7) (-628.2~822.8)

Truncated Mean(c*+) 3,821.5 3,017.0

t-value® 10.591%*** 10.600***

90% confidence interval® (3,390.9~4,321.6) (2,673.1~3,422.1)

Notes: °Standard errors are computed by using the delta method. "The confidence intervals and the
bootstrapped t-values are calculated by the use of the parametric bootstrapping method with 5,000
replications.

Table 112 HHA] A5 104] o 90A] mRte] FRISE7IE AFAF BHES ez 24 ARlEd
517 ol 2| A%t HAA e (F A %ﬂﬂ FRAE AASIL ot B VIEes of fid
A] AREFARA o8 T3] oot Azt F W] FHAE= oF 456.19 olA 654.49 ol Fst= A
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Olih He st Al AREIAEA o8 BAste ol gm0l AFel Ave He & & Ut

Table 11. Yearly economic benefits by Daejeon city's bike sharing system
(Unit: KRW, Person, 100 Million KRW)

Models Covariate Monthl Population (B) Yearly Economic Benefits
Variables WTPs (X) (10-89 age) (AXBX12)
Fxcluded 3,844.4 636.3
Double-Bounded (3,427.9~4,338.7) 1379188 (567.3~718.1)
Model Tncluded 3,037.0 e 502.6
feiude (2,680.5~3453.2) (443.6~571.5)
3,821.5 032.5
- Excluded (3,390.9~4:321.6) (561.2~715.2)
Nodel 30170 1379.188 1993
Included Q6731~3422.1) (442.4~566.4)

Data: Statistics Korea, Population Survey Data, 2014.
Notes: The numbers in parentheses imply 90% confidence intervals of monthly WTPs and yearly
economic benefits, respectively.
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