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Abstract

Recently as algae phenomenon has been intensified, the need for additional dam flushing has been raised. To establish the more
rational policies concerning the dam flushing, it is necessary to evaluate the dam flushing. This paper attempts to examine households’
willingness to pay (WTP) for dam flushing by using a contingent valuation (CV). Especially, unlike other CV studies which used
maximum likelihood estimation (MLE), this study employed Bayesian approach. This study surveyed a randomly selected sample of
1,000 households nation-widely, and asked respondents questions in person-to-person interviews about how they would be willing to
pay for the additional dam flushing. Respondents overall accepted the contingent market and were willing to contribute a significant
amount (1,909.4 won), on average, per household per year. The aggregate value amounts to approximately 35.7 billion won per year.

Keywords: Dam flushing, Contingent valuation, Bayesian approach, Willingness to pay
H|O|R|Qt Y S &t W TR FAIY 71| 4 - S AR

grslorTelin SAF A, HREALA Kewater BT AAAADTL, A IaTsL ouAgttiete

m

o (e

cal P{ohA EHo| Z7H=Z 40| TSt %WI fil 20| B/J0| A|7|=|11 UL, o]0 2 ==0llMe == ALt 2

o| 27HHZ0| Cist ZA|1A 12| £&3t7| Iot0] LBt A2 AtE BAISI IR} St SHH QItEHHE2{01 ZHOM 2 A
|, 2|24 (Maximum Likelihood Estimation)2 O|83t= 7|&2| CVM et &2| B|0|2|2H(Bayesian) 2&HE A

= 39| 1,000717E o= 2FEHO| M2 E SISt 200% SIS FRE 71010 Y 2I1=0| AlS| me|

MY §1|% FASIQICE A 7D} 7FS HZHWTPE 1,900.3222 0|2 7t 2HOIO 2 HAKSHH 357,19 91, 10.56%/m0|c},

Z YO HSIE|TA O S S| 2I8 Yot 2 WO 2IHUFR0f Tish 20| A|7|=| 12 L. wetA ELt gl Aol | 2IHdFet
2

JN ol oX o2 rk
o E
82N
iy
|’HI mla

!
—Ll o0
Q'E

2
N
oo
2
o
o
N
of
U
i
N
X
IN'

A ZYY, 2= 2/Atl, H0|2|2t 2™

1.ME2 £l H 5230 ASEEAEA o] 2 Q1% A - THH A
Sfi7F57Fokal St eHE =X ool E A fdetal A4

o 0] Ao o] SR Sl 2P A2 IS Sl el R
24 (flushing)= <t

1o
o
n
O
4
AN
Lo 1o o

o
o
o

&
© >
=
R}
Jl‘)
JZi
|o
u
fo
ol

0|
o,

oM RI omp 4> &

18

D= Aotk AA R 20128 §¥oll= TR 5
*Corresponding Author. Tel: +82-2-970-6802 ol QA o E—é—]_7]. AFL20] 2 ;q7 Lo olE] =
E-mail: shyoo@seoultech.ac.kr (S.-H. Yoo) gol 8go=hd g fiad2 el

N
o
lo
E‘:‘
m ol

]
ol

© 2017 Korea Water Resources Association. All rights reserved.



468 J.-S. Lee et al. / Journal of Korea Water Resources Association 50(7) 467-473

< 110 mY/s91A4] 500 m¥/s 2 75 Al Avt w4
#xou ZREETFF37.4% N E= A7 LR S

A A HEo] T AV = A AT HE T7]'Hc]—
= A ARA| A Sk Al oke A4
ZFeloksie A - 285t 271E o)
ﬂﬂﬂ%ﬁﬂ%d $74% 4 P85 TR,
SHAR A 840t PG4 A7 A9 vl ego] W R E)
97| Wl o] FPIRAE A - B85 oGRS TE
& 4= Hpol] gick. mebd FR4 A LB A A L 2Tl
574 L 913 o] FoPaR ol tiste] A 7KL
{#9) A1) W el A0 2 Peksla glck. o Sl ¢
Ao 2 o] b= thol 71X & A sh= Zlo] 94
olc}. o] F7ph 4ol st /b2l shd o] £ AAHOR
ﬂﬁﬁwﬂﬁﬁﬂﬁﬂﬂﬁﬂﬂ“%ﬂﬂ&ﬁﬂﬁﬂﬂﬂ

1
& 33U+l ﬁT
o

%Q%ﬂ%%#ﬂmﬂﬂﬂ%i7%%%%ﬂ

£ spRsls et 9)

]
i
o

o
Y
rr
N

Zo| AN ‘lqo 5% 401] e S85= 205 7S
(Contingent Valuation Method, CVM) 2] &-§-0]

o
ol,

I T
N L
s

CVME 54 AUz @ 5 &-85lo] F7PTRE It 5%
o] 27t = 4/ kel tigh 2] A (willingness
to pay, WTP)E &7d5t= Zolth. WTP= 57 A3 A1
A5 3G 918 AH|ARS] A EoAto] 7] wlZe] A A
O 2= A|sht AH]|2of gt 7HA] 5 oju|gitt o]of & At
oflA= Fetdol 9123 S-S thY o2 i F7PRE
It 52 27 9 AN S EARE F ol E RS
2 SR 7HA & ot gtk oM 2 A A
A (Maximum Likelihood Estimation, MLE)-Z ©]
71E8 CVM A7} 22 Hl o] X SF(Bayesian) T4
Lot AEHJAMLEE USH BESHIRO 2

o o

z 5%
Bt & Jo

_IZ'L e e

Table 1. The relation between chlorophyll-a and dam flushing
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J.-S. Lee et al. / Journal of Korea Water Resources Association 50(7) 467-473 469

- tH] 200% F7HA71H S DA R 7R F ek dhHof &
FHO] AT ol Fede ALl B, ek
U2 25759 9= viAlste] 2416H31 7] whizoll 71 et
7} 7R e mH|gk 0 2 YT D

2 AT = SFHY 7P REE 20059 HE 2015
A B 7 thH] 200% 57 2 T E Vo2 |E S0t
HRE 2 WTPE AW, o= YdiRRlE o= 4
EEAFE AlBote CVM O] B4 4559 Hatet Zo)

HielEo] 7] A E 4= & A7) o] A= o
op7] whzoltt. SFdoll thet 7M=& @A (&2
93.6 m))o A 200% Z7HE 25 280.7 m* L 2 ST HS A
Fol7] Btz 2191 Jehd of

ofn

Iy, ©

Ll o
A
_?_15
L
i)
irel

T
H1
N
BN
4
N
1o
T
-
i
it
u
o
2
o
~

\
;
-0,
N
o

MNEL PETEE B aEM Fw o= 7id

Ho], E3 45U FEE] 459102 G- Bekaol

3.1 AR MY

W F71 o] 2747 o] Holagat Beisl A7
AFlliE QUAIEE olot f AL S ATl gl okt
A pAtelEe] £, 94202 21 3009 € ol i
AFIH] 5009] € ol A @ e AAALIe]] Hhste] Al
AHEFFA A ARISS Ao B Y57 Ael7] BEA T

_,4
O+
i
el
Z,

AF(KDI, 2011), G473 A2 7] 8 2] 7 AFQJ(KDI, 2011)
S AN Hel S 915l CVM-E 2-8-5F5Tt 9t 4=
AR AE ]S 2% 71 &9 o] ATAEIES A EH
3} 2] 2] 49 Raje et al. (2002), Brox et al. (2003), Akins et
al. (2007) and Genuius et al. (2008) 5°] 1.0, =] F-L-
Shin (1997)2 e} =48 A8, Lee et al. (2007)->
G52 dotdetl 5 d7E2 B CVMS A-851itt.

~
o
filo

¢

3.2 2| Z2fAL TR A2 AR Y Y U AHAISAH2
M2
=20

WTP =52 SaAE S5} Bl 474 3 &

1) B 22299 AT A W F4 9)0] 271491 2918 A 9)5)
7] $J5te] A4S AVEE Al Qs om, WA - o ke 4
N E el BALE 2 48k57] $l5te] 20054 o] % 101 7] 2
2E ZEo3t

)
)
i)
2
ro,

[

< 2A5k= 2 AR A9 EE 1 (dichotomous
choice)2 AHEFITE FEA Y AEH-2 vjg] A H AA
SRS TN FE] W= AEL ot =Tl &
o|H W, a7} «of /o] @7 &2 Fh L tgsls WAook,
Gt Aol A= TellBet A RARE Q17 CVM 24121 7R
A A (KDL, 2012)0]l A0t A2 5 AlAlEHol o
Stod «djjof 975 -SH T T “ofatal g7 Aol = A
Alael o] 2uf, “op @ atal S o= AAEA
128]E ThA] ARol= oS A ARG o2 2t & 54

of

0|

 FA2 A AA Y-S E-galct

FEAEY AR A= A FH 2] dA o] Fastch AlA|
FHL FEA 0 7 A717} = WTPL] Bhol wiziet ok
S| 4910 B2 AHGE 5 7)o AAsto]of gt
B AT A A AREZA E01717] el 302t
© 2 AP Z AN (pretest)2F CVMS- 2]-8510] -2 NAH
o1& A 71 & AFAH S-S v O 2 1,0009/2,0009/

W
[}
()
S
o
~
B
S

00-4/6,000/8,000€/10,000 & 77l19] %7]

5

A S A B st o2 A 24| 5o A
SHAE AR R 7 ol 4 2Eshal.
33428 Y B0 4

& A PRt o= Qleh x4 5 A
= W82z g1l 7] whizol] &Rt -gEAEe] 447 ofsist
71 of2te = 3l ool 2 Ao WA A

ol J=lste] Ao ZARN Y 7S 21H ol
Z(Face to Face Interview) 4] 0 2 A2 ZALE A|5)5HiTt
B e e B Rl R RIS = v 4
717F=E o] 8o, AA1E Aol wheh 215 ZARE Mok
= o2 At

EHAERAL I F 2 Aa-S o2 ZF A - i )l
Zh ol o] vl gof g B2 5
I E2R] & F 11,0007 A=A}
E 25 JSth AERAR= AT EE ARt A= 1570



470 J.-S. Lee et al. / Journal of Korea Water Resources Association 50(7) 467-473

A2 H A A1 el sl 2015 10Dof| AZZFALG A 2]
FEo 2 AAE A Q= 7] o) thet JRE

=& HOH ZAFPAFL A E 0] Q= 71 Fof| A w204
o} 654 oI5| At Hi= Althi=2] vl e-Ah HE 53T

T 1

I3 2 z}o E7T—
=
=

/\1“ Tl 7@ ] ]—’Fo]"%. Ho] ]‘?l@%oﬂ*i—zrl_?_ﬁ
2 RO A Bao] gl ot M F A W ol A= 5
2] 2] B4 (unbias), B 2|4 (consistency) 5ol T+ ‘01
H|o]z]Qt 242 1] 2| o] mazof| T gt ARF-A
A 7NE B4 AL RS Aofufjof gttt 17
TEY ARV Bt AFE R E EEO]' S
4= ek o] & s dst] 9ol & AFelM= WA A

:‘ mb&

(Gibbs Sampling, GS) HPH*% %% }04 RO ALE
EEotat gieh GS WHES BaEo] AFE A Ak
A HFHES 5] of 1% off, 7t R0 ZARSER
Z2RE FGYES HEH oz st gl ol
F=4 Z0| B A9, ol & &85t 7
RO ALY o 4 45 7HO] B BARS 47
AFAEE 2= Qlth $HH 4585291 WTPZF CVMOAlE 117t
& 2 =51 o] 42 Tanner and Wong (1987)0] A|¢t
St 2t 22 H(Data Augmentation, DA) W41-& ]85 F17F
55 Aotk

GS RS T8 ol Ao O] A 88AE that

_l

E'a O

r
Ll'
N

=1
1=
1=
L

o, M w

1o mx

Gl
1=}
R

T

Oll

HJ
o

i}

=] =(zp, v 2,)

= Aot o] M52 T BT AlE ol d S
Hnl_go}x]-i S 2Pl 4= ek AlAF ol tistod
]/O]—QQ_E SH Ay Y= (yl‘ ~~~,yn)'\j/]'5]'_ﬂWTPﬂ
G FATEE 0 = (8.0°) 2 2ASh= 747, A7 1N AREH
AT ZE 7 (0] v, 2) A WTPS] 2337 SHE et

“*(Probability Density Function, PDF)?! f(z,| ¥;0) 2 &

4 o
ro
o N
olo
il
2
lo
O
=
ﬂJlﬂI
N

u

Hoh 2 Y| BepEo] S 2ol2bH 0 O] 3= thE Eq. (1)
3} 2.
/8|0'2 ~ N(Boa E())

1
ol ~ IG(vy/2,6,/2) 6]

A7NA Nt IG =22 AR o S0 X (inverted gamma
d15tr1but10n)~—JU] sttt GS= e 47}0] 213 QE]- EAF
R 2, 5 Dol 4= 3lo™, 2, ~ NMa,B,0°) =T

A71A o5 BEF S ofmige,

CVM BHo| 4 2] GS FEE-2 TS Eq. (2)2 53 B2
s,

Izl B,0*) 1B, o), ify, =1
f(z’i| Y;G) = f}](zill'i’ﬁvoj)j[ovBi)a lfyz =0

0 if WI'P=0

2

m(B1Y; Zo%) = fuBlB., V)
(ol Y, ZB) = fi(olv,/2,6,/2)

A71A fla, bl= 2,7+ 73t [a, 0] & Tl J=A] o -5 e}
= ZJA&(indicator function)©]™, f.(- |u, o) la,b]
]oﬂ sl At A5 E PDFE oJu|3itt, 12
Ao PDFE o] gttt
§H 2 =0 XX) 8= (XX)XZ X = (a, -,
z,) 4 o, A Wt BAREE 5, = (5 + 2 )
(5 6+ 2163 v= (2t + 2 o] H, v =,

ke
~

I

_IR 2

+n, 8 =6+ (Z—Xﬁ)’(Z—XB)Ol gt 0o 2713k
£0" = (8, 0*") 2 5HH, CVM 2Ho] GS Y e &S
S 37 Al B o1 AS B3 HolHd

ZY from f(z|Y. g%, 0*®)
BY from f(B1Y,0*", 2) 3)
) from f(oz\ KZ<1),B(1))

ol71 A ZV-g A BHO|EH 2 o] Fo]7] nx 1HE|o]H,
o] & AlEdo]|E 57| 215 & Aol A= Geweke (1991)°]
A|AISE Accept-rejection method S ©]- 85+ th T3 Eq. (3)
O g o|Fo|Rl PHY| S5 ¥ HhEsHH, AL (4,
0’| V) ZRE 1] AlgHo|d 58 (7Y, 4V, V)& &
= 7 Tk oA ¢ WHESh Fof ohA] R HHESHH ARE
Hepmare G 229E (.40} L€

. o] g7l o] Aol Z7 5} ﬂ—“ﬁﬂ%ﬂr A= ALY
ool =, ol ¢ Rt A ke HE]al FolA ¢
HHERE Aapat F]ih oS B0, 09 4] 075 the Eq.
(4ot go] 72 = Q.



J.-S. Lee et al. / Journal of Korea Water Resources Association 50(7) 467-473 471

7 G

9* _ (/3*7 02*) _ Eﬁs‘)/G EO.{Z]()‘)/G (4)

g=1 g=1

Bt WTPE T Eq. (5)& &3 72 & 3t

1 G
WIP = =y 234 ©)

4,

HI

M Zat

4.1 WTPQ| 24 Z 1}

A0l P4 -SHAES] ALR] A A B0l tie B AIE &
& AASHATE 37O DT A5 414,570 1L
SEAS WESFE2 HEWE o), A2 454412 e
et S HA -SH7 ] 53% 7 ol AFsHE Ao
= LERg

CVMZ} A S i F79] AF Ao A= oo thet B &
£ @717FolFt o] A% 4 T E AP E(noninfor-
mative prior)’ & 7H33tth & Ao A s FAE AR
1 (By, Xy) = (0,10°%) 2F (v, 6,) = (0,0) = 83t 7]
Al L= 52D 5 HEE ou|itt. 9 9] 2713ke] 014 9l
= |, HAF]Z2] GS YElE2 A2) =R H 22t ENHE
of Witk gofl thet 2713t 0 2= ML 33422 44513t
J9| 11 2713ke] Y aiAIsH ] Q16 A5 5,00089] AlE

Table 2. Statistics of respondents’ socio-economic variables

204 Ak AH831A hoteh 2, Gs FEE (o))

rr

G'=10,000, ¢t = 15,0002 A5

I A9 RS QI -SEAES WTPS| A g2
oF 1,909¢ 02 A=t Bt WTPY 95% A1-877F
(credible region)= 1,833.2 0141 1,972.5¢.0 2 YEL} 2
AT 2827t o] U AUE FE295%= & 5 AUTh

QM Table 30|14 Hi= Hie} 2o, -3GAe] AL2]- A4
HPE2 A5 A&, A7 HSE AL tE Haesel 7
2 95% A1-8F7to]| 00] 3K overlap) == 71 © & UFERT
ol olE HFE9 AT A H o] )& 2HE0]
95% m|RH-S ofm|git}, 221l o]= HEH Q] B4 o] =4
At ofjA] 792, 5% ol A SAH S = FolokA] ok
ZitGAFHA s Al E 4= ok TR A5 A& 712 H 9]
SHA] A ARG o] YR EEF UL, 95% A-S
Zrel 0o] ZFE|2] pFo B g ASo] 22 SHAUSTE, A
= 7371499 SHALTE W] FTP R HHHo=
o =2 WTPE Hol= Ao 2 4% 4= Qirt.

Eq. (3)& &l A HEME=l gl Trace Plot= 4

Variables Definition of variable Mean Standard deviation
Income Household income per month (Unit: 10,000 won) 414.54 185.16
Education Educational level of respondents (Unit: year) 14.08 2.33
Age Age of respondents (Unit: year) 45.42 9.70
Seoul and Gyounggi Dummy for living in Seoul and Gyounggi-do (1 = yes, 0 = no) 0.53 0.50
Table 3. The estimation results
Variable Posterior mean Standard deviation 95% credible region
Constant 717.8487 307.8942 [120.4352 - 1,324.5621]
Income 1.2998 0.1849 [0.9490 - 1.6721]
Education 15.5978 15.4276 [-14.7489 - 46.0199]
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o 2,786.436 78.8692 [2,638.0001 - 2,943.1982]
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