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Estimating Willingness to Pay for the Tap Water Quality

Improvement in Busan Using Nonparametric Approach

E S5/ ed g

R

Pyo, Heedong / Park, Cheol-Hyung / Choo, Jae Wook

Abstract

The paper is to estimate willingness—to—pay (WTP) for residential water quality improvement in Busan,
using non-parametric approach. There are several significant advantages of non-parametric approach,
compared to parametric methods. That is, no probability distribution assumption is necessary so that there
are no needs to assume or test goodness of fit, model specification and heteroscedasticity statistically. For
the reliability and the validity of contingent valuation method a survey was conducted for 665 respondents,
who were sampled by stratified random sampling method, by personal interview method. The result of
mean WTP for residential water quality improvement in Busan was estimated to be 3,190 won to 3,331
won per month per household, while median WTP being 1,750 won. Provided that our sample is broadly
representative of the Busan’s population, an estimate of the annual aggregated benefit of residential water
improvement for all Busan households is approximately 50.2 billion won in case of mean WTP or 27.5

billion won in case of median WTP.

Keywords : contingent valuation method, non-parametric approach, residential water quality improvement,
willingness—to-pay (WTP)
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1. ME
1972 UN <1413 31041 58] 417 i)
Slel A% ARSI A ol A0 H BAEA

B3 A 8] ) 2 FAAEANIT Z G oA A B
gtk 1 o] 3 1977d 2] UN & 3] 9o A= 1981 ~19901d
< A FETEE 2 skrAE 1070d AgTo R HdA
skal, UN F3lolA= 0|8 w9t o) o1 Ao i3k v
13199t} 19924 19 old A= HEHA dd A E
o] 9 19921 6¢ Bebze] o uafjo] 2olA
UN SA37123] 92 Azo g “ggzor AN 5
A7k ek A o7t A4 7] Al 1
o] % Faklel digk =t A4 FHAlo] S E WA 1992 11
4 A7z} UN F3lol A vhd 39 2298 “AA &9 &7
2 A dxstr]e] o]l28it) o= HA AR =
F5 5 oS B Hl 2HE 39, A E], &
HE AL 5 ole] 7 2k 3 PAE Fste] AlA
Z4=e] B3S eAsty, AA EXE (World Water
Forum) @} 2= thkdk SALE vledsto 2 a1l o
& TAA QIAS F7M7I A} Sk HA otk

53] Aol disk 5414 Bals SEAIE 5 U9
gEe AdoMes “Be BE FAZ o] &oA] A%
M E 7HA AL 9o, B2 WtEA] AA AR QA F ofof
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o= FaAt FAvkS 13 s} ofyeEl et =
HE FAlol argate] Akl o] AF3] A 7R B At ARl
s|ads aEsk A E Al A 7HAFA] &
83 onE 7R (S AL 2007).

ojgf e FAYL o wel 2A BEEFY F
£, 3485 4 g3l &5, 39EF Tol Jo
H 2 AT ALET T /P8 TRIFAS
W&oz etk LSS 7l gk A5+ 2A
M 52 1A ARE o83 ALE F29 7HAR
g5 A e A4 52 Rl sl digh
ZRRpe] A LA FAH O E L = vk ARl &
£ e 4 8 &9 4 Tol I o o8y
= e, 2= AR 52 B Fa7]He] AH|~9
A2 WA ol gk AR A EoJALE FAste] AL
Z1Q1 ¥)-&-3 HelS H| el o R o] &) 53] &
2R A &AL 4L dIFE HAIE RS (aggregated
data) Ht= 7E7 ) 8k Z2AMALE (individual data)

oy

£ o] &3] witoll EAAY &S] AE A A
wredsted 83 ARE o8E & A (IFE 5,

ZAR7EZ=AW (Contingent Valuation Method: CVM)
& A SR e} QG 7S Aol A 71 A ALEE
I Qe FEA e AL NSO R TS
ZA4sta} shs FEA T A BEE A5}
o (Willingness—to-Pay: WTP)S A o]&olfj+= A
o] 71 54 o]t} (Mitchell and Carson, 1989; Arrow et al.,
1993). ZUFTHHSAHE Aol & T wf 7PIAIY2] S
= &3 711 A (hypothetical market)S WHETL Ed
SHAl 29k AEA = FaAl] Feae W e 3
A st digk 7Pl S
ol AbES] 7PEA QL el A
oAl SHAELS S| THHAR] Wstol tisiA] o=
AT AEIA} = A5 SHsH P ZARTIA S
A 1 Ao M= S8V dids] gor,

AT Y 5F HEHT] Yok

op

2) B SeluEte] A ASE NS BN TREE BS ASe
22} Qo) glom, AUk e 2o Hef Aese) PR
S AL, FEE, UL, FHE 5 olF BATY fre ra
ST mRA A ) ARESe S a5 /P 8e) AT
o ol 4719} 2L ofe] 8] 845 TG ABESE TE
S ol Te 919 A Seelohe o OE ERAAS

23 e, 3A EASret sk 71 8, FEEr, T8

FUGFE PA TIAA LG mebd QA 4BESE
TEG W AESrET @S o) vk,
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Houtven et al. (2007)2 meta-analysisZ %3lo] m|
%01]/\1«] TN ok AAA ZERF AT gk
43 0}0:11—_[1] 19681 A 2002y Alolef ez
07Nl e]2 a1, 1,014719] A Al sk 714
olFo TS Attt vt A E 1990
SE Al Aol digk tkst A5-A
o] W H AT} ot B o] AN Hels
A3 178 (1999),
97), HeT 5 (200D 2 5%
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‘ZH%(ZOOI) AFAE] B froE 5 (2006) 5

g
BY, ERPANIG QDT A8 E?ﬁﬂ

3
i 2788°JO]04 Ott] AA7F oF 334569 0.2 Z=A5ar gk
o)2 A= FEZ sl oF 48149 Yot}
A EF WTPE 3=A435}7] 93t 99 »Ee Ny
(parametric approach)dll 213 243t Ao o= H o
EHG} 7}244,} )Hz%oﬂ/q wlEl= 0 o] 984
o] dth (Kristrom, 1990). o)== 7+ 3k
©j %‘Eﬂ—t‘ ?3‘11]—7]‘—7‘3% A3 eSS e BEE 9
w|3}7] wiZof s}ehn e 7‘”%] o] B4 %jﬂo—‘.—%@ 2]
o QlejAe] B9 ﬂ} ‘?ﬂ

11

) digel AAAE AR SR 515 A
A B4e 18l ¥ 5 Ui ARES B2 # 99t e

Stk olB 9is) B AT ML PaAY] A9H B4

2. CVMz} B2 FHIWY

Aol SE8E AFEEANA TPIAEA A e
Astoll the WIPE 23 Aolsh= A 717w
(open—ended valuation model or continuous valuation

model) ¥} €] oA ZFx]E7FRE (discrete valuation

B4ty 29k 20114 2H

model or close-ended valuation model)& 3 HAHS Al
Fozl o] sl gk AAjE 58S F8E Z
] ol AT AJAE Heojgho 2y oé% ARE o]
g3l 7HXE Hrlel= o)tk o9} e o]Aik3

ARNRYE U SRS ARIA AT §

THIA Bl A A
A% (dichotomous choice question )< o]g3te] Ajste]
WTPE F743I9th ©]$ Hanemann (1984)°] Q’%E%
28 (random utility model)S o] &30 2 FEA=

CVMo] 8]=¢] ®Adra gt o3 345 45k ©
24 715% A%st9ch” Hanemann (1984)9) &84 %
29 (utility difference model)= Z} 7)elE2] #A&w &
AR o] o gt -3 (observed discrete choice response)

| 283 AL Hrgsitta 7 sich 2z 2o

_OBL

-

[

F

R R v 25, AI1e 54 el 9}

S AiAele] Dol oJEa)
SeAEel AUAANL o8] Slal F7kE Fole

AuaA He 2AL Ge 2
v(1,m— 4;5) +e = v(0,m;S) +eg, (1a)

o

Av(A) =v(1,m—4;8) —v(0,m;8) = g—¢,  (1b)
91] Aol A 0% AeAlo] e B8-S e
= Zola, el SEAE Aol WAE T (A)S

Agaford o EAsHe AL ek, £5& mo]
SEA HESHF JFS T 0D (g—e)

& o] 091 M2 SyAelil g e R xy &

r l

E " 4 (independent and identically distributed rand
Variables)i FEAIE T AS T Oﬂf%
70

= 7Pt $A5S SE FAE 2
EﬁéOﬂH gk YR

7} A= ek A o] AlEA Rl EAIE FEiA
DS T A= HHEL] FVHE (Av)o] (+)o]H ‘yes
I Gkl AXF Al A &S Folshs HAoR 85
SoistAA Alelth fyes'ehal SHE 52 354 (1b)
S 0|83t U Eq. (¢} o] & 4= ok

3) tietdo g AEW4 Aolo] 24 BF FRAYY CVEY
Cameron and James (1987)%} Cameron (1988)°l 9J3l =<]=3]
o, dAbe BEAHo FY3th (McConnell, 1990).
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Fig. 1. The Survivor Function Using a Non-parametric Approach

o714, 1 —eg o, F (- )& Avz 02 A5l 'yes’
Hkg-o] 5] Ay <09 A5l 'no’ RESo] T
= ne J-Erif?}—r (cumulatlve distribution functlon)

9,

l,—:_
Q.’%“‘J 7} Eh:} Eq 2)01] ]:H*o‘]_ EH?}E.E ﬂgv‘i—i%
S B A 3" S5 gl

u) rﬁ

Priresponse is "yes"}=PrC> A=1-G.(4) (3)

Eqgs. (2) and (3)S v]alshH
9} #e Ao] EEgth

AxH o g2 S Eq. (4)

webA Eq. (D& Addthe A2 BExIF G(+) 9
s FAE R T e Qi o9k 22 A
2 WTP 3 Aol slolM S4EEE 7Hsh=
B4 Y (parametric approach) & 241 O F-1o]
FEAEY CVM AellA Aes= ajolut. ahA|ut
CVM 2 HIEFE Helr e o] Fod = 9l

=1
L B5H gt ge mesd gowne WIP

=
o] FAEEGGY SIS 7P &, e F
P88k (piecewise linear function)ol] &J3f =4 ¥t}

o9} 7o N REFA HIHH L oz AA7HE e A
HolAM| &l i3] 54 FxE 7HYEHA g1 WIPE

Tol= WMo R Krstrom (1990)01] ol Ao 02 H]A
FAske] A7 & 718k AL, Duffield and Patterson
(1991) and Boman et al. (1999)°] 23 Rt} #-dE Hj&
T4 FAgge] MLEATE vt A= HIAIEA)
sho] 7Rx|H7bel| QlojA] HIEGAQ] HIHHol AREE

o= Zaldat 033 (201003 o]F7] 5 (1998)°] UA
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4, O]v‘i"“l(heteroscedastiaty #4 7}43 AAo] Ao
< W oluet vlaA FAo] golgk Wholtt (0]F7] F,
1998). FAHE Tz AT el A SFAE 1o fH

Sk “YES” SRHEAES ST F o8 R &
929343 (Distribution Free Maximum Like—
lihood Function)& ©]-&-3tc}, Z1of] uhe} =] &2]A18h
S 0~T Ato]ol|A] tiobA o= Aiate] A& lads
2 4 9l 017]"1]’\1 TE A¥X 7 (linear inter-
AAZHA 9] HA 5 o] gt
H] R 2 E-’F—ir é‘ﬂéiﬂr e Aol FAHAE &
= 1= H (negative) 9] #A|&2JA} 7}
wolth

ARl gEAte] Ag- AT o] FFE S F
shEo] #HEtE|ojof sl o]= AA|Ete] 7|27 T
x| ZerhA o)l U5A 1he] g
=< ¥ A 7F @24 (monotonic)
w72 B Ao o} Kristrom (1990)0] A|otsk A3
HIPHE ARSSte] SHEES RAshes WS ok

ol

i

1%

I VACIE Sy ®)

A71A, n= 2 AAE (el et F SHA olH, &,

)
= AA TR AR} Y SHAL] Folh o2

4) Duffield and Patterson (191)= BIESF2 SR o] 424 wd
o gt ‘shte] §elA <2l it (a reasonable alternative) ©]2kaL Al
ket
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3l Fig. 13} 2] dojzl A% & ol HA
S ARt omEx Hee Av|E FA4T ¢ vk ole
Ayer et al. (1995)°] 593} Kristrom (1990)] CVM<A
Tl Fx=2 83 49 PAV (pool-adjacent—violators)
S FE o]&ete] AFTHS FA vhA| she] T3
o= Fuste] Alkshs Aolth 7tEEHS AA]A o2 A
HAAA N (4,), HLAA Y (A4,), 12|31 24 A&
ARe] gk (A™)o) 3L, M25E 7F AA|He] FestaR
A FH lolgbal & A i AEAE TFEFS
(A, 4,), (4,,4,), (4™ 4,) T3] AETH HHES
et ®rh 2R, olef ZE ASIHES S5
A Frel sl Al 7] SRl B FAAES EE
g 4 9t} (Hanemann and Kanninen, 1999). <A,
Ay, Ay) TREE] A5 (1) Xo] WA (4, —A4,)p,, (2) X+Y
HA (4, - A))p, *(A —4)p,—p,), 3) X+Y+Z9] |
A (A,—A))p o2 FAT 5 U

(D] A5 7P BeAQl #3484, =
(lower bound) 24 €] Laspeyres %73 AlolaL, (3)¢] 8-
7 GiA A A4, &, e A (upper bound) 24

9] Paasche |1 vkHol| (2)9] A= SUHFAXA

it

ﬁm

)

Fe

o ol
O

K

R
%xgim Z715) djgkel wr) 48 j% CEERR
k. (e FAWAS Wi WIPS] Kaplan-Meir-
Turnbull 4% (Turnbull, 1976)¢]g}al F-=2=d| H]
T2 Hol 9%k H WTPE Eq. (6)3}F 2o

E T ol 72 L*e] ¥ AAE AT

f][ NPT ‘_2‘4“1) (1 —p)| 6)
k—1

WTP[_Z(Aerl A)pz+1 (7)
i=0
k—1

WTPU_ 2(A1+1_Az)pz (8>
1=0

, olde] 5

o714, 4,2 AAlEAe] 021 Z-F-o]aL
(po) 1olgkar & 4= vk ¢hd WTPS] 544k medlan)
2 FEEE0] 059 el AAFAS Tt

Boman et al. (1999)& B+ WTP, &3+ WTP 2 4
WTP2| #AA %S oh2 Egs. (9~0D3 o] 7t
A erslod

N\ rf'

5) Boman et al. (1999)& t-&3} o] ﬁ?ﬂé A AAE, o=
q (6)F TL3 AHE AL wrr= 25(14,+A,+1)(pt*p1+1)-

A44% 23 20117 21

k=1
(A = WTP)P (p,=p, )
var( WTP) = =0 n ©)
k=1
Z(Ai+1 - WTPL)Q(pi*p,;H)
var(WTP,) = =0 n 10
k=1
Z(AHl—WTPU)Q(pi_PiH) an
var( WTP,) = =

n

3+, Duffield and Patterson (1991)+= S+ WP} &
cbe] A 9 A TS ths Egs. (12)~14)9F 2]
Z¥7} A\ A8t T
k
WTP,,= Z AAp, (12)
k
var(WTP,,) = E pz(1—p,)/”i (13)

CI= WTPpp+ 2,y lvar( WIP,)"? (14

71, A4 = (4, —

7

A, )/2i=2,.k—1,

AA =A,+(4,—A,)/2,

AA, = (A, — A, )2+ (T—A4,)

Zoy = BTEATRES] FoFF (a)dtoll A9

A A A (eritical value)

2

FAbA = 15709] ek 1709 s 7R FYAE
A& Z 765.64 kit (2008.06.30 @A)l &ahct 7]t
P & AAS A ke] A9 2847%0] a1, Thro
b 23599, T8 851% =o]t}. 2008y ARl
3,596,063 (215191 31,4878 E3hHoz JA=JL 3¢
o7 A 11.87%0] 31, thro.2 FAR7F 11.02%,
AFsE7E 10.27% #ow}(‘j*w 2007).

e gEds & 1 sh= wE A
A5, slsHs % PEHT ,
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24.6%, 3EFT7go] 11.5%, H71HT3¢] 03%5 A o] FAgle] FelA FxES rhasal 19 vk
Eia=g AFHT ol 918l dag Ade 7 FENA R
3 PR AR - (http://water.busan.go.kr) To® FEEUL A A 18T Hit Feew
of m=w At Yatdasd, shEAed, BAErA, 2 6449 BrolH, HEAE (A9 28 H7|Eo= oF
Ho TS & V] Brdom T 24436 E9] A 2039 (&S] 2Pyt A=) 49 F8FE
AFsES BAretal qith o714 miE A gabd e ARESHAIRE ] A9 S8 9ol MlEL x4, AR
Fog, AT AT EoR, IFEATEE B 5o B8 ARSIt S ARt FA17] vighch =
FAFFOR, HIHAFEE HopATF o= 58 T of 7ot TR HE R AES Ttk 1
Farh Aze] A5G A5AelE AR Ao ga) el weA] Rekslolof gtk w3 FIste] ke 4
A Ferele] utet Aews /el FHEE 5 Ao} a1 A5 oje] S AZFojok &
AT FEFEH T FAAE 157 79 < U AR S sl 5 vk Aol A58kl tidsto]
THES st 7} vele] Hlgdl v #iaE el F2)7] v
= =3} B2 TR 23 (stratified random sampling) AU Aske] 7oA E 4 FANAEEEL
S o] g3kt 2A]7He 20009 82 8URE 10€ 11 2 oufd _ As FUtE AEE o] AU
A3k oF 27119 Bt AEFANE AAEI e, F 7597
o B T AE-SHol g d#dol fiAY FAA] 7 3.2 AEEA
A& FANAAA A dote] oA om ARNEES _
Hol= 9 (protest bid)2] ¥ 6971E #AAS UH 32.1 Mgl tigh SHE=
A 66571¢] S A o® gt o] =il A= EN 66589 SHAES o R FA e M8 4
ARGFolgte 4 Aas AETEORE AAEA NadE A A T HE A - A5 A3 206 0]
o} SHAFEN A Al EAT Ae 7] el vt 22 FAN gk AEeJr o] e Ao R yEhte
A g a7 Bag FA A W8S AASHATh v Table 17} 22 SHEEE YERSTE AA5HHE
“FEARAIZE 331 FQl TR Mk via 7] SR AEA 9 = 3 S ¢ 5 lew, Table 194
Aol whet A A8Hl, A=A 5o At 5 Fig. 2014 & = glzo] AAlFHo] mopdas SHol
FE 2 =s wA B o] Sie] o] FAW A stoll e & = itk
Table 1. Proportions of Response
Bid Response
(Won/month YES % NO % Total
500 45 71.43 18 28.57 63 (100)
1,000 39 65.00 21 35.00 60 (100)
2,000 27 45.00 33 55.00 60 (100)
3,000 22 36.67 38 63.33 60 (100)
4,000 13 20.97 49 79.03 62 (100)
5,000 11 18.03 50 81.97 61 (100)
6,000 16 26.67 44 73.33 60 (100)
7,000 13.33 52 86.67 60 (100)
8,000 8 14.81 46 85.19 54 (100)
9,000 9 14.29 54 85.71 63 (100)
10,000 11.29 55 88.71 62 (100)
Total 205 30.83 460 69.17 665 (100)
8) FRE TN tig BHH AE5d] 8 F” (Mitchell and

I
1A 38 dA ol Sivk

Carson, 1989) o] =2ol 4 ol&-8 "SRR & W Al
Qroz 2 Aot Qe Ao Ak
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Fig. 2. Probability for Acceptance

3.2.2 X E2At FH

Table 19] At5E ©]-&3fe] H|EFFA el
AlR1e] 7148 s del g WIPE 3
Fig. 29} o] WTPS| &R ¥3r5 =53

lo
rol

o
ol
ol
£
o

x
e %& g
o,

= 98 Kristrom (1990)9] 7H833 WTP7} 09w
FE2 18, §E0] 0¥ w& d¥RIPHo ofs] 4%
AX7A L] Hx2) 1376995 A AA7F o2 ALE-

3}93\5}.
. (6l A 7 A A FHE H = 4t

%obmﬂl Fig. 20l vehet nfel o] 5000114 8,000
Ae] WA ko] Rlg A 0w L%E}kkﬂ -]
1= Ao HASIt Table 201 Hebed whe}
o] AT 60009014 7000907141 ¢] =4 2+ 02667
7} 01333 0.169577} 0.15884% 712F wAHE? o] 9}
2ol WY setahge] ne ARojele) FEFE
Fig. 37 2t} ol7]4 F43he Aol etatgol
059 Z$-olvl, 1 EE Hed grolch”

o s} o] AAFe] et HAH FHHES AEF

& MREFAPEe] % T WIPE F4shd

o
Table 3%} 2t} 4723} Boman et al. (1999)¢] A<k
o=
%

o

o

3t AU o3k HAWTP (Mean)= ¥ 31909
Duffield and Patterson (1991)2] 3WTP (Ww1P,,,)3]
33319 R} a4 FAHERT, T 91,7509

9) PRI s ¥4 ](u am)% FAg. AA T
()9 ﬁ#()L %i@‘ﬂ NE7NE AT F A=E AN FY
5000914 80009 Alole] 4= *aﬂe (y) S BAs= Yoz

(0.1803—0.1481) = S
b*m’*”(’mmon“’]’ {Elo] 2Ee 4 T /\I]\j—r }\V\( )‘— /\Q—p—:ll"%

01]/‘1 te 5 BRI R (a=0.1503— (— 0.00001073 < 5000) = 0.23305) O 2 - =
0|9} Zro] AEHTPHA 23t HHTF=21-S |~ 0.23305- 0.00001073¢

E} Wb AAZFH 6,00093 70000004 BRAHE FEtEE
2 AgIGAY 2o AANFAE 47 gdFezZN 016967

015882 &=}

10) FU7S 8" £F8F 050042 AXNFAE FE Aog B
Ao M AAIF 1,00093 2,0009 2] =ete-5 o] 0.659} 045
0]7] wj&ol %k o] AoJof EA g, o] g AP HTH o
o3 #& 4= Qick

B4ty 29k 20114 2H

Table 2. An Interpolated Probability of Bid Acceptance

Bid Acceptggce Interpolated ggceptance
probability probability
0 1 1
500 0.7143 0.7143
1,000 0.6500 0.6500
2,000 0.4500 0.4500
3,000 0.3667 0.3667
4,000 0.2097 0.2097
5,000 0.1803 0.1803
6,000 0.2667 0.1696
7,000 0.1333 0.1588
8,000 0.1481 0.1481
9,000 0.1429 0.1429
10,000 0.1129 0.1129
13,769 0 0

225 2" Boman et al. (1999)9] WTP2] &gt ek
o] FAAE 7zt 9 2621907} 9 3780 9 3299¢19]
A} 9 3362€1¢] Duffield and Patterson (1991)¢] 21572742
Bt} v Bt} o] Boman et al. (1999)¢] £4to] Duffield
and Patterson (1991)2] #2tRc}h =7] wjio|t}, sHARL
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