J. ENVIRON. TOXICOL.
Vol. 18, No. 1, 1~ 13 (2003)

AARSE BATH AT QAN e sl e,
gl shm FA4 2o}

Estimation of Willingness to Pay for Reduction
of Environmental Mortality Risk

Ye Shin Kim, Yong Jin Lee, Hoa Sung Park, Chung Mo Nam*,
Jin Heum Kim** and Dong Chun Shin* *

Institute for Environmental Research, Yonsei University,
*Department of Preventive Medicine and Public Health,
College of Medicine, Yonsei University,
**Department of Applied Statistics, University of Suwon

ABSTRACT

To estimate the annual WTP for risk reduction of environmental problems such as outdoor and indoor air
pollution, and drinking water contamination, a questionnaire survey was conducted by dichotomous contingent
valuation method in Seoul. Several covariate models based on Turnbull, Weibull and Spike models were devel-
oped and applied to WTP estimation with uncertainty analysis. WTP estimates for risk reduction of air pollu-
tion were 13,000 won, 12,000 won, and 10,000 won per month in low-bounded Turnbull, Weibull and Spike
models, respectively. The estimates for indoor air pollution were 17,000 won, 20,000 won and 21,000 won and
these for drinking water contamination were 10,000 won, 13,000 won and 14,000 won in each model, respec-
tively. Goodness of fit for Weibull model was better than those for other models. WTP estimates for indoor air
pollution were higher than those for other pollution problems.
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54 Sll= wa wr gaol Be AR
(willingness to pay, |8} WTP)& FA sl o} 3o}
Agelgale alAst B Ashh el
AME a¥lse Az AdHes Apsaa
e Hdo FYeoz Axe F7F veRiT B
E Ml &5 o|3tellM viebde (R, 1999;
Tietenberg, 2000).

744 W3 v AE H3 AEAEY
& FA38) A% who 2 39 P90 (averting
behavior method), 3l =Y 7}7 7] (hedonic price
method), e 391]8-¥] (travel cost method), 7} 713
o 7} (contingent valuation method, )3} CVM) %
o] &A) 3} (Pearce et al., 2000). o] & v &2 7z}
7] A - el EASAT o] F A AAH=T
ZAaA717] A AR A e FH(WTP)
o] GriRlAE AEFRAME B3 FA 3= CVMo|
A3 9l uby oo Mitchell and Carson, 1989;
Arrow et al., 1993).

7)1Ed BAA GREAHY A71ed 58 Y
el gk A EJAE Y dEk A3 Sl
M ARF 8} Qlek 53 7PV B2 (CVM)
o] ]38t 3172 A (environmental quality, q) 74
(go—qnell W AEAFHe] A7} F5 o
F3 (A, 1997, A &S 5, 1999; S+
%5 1999; ©1%A1, 2001), W71 2 AR A L] He
AN H{EE 5, 1999), N9 Aqad
A (P934, 2001), RFALT Y AAF Atz FFa
o gt AEJAFHe] A Hw AF= AN
oh (3334, 2001). 28 AA7HA] B edow
dgk #sl= MA (Ro— Ryell o A E-AFH
o] FAe digk A= ik =3 A A
o) Hrht #e] surez A Hrbt HAE
F4EE o] AN, =&2Hx AAEEE S8l
zolmg, v} 37 Ao Zhio] dd AxrRo
= A E i wE A YA tjFt A7
7} o2 e Astelnt mebr] o] dAFelrx
BHeden A e Faol e Aw
A2l (risk—based WTP)E ZA3}7] Y3 A|=&
Sl AE Aoz WA,

w3 g7] o9, AWFY] 28, M= B 29 F
3} e dadel BHLAEAR AT A =e)
Aol e A AFo ol o2 AR} Al
Hl-gof] Hg A7 AFH §1%l7] e, 7]l A
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=2Z2EHE 29F A= g2l FrEy 2 9
g Ad 4 ook =3 IAAFEA L] AHA &
9 2ol A=At B B opfeh o volt ¥
2-3 o)l A (cost-benefit analysis)®] HJA}lw =2
ga5e] 373 o999 FHA Fa A (optimal
reduction strategy) A gl e} FHA FHw] 4F (opti-
mal control level)& AR, EA Ak 3 £ LA
F7}, F2 AA] AR, A AH AA Sl o5
Az A5z &89 5 QU

el B d7e Mg AE ez defst
7 FAlz A8k AP SAl= A AEYAF
Ag FA37] AT HEAG A =YL L3

3,018 ol g3kl ARZAE FATA

H7 Xy

o] AFME ANEAFHE H=3h7] A7
A Azal 2 AEAE AL, AR
(WTP) 34 23§ /dste] A&r g 4+
stodetl sl BAEA (7] o, ATl 24,
HE= 2 99)e) A7 5/10,0008) $ish= 314 (risk
reduction)ol] Hat 2| BLJALZFN & FAFT] $43)
o 7P} 74 H7PH (CVM)E o] 43l

A7l A 27 AA] G AL FEEFHeA
WA 4= gl 2k B9 (starting point bias)E
H4sl7] S8 Cu|2=ARE AlA)E 10,0009,
20,0004, 40,0009} 60,0009 0.2 A3}t
Az AREAE SR N3 294 F2
A€ (double-bounded dichotomous choice, ©}3}
DBDC)& o]48}9] on, x| &4tk (vehicle payment)
oz ARFE Adsld ol BAA Ade
2 9ols il AT AHE AT 40T
I 2L AEggegteoz Hrp 7S o3 aFe
23 EA3 dx RFpio]l A Hojo dgk
A 2o AZdel] BAAQ FFE F 227 A&
4 7] dEel 71 RFg A=EH

Aggrtgd-g FA4317 4% A4 md=ze
lower—bounded Turnbull method, Weibull, logistic,
normal model, Spike model-S A1&)3}glr}. Lower-
bounded Turnbull method:= Z}z+e] A Al Zoqo o
g 15hA] AE-ellA yes/nodl] Hf gt HRBHS )83}
o AZYAFNE F2A8}T, Weibull model 2 7+
Zke] A A FHol| ek 1A 9} 25HA] AR sk
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4717 8-32] uk2-(yes—yes, yes—no, no-yes, no-
no) A XS o]Lsled A3}, Spike model-2> Wei-
bull modelell A} o] &&= ARFT ohiel, no-no
2 $dsle AS AEY AT dxA 099
of Rol HEt HRAAE EFsle] A BJAFAE
A5 wh oItk AAl A EoatgHe] Hig F
e AEE o 4 g FAlolr] wiel, Bkt
FARAAAM AFET LRSS FLY 5 =S
27 AAEE 222 ARAEy F+4 2
o AmueaA 45, A4, A3, AW A, Fd &
S ojm ato] A QA (e at gukA
q QA= A edor Qg A Fhx|o] HF
o3gh), gg % 8= ddt A s A
et

1. X|Ee|Al2H XA} €Y (Survey Protocol)

1) AL CHA & B/

ZAL o MgAlel] AFEhe 204 o) Afell A
604 mwte] Alel Y 600%& hAle =2 stgich
AR 2 A9 Mg 18] A -5/
AR 7R her BRE 7 A9
Mz 127) AAEE 729 % (random sam-
pling)dte] =AM AN wat Aa} 3]
A= 2] EFeta-

7 FAlol W A& A (A7 5/10,0009
A= Fad Pl AEJAEH)E B3}
71 $15le] d7] 29, A7) 24, He B 2%
I 2 371 {3 A BFAFAE BRE
33 AEXE 47 20084 &gt of o, 3
7 FA EFo) w2 AR AL Ay
< Fx37] A% AR F A sgEe 3 &
AEA el HHEE dubAel A= 2Al9) ¥
2 gl oF A oJ3hE A3ty BT FYsial
CEF A B2 AFY wk-E fEshy] SlE 2]
A Fh2] 4714 73-9-(10,00044, 20,000¢, 40,000
2, 60,000)F 27+ 505N Al 2+ &gt

wdl, AFuby-e e E, AR, $HA
F 5] slevth $EAY &3 olsE §7) 48
Arrow S-(1993)¢] H33l= JEEgGAHZT oz 3
Arstelet. pEHEAEA TS 9 AR 71RE F
3led 2002 4ol AAEH BF HARAHo=
ZFAFES 3 2AMEO A DBDCAERPH S ¢l

L o

BRA FAEME AWs & Ak £siele
o, $AEe] AERALe EA 3 oldlE A3
eAe B3] ohA] ARl Al =rL 9
A= AaE A7) BAE 85t

2) MEX| T (Development of Questionnaire)

AFA 4L ZA Section A (AFEH 54, A
7 A R 4] A 2} o), Section B (AL
Al chst QA= FALA 2AF 39, Section
CEg 9 9Ysi=el d3t ZHAP, Section D (&5
Y A&u]4), Section E (A ¥4} fr=dB)z ¥
Fakdeh (Al A, 2002).

(1) Section A: 2173 R 4re]d A 99

SHA A BAAZY] gL VA ez
dAEE 27 A 2 49 AL zAREH A
7 e 2A-2 SF-36 (Ware et al., 1997)2] dubA
743t 27373 (1003 A43hel 3 FEake A
dstel WEel ERAAG w2 et 844
e U3 UTAY AR= AT

ko) Ag 248 9% =724 WHOQOL
-Bref (WHOQOL group, 1998)E Al&3lgen 2
A AR GBS AN, AAH, A2, 34, 4
% 97 5 59 Qodez Base s,
(2) Section B: g3 5 <14
SHA A EoJALFHe] oJeg njA Aoz
1= Y= Ad2lg 2ARIAE o] ofdedlA
2% 4714 AF ez ERsch A A
s AEA (N7 29, ANFT] o, He
25D g HA A=, BA sHsA, Il 3
9, 921 A= A5, 3P AR, 22 A=
T74A] Wgeell HEE QlAlS 5H H=EF o] 43}
25 714 T Wat s oy 9 3
7lell 238k 242 A|AlE Covelloo] d-o] Yzt
3ted AABAS. w3 SFAE osE F71 ¢
o Zztel BAEA 9 dael AT wzd 4
=& A7ske

F wde BHedes A T7HA AlEA 7
2 (A A oJ 3k, ARAEAL, A, kel A7k o
3, B2 whg, o7} 713, A9 dAdizhel o3
43 59 ATE o435 2AIH £ o
5 7hAe] WE nx2d AEE A7 ol
77FA] A =¥ Vermont’s Life Quality Criteria (US
EPA, 1993)& o]&-3}¢ic}.
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A A= AR ARAEAES i s
AEAA 42 A% g 7H A=E o4
o zAFsI
(3) Section C: & 2 $Jslxo] djg o=
HEH oz 1008 E<¢F 51,0008 Y= 7lad)
G ARIAFAE §E57] AAAE LA
dA Hsle 2o} st sl elsisla gleiof
oz, gEoly sllzel dE NS AeF7)
A o] RES FABAT A WA= d¢ &
EBRA (A9 gHe]l g &E, FAIA
A7 1 #F 5HE F2 AU SEHEHA &
. E8 ASs 2ARPL &l 4 =S At
A sk
g2 fE =S AdE F) A8 AW =
o
A

o
o

14

by Bgel Fe AHSE A shglom
A% 2AHE g & A= gl
o 9% BAE Krupnick Sol 3% 228
g3tod AEe) w1 Foe A FA
=8 ¥u-om (Figure 2), AFgEol 1,000 o]

o i o

a

k| £ Z 2wy} 10,0000} 100,0000]

A% 983 w2k ZE 7R 4 )
Bl £RE 1,0000.2 319t} (Krupnick, 2000).
aElx A 43 AP Hal=e SAAE
A A E L, SRAY] A e 2= o, A
o] =712 St SHN=EF 1,0008& Hr2 3o
7]3H 3ot

ARt o 2= AW o} AP} Y=g F2AT)
7] 913 33 P9 (F71AA7], A4, A7
Lo s, ¥ AL AEIa ok e #
Z1X717] $18te, 9] Pl ] AF3tn &
A vgel A3k A& FH JHHE 5H A=E
o]-g-3}e] A F-3}%r}.

(4) Section D: 25 2 A M| &

A g2)AFdel] 74 o] A3E mAE A5
o H8) AEsg, =3 IHIER) (=E Aol
A 27)1A717] A AR A A Est
W& FTE(IFH], T, s, AlE, 9
71} Bgu)hell djat MNel == sl X&)

< 7143 =E f=slct

(5) Section E: X] o] A}

THIWA FrbgelA Mt Fa3 A At
7P RS A Aeloh mEly AvE] 2.9
Z8A40] w$ zct o)Ed M Al AlvtE] 2.9
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Table 1. Bid structure in the mortality risk survey

(unit : W)
G Initial Followup Followup
roup of avment payment payment
respondents puzstion question question .
q (if, yes)  (if, no or not sure)
I 10,000 20,000 5,000
I 20,000 40,000 10,000
11 40,000 80,000 20,000
v 60,000 120,000 30,000

A1 #A (reliability)& Al 3k, 2] WA =&
AN AFE & e A B2 (bias)F F
&3317] M Aoz )3 7PsA] (under-
standability), 2 Ad (plausibility), ¢J=2)Ad (meaning-
fulness)2| A 7}x] 71&E FFAII =S HE5 3
A} 8}edoF 3t} (Mitchell and Carson, 1989). B |7
NME FHegez I3 Asxe] Wl A5t
SHAL] AB2eAtFN S F=5t7] 8 4 A
FAEME7] 249, A7 294, e B 2
Hsled zZtzhe] 37 9] AlEs 2oz al
g AR 8 B3 2o WE NS g8 o
g NG 2 YEXE ARk 3, section C
oflA SHAVEANA &3 Asi=e] sHdel H3}
o F83] AMAITIZ, Hel=e] Wt dg3}7)
A% 7% dukAiste] vl -(dlE B, 371AHA7I
o] v, A7) Bl 8)E AT Foll, $HA] &
5 5L 13l gl £ AS 2Tk o
23 B 37 EAl A3t A EJAFEE =
3171 93led NOAA (National Oceanic and Atmos-
pheric Administration)?] X3S uredstgde} 94
i 3 FEAlel A $lek 3ol AEHA A
g s A9y, 84 Ssi=S 1/1,0002.2 713
39 o, 10d 5 &g /HAsle A,
A o 1089 $el=g HY F 5490z ZA
(baseline risk®] 50%3 =£)A]17]7] 8 714 AHS
Aeslr] Y LS wlA3}) Ha dets A€
g 2JgFe] JEAE AESA o] W AE WA
2 7|1RFoz dlon, AEAAFY fui= 2T
A oF% A=y (DBDC)2.2 sgieh o] whie] 7}
A 2 AFL ABYA F27 Hd dAA oA
(incentive—compatible), A 3}4 X E-2] A} (protest
bids)E Aol WAI# 4 e Aol (Mitchell
and Carson, 1989). 27| A| FH-2- pre-testS E-3ll
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ARsAS St 27 ARG AweIAbe
294 ASelE 27ANA 2908 AAshed o
A AR ARE ASelE 12008 A5
A 2319 o} (Alberini, 1995). wWe}A] yes—yes, yes—
no, no-yes, no—no2 4 7}z A$r} &3}
(Table 1). =3} no-no2] #-2-dll& < (zero)d] £+
< 38| $1sted A ¥ ARAte} AEE A
g olfroll s AEIAT, SHE AF=E 1)
2t 471 A 25 HAY3 e o3|
Nurs A3t

(6) Part F: 7]} AR

g, Slel=, A8 Fho e F4l, AE A
of Hat ol =E 5 HEE o|43ld AEIA
o 2]z SRk AT B (Y, 9%,
&A=, A Bl dHsl AEIA

2. x|g2AtZ o (WTP) =3

AEgoabgdel HT FAk (median)> o5t
e 3717 3] mEES o443l FAs
SHA] AE2Atel] A AZE W& F3e
Y $=oz nde g AT F 34
3ol QA &4 g HER) (o, £25)F
gt AMQle] A AAFAE AL F A
A B A EY TS AR

1) Lower-bounded Turnbull estimation method

Carson ol &j3) 7|1¢% whiez =7] AAY
o] o3k =E2] HlkL-(discrete choice referendum
question with a single take—it-or—leave—it question)
e 383t A BAFAE FAAR. o o,
2 QA7eldE S e URgE F (0
10,000}, {10,000, 20,000}, {20,000, 40,000},
{40,000, 60,000}, {60,000, <} o], o}z A]o|A Bj
= 779 sagtes 7z {Bj)={0, 10,000,
20,000, 40,000, 60,000} ¢] 32, Pj= 7zt F7rellA =)
oAt 3 ot wekx - (mean) ]
FoAFAL okle) Ag Fol AEshont

5
Lower~-bounded mean WTP= X | Bj - Pj 1)
J =

471N, A #S 2] F3k (median WTP)
2 =3 B33~ (cumulative density function, )&}
CDF)&} 50% AAY e =jhsh= 739 813t

(#2) A|AFA¢] CDF 32 0.52 3Bl Fol
o] Zkell 50% AH] Fh& TR 73 A
($-2) CDF 7+¢ 318H(33) CDF gte=z 7% 3
(k@()es o] Aatslalch

Median WTP =Byk (i) 2

2) Positive response model

AQlelt 7Hge AN EE 488 A7} of
U= ARG AL B Agel sk,
oF £g3)ed 9lole] s FFAA 2 (risk reduction
strategy)2 Al#)3to 24 3+7]2] A (environmental
quality)o] ¥3}(zo—z)H & A4, AEYAHFY L
e e Ao o3 AAElY) (Hanemann,
1984). 710 A V(y, 2= M2 4 &4 &5
oy aFolch & ARAFAE 2AFoE
AN B9 AL W3 (z—z)FAAT AU &
SollE= W3 G (Vi=Vy). o] o, A LAY
9] 7k M8 B8 B 34 (probability den-
sity function, ©]3} PDF)e] o}e} Z}e]7} 9ot

Vi(y—WTP, z))=V,(y, 2% 3

Positive response model- & 27| AA|He) &t
A} gD 5 oA AA A Al a)
e EPALL o A AL A
93t 254 kg8 Weibull, log-logistic, log—nor-
mal $2o] Hg3elch. $I) g 2]
93t Hd) $=4 (maximum likelihood estima-
tion, ©]3} MLE)& o|-8-3}9aL, B4l At A
2] 3= F3}7] ¢} Newton-Raphson-& o] &
seich

j2xkAel AT AreAlel A arbA) gL
no-no, N0-yes, yes—no, yes-yes2A o|E& 47

ds Rog, Ryd, Ryy 2 718 o, 2 79§t o}
W 435 e o171 e 2] A, e
ZZ|AA A& ARG A5 1200 s F94,
b2 ZZ|AA RS g A9 2l s P
Yol

1nL=_§l{Rm,J In F (bs; 6)
z

+Ray’ In [F (bd; 0)—F (by; 0)]
+Ryd In [F (bi; 6) —F (bi); 0)]
+Ry,i [1—In F (b; 6)]} @



o] dj, Function F= 23X Fpzr], Adsle &
F 4% 49 o) wet w4y 20 $xg)
o] th2A AtE¥H

3) Spike model

o) mAE 27) AN A Awe) g
= A Aol et A BejA} vh-gat ohel
AR} g 078 FA7H EFAL. o8
Z2Z2)7)x= Rdo] Kristrom?] spike ZE A o]
Q7NN A3t 2 FHE AA Spike 2
o $Egse PO HAgEdel od 2ae
FAslgieh. £ Q7o AM-E Spike ] FA4
HA & A AYEHE ot 2

A AEefate] 3t FEHSE W, SHS
2 X=(x, X2, ..., Xp) 2 A3} pio} §E dA9}
o7} AAFU UG ko] 28 o, SF AR
) a}tel) W&t A A ¥F4 (indicator function)® 314
o), A el $= e o3 2o

Li={Fy (0 | x;)}t1-p0(1-8) -89
X {Fy (ai | x)—Fuw (0 | )} (-85S,
X {F, (ani | xi)—Fw (i I Xi)}pi(l_ai)si
X (Fy (a | xi)—Fy (an | xi)}1P&S:
X {1—Fw(ani | Xiy}Pi5:S; S

b, AA ngell g 2953 g3 2
I=log li'[lLi:_illog Li
log Li=[(1—pi) (1—=&) (1—Si) log Fu (0 | %))
+(1=p) (1-08) Si
log {Fu (aii | x)—Fw (0 | xp)}
+pi (1-8) Si log {Fu (an | xi)—Fu (ai | xi)}
+(1—pi) & Si log {Fw (ai | x)—Fy(ai | xi)}
+pi 8 Silog {1~Fu (ani | xi)}] (6)
219) AoA Foiz EPAG xolA W7t wroh
A& Bge vhga} 7o) Aojslgdch
Fw(® | X=90=PW<w | X=y9=

0 if <0
1

if =0

1-exp [(L+7" - x)/o] e

1

if ©>0

[+exp[—(@—H—y - /o] o>

™
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A7 A, uet o= 9= (location)9} A= (scale)
ot}

2le] Ale zHME] score vectore} A AHraPH
(Fisher’s information matrix)& A 2}spa &2 7+

o},

d d, 9
u(® E<—L—l,——>
©) ou 96 Iy
: score vector, 8=(U, 0, v")
d
10)=——U
) 3 )
_— P . 3 . > J
ou? dcIn dYou
az az a2
= |— 1 - -
dudc d6? ayaol
2 2 2
- 9 1 — J 1 - J 1
| ooy 969y oF |

gt medE 09 AL ogs
Newton—Raphson ¥ & o] &3} FA s}t

B =0 D4I(0)! | -6 m-1y U(®) | 0=0m-1)

continue until | (8;™ — ;=070 (™D | <e

0=1,2,...,p (8)

e} 7ol FAH FEE o] 43l AE2ALY
100 (1-p)th percentileg ©}-&-3} 7to] FAst T}

2ol

av=dIn (2] i 1 ©)

2w

1. 42 A3

Al A2AAZFAE f=3517] A7 Ag ARl
o] dul EAE Avind, $9AY] HF A%
3G, AAEA) AA ) 49.8%F X3t
o ZEPLFE 425%7F RETHH o) ifeilon, 1
ol 7 o HF A5 oF 1,690,000 010, A
Lol A8 HF AF7|ZHE 233 o]t

I8 Q73 BAS Avad, 9 W] &
doll AT ABAAFY 2ALFY AS, HF4d
22 38.94), JASHAT AL 49.5%01% 3L, &
T2 41.7%7F &8 o) felglen, 14 7 9
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HF 252 9k 1,510,000 01413, Mg HF AF
717k 2383090t AWF7] 2.8 dF A&
oArFe 2ALZES AS, FAA® 3874, 50.0%
7} AR 0, 47.4%7F HE o)AFe] AL
o9l 1909 ¥ FF 252 9 1,950,00081 %1
o, A& 7 AF7|ZHE 214301505 HE B
299 AS, FFas-e 3884, JA LA ]
&2 oF 498%™, 38.3%7F HF oo ¥
Zrolgla, 191% HF 4 452 o 1,620,000%] 9]

on, Mg Hid AF7|7HE 23431500

Z27] AAFAe dg 34 LdFAE AEe
AtEde] R WA HE-S-(ves or no)iHE T ¥ 7
A TR e BF AA] FHe] olAlS

Percent
3
o

Drinking
Water

10.000

20.000 Indoor Air
40,000

Bid Amount (W)

Fig. 1. Percentage of ‘yes’ responses to the initial payment
of three environmental problems.

o} (Fig. 1).

Z27] AAFhol i 3 LGEAE AE2
Aol 29A okE A" Wh-(nn, ny, yn, yy)S
Adrd, 7] 299 AL, 449 AAFY
(10,000, 20,0004, 40,0009, 60,000)o1] =) A
A $EAF mez SHI A 747 38%,
52%, 57%, 12% R 3L, AH-571 249 7%, A2k
A A2 (10,0008, 20,0004, 40,0009, 60,0004))
of A& AA S$HA F ez $HI AR 7
7} 24%, 35%, 61%, 50%°lg] e, B B 299
AL 7te] AA1Z (10,0009, 20,0004, 40,000
<, 60,000 8] AA SHA F ez $H
3 Alge 7t 44%, 41%, 48%, 8%} (Table
2). 40,0009 2] 7] A|A] Fhl A3t w3 A9
Fa, A7 29 AsE W7 295 He
E 2.9l vl3] nn 8o Rk

A E2jALZHe] WE nmnos 3 AlEE A
E At de A0 ExE B A
22 79 50% o1 AAFI Yt 53] HE
E og¢) dg 27] A FH 10,0009 =L
oJapbe-E ez $3 Ade] AELJApt o
%A} (Fig. 2).

7] 299 A= AA nn SHAUI3E) F
oF 61% (6973)7} AE2JAPE 9l AWl 2
Ao Aol AA nn $HA(134) F oF 47%
(633)7} ¥ A} slslen, [ B 2492 A
$-= AA nn $EA(1487) F oF 43% (645)7}
A& 7} dKde ek 7] g A9t A

£ AR w2 AF ARE AF%E el
E

Table 2. Dichotomous response of four categories in environmental problems

Environmental Initial Followup payment Rin Ray Ryn Ryy Respondents
problems payment (W) (yes, no) (%) (%) (%) (%) (person)
10,000 (20,000, 5,000) 38.0 4.0 26.0 32.0 50
Air pollution 20,000 (40,000, 10,000) 519 17.3 25.0 5.8 52
40,000 (80,000, 20,000) 56.9 21.6 13.7 7.8 51
60,000 (120,000, 30,000) 71.7 20.8 5.7 1.9 53
10,000 (20,000, 5,000) 23.5 7.8 27.5 41.2 51
Indoor air 20,000 (40,000, 10,000) 354 25.0 229 20.8 50
pollution 40,000 (80,000, 20,000) 61.2 18.4 14.3 6.1 49
60,000 (120,000, 30,000) 50.0 20.8 6.3 6.3 40
10,000 (20,000, 5,000) 44.0 6.0 14.0 36.0 50
Drinking water 20,000 (40,000, 10,000) 41.2 11.8 333 13.7 51
pollution 40,000 (80,000, 20,000) 48.0 26.0 16.0 10.0 50
60,000 (120,000, 30,000) 78.0 8.0 12.0 2.0 50
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Fig. 2. Distribution of ‘zero’ response of ‘no~no’ response to the initial and second payment in environmental problems.

Table 3. Comparison with -2 log likelihood estimates of

each model

_ . Log- Log- .
2logL Weibull logistic  normal Spike
Air pollution 260.625 262.279 261.777 351.906
Indoor air 258.962 262.173 263.288 319.933
pollution
Drinking water - 343 191 309,884 309.076 392.331
pollution
Aoz AEAP) g SHAY ulge] 713
¥are

2. X|g2AIZY (WTP) 3 28

Mele] AgejAtFHel] S njA Roz o
HE ANESEE 249 2l Arhsed ¥
A5t A3}, Weibull 23] 3 —2Log L3te] 7}
# 2ta1, Spike E&oll W& Fhe] 7Pt A, 23
AEgAL Weibull 23 o] 7} A3} (Table
3).

240 2R B5e mael 4T Fgelt
Wb AR el At weEbd =3 A3
o] 71 $2 Weibull 3¢ 7|Fo= 7} A%y
4t Al HusAbdel WAL e A
¥ B9t} (Table 4).

A7 24 ASlE WEST] YEsE, F
Yg 2ot e A9 84 Al A A%,

Table 4. Simulation results for the model with covariates in

Weibull model
. . . Indoor air  Drinking water

Covariates Air pollution pollution  contamination
Intercept 7749141 12333181 8.744831
Age 0.01338  —0.00001 —0.01459
Sex 0.41985 -0.00150 —0.49936
Education 0.00154 —0.28215* 0.33578%
Income 9.43E-8 2.12E-7* 3.34E-8
House owner  —0.06928 -0.10726 0.07253
Disease -0.69223%  —0.11790 0.04248
Perception 0.03946  —0.03627 -0.01122
Quality of life  —0.00938 —0.00057 0.01338
Effects on _

social value 0.04228 0.01641 0.01009
Test score 0.05160  —0.51630* —0.27031
—2LogL 260.625 258.962 303.191

*p<0.1, tp<0.05

2re] Ao 842 93] x| ErrZde] G
o} =3 FAY5E, 980 B EEE, AT £F0)

Fe4s, BAodel AT QY $Eo) FE4,
ASA AR AR WA QA 2T a4,

sl =e B AT A At 2255 A8
At o] =t

ANZ7] 2599 Asele Ao 545, =
F5E0] ¥4, FYL &F3l2 e A ¥
A Aol dv AT BALH AT Y +F
o] ¥&PF, 49 Aol 55 AFF s
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Table 5. Turnbull lower bounded estimates of E (WTP) in each interval

Environmental Initial payment

problems ($%), B; Bid range N; T; Fj P; E(WTP)
10,000 0~ 10,000 21 50 0.420 0.420 0
20,000 10,000~ 20,000 36 52 0.692 0.272 2,723
Air pollution 40,000 20,000~ 40,000 40 51 0.784 0.092 1,840
60,000 40,000 ~ 60,000 49 53 0.925 0.140 5,609
60,000~ 1.000 0.075 4,528
10,000 0~ 10,000 16 51 0.314 0.314 0
_ 20,000 10,000~ 20,000 28 50 0.560 0.246 2,463
I“dgﬁflggn 40,000 20,000~ 40,000 39 49 0.796 0.236 4,718
P 60,000 40,000~ 60,000 34 40 0.850 0.054 2,163
60,000~ 1.000 0.150 9,000
10,000 0~ 10,000 25 50 0.500 0.500 0
o 20,000 10,000~ 20,000 26 51 0.510 0.010 98
Dggﬁ:l‘ggogater 40,000 20,000 ~ 40,000 37 50 0.740 0.230 4,604
60,000 40,000~ 60,000 43 50 0.860 0.120 4,800
60,000~ 1.000 0.140 8,400

N; : total number of “no” answers

T; : total number of respondents

Fj = Nj/T j

Pj=F(j)-F(-1)

E(WTP) =lower—bounded value of bid range - P;

A& T3 A FEe] ¥2FF Hel e} FEl
93 A8 A47l FE44F 238 A EAF
o] At AR, A UFE, A5FF] ¥&5F
A &2 AbFY o] U

[ B 299 Aol 99 445 7
26l At QA fFo] H&,F, Y=} FE
o d& Al A4vt 22545 2318 AEYAF
Aol Aot =8 A USFE, T{pFo] ¥4
5 &5 ¥ ¥&55E FI9E ofdl2 e
735, 8A Aol e AL 4 Aol &4 F,
A5 A FrRe) WE HE QA fFo] 4=

A gl = Eihet

3. X EYAIZH (WTP) FHA

1) Lower-bounded Turnbull method

7zt 87 el A A E A FHo of3t
Turnbull ¥l 23 778 A E2ALZ9 7|9zt
£ A B Table 59} 3} 7|A 3208 A3
2] ol o A E2AHF (mean WTP) o]}

A7) 2gez g dzk 5/10,0008] YA=E
ZA2A1F171 8 N A EAFA e FFg

Table 6. Mean and median WTP estimated from Turnbull

method (Unit: W)
Environmental problems Mean Median
Air pollution 14,700 12,900
Indoor air pollution 18,300 16,900
Drinking water pollution 17,900 10,000
o 15000802 FYSglm A7) ez

gt HF AELAEN-L o 18,0008, HE B
2oz It i AEAFHL 18,0009 02
2R gl Y98 Y= Fh FEks
29 FA et B AEYAFY o] Ate)sl,
AWF7) 29o= Q3 2Bt Fodo] 7 &
Aoz eldch(Table 6). A1 B-2AbFHe) Fzk
(median)& 3t (mean) B} Aoz e 71
vehfiglen, tf7] 2g ez <3k <7k 510,000
A =E 27171 A8 A JEGAFY
FAE o 13,0009 02 FAHN T, ANF
240z g AEgrgHE oF 17,0008, ¥
E 2922 1% AEYAFHL oF 10,0004
o2 FAHGAC FARE )43 ABYAFIA=

S A A

o
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Table 7. Mean and median WTP estimated from positive response models

Statistical method Environmental problems

WTP values (W)

Mean Median 95 percentile
Air pollution 13,530 11,954 27,930
Weibull Indoor air pollution 51,334 19,891%* 57,710
Drinking water pollution 13,852 12,587 29,137
Air pollution 13,175 12,138 25,789
Log—Logistic Indoor air pollution 22,023 17,965 47,601
Drinking water pollution 13,174 11,975 28,447
Air pollution 13,048 11,868 26,435
Log-Normal Indoor air pollution 20,878 17,114 44,659
Drinking water pollution 12,492 10,913 26,522

*p<0.05 (among WTPs of environmental problems), ANOVA

Table 8. WTP estimated from Spike model (Unit: W)

WTP from Spike model

Environmental problems

Mean Median 95 percentile
Air pollution 10,700 9,700 27,100
Indoor air pollution 21,300 20,600* 39,800
Drinking water pollution 14,300 13,700 37,900

*p<0.05 (among WTPs of environmental problems), ANOVA

AUF7] 2gez Addt A EBrgde] Mg 2
Aoz debga, 47 2493 He B oG
9 A& 2w (Table 6).

2) Positive response model

Weibull model®] 79, ?)7) 2902 <8 |zt
5/10,0009) YA =2 FHaA717] A5 A A2
AFgY 2| Sk (median)-> oF 12,0009 02 34
Hols, A Fr] 2gez Qi A EArgdL
oF 20,0009, P & 290z <3t AEYAFY
< 9o 13,0008102 FAHLAoH, AYF7] 24
o= <st AEAIFYe] BAFH oz I &
okt}(Table 7). =3}, log-logistice]x} log-normal
EE2REY FAHRE Weibull 2] FAx|e}
2 7olg 2ol ke

3) “0” responseE (X &6l= Spike model

“0” responseE EF3 Spike modelol A FA
A EJAF) o}E- Table 83} 7ch o] oA
A7) 2o 1&g Az 510,0000 Hs=s 7
2217171 s ARl ABLJArFA 2] Fod) (medi-

an)& °F 10,0000 02 FAE T, AWF7] 24
o2 gt AEAFHLE o 20,0004, HE E
2go= qlsh XEAFHLS ofF 14,0002
FAEP oA, AWF7] 2oz Qg AEYAF
Yo] BAGFH o2 Fo3A w3t

o &

A= st HF AFAFAE FAI
Ak ARA] AL A FAHRFY o
st P ES o] Aot A AR (ERbHA AR
o2 g3t AFhH2 227 Krupnick®] 77}
Ao] EFiet. o] dFolAx Krupnicke] 72}

g 37 Az A% APl 2HE& T,
|54 BFEA e gt KBNS Az}
otk 2 2oaL FAE FAs= 23N A, 937,
A5, a&pEg e 7|7 HS o]fle] SRR
2] A (quality of life)e]v} <14} = (perception) -
& zAA F o B 238 e A
23 A =steh =& A= Wl w3 2 &9
Al el7] ool SRl Al Egot $a] =l
HEt AAE 54717 AT 99E 2R 2
AlA $RAE & v A ABAFHE =&
g 4 Q=% 3tstei

o] AFelr A EAFHE fFrE3l7] HAste,
s BAFA sl A S 1F(Group 1, H7]
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[
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