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Abstract @ Zostera marina (ZM), a type of seagrass registered as a marine protected species in South Korea, provides valuable ecosystem services
to humans, such as improving marine water quality, providing food, spawning grounds and habitats for marine life, and absorbing carbon dioxide.
Therefore, the government is seeking to preserve ZM by designating ZM-protected areas. This study examined the public willingness to pay (WTP) for
the preservation of ZM using contingent valuation. The one-and-one-half-bounded model was adopted for WTP elicitation, and the single-bounded
model was also applied for comparison. The spike model was employed to deal with many zero WTP responses. The household average WTP was
estimated as KRW 4,087 per year, securing statistical significance. The national value was KRW 84.1 billion per year. The preservation value of ZM

estimated in this study can be used as important data for economic analysis of various projects or policy implementation for its preservation.
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1. M &

NG A= HFRED S SES Zdet= Jidol
w QIZEALS] o -85k AT A Hli% A| &3 TH(The United
Nations Environment Programme World Conservation Monitoring
Centre, 2011). 12} 7] S ste} 2GS AL 213
A AT AzFebA sk H o . o] ol whel s FAE
A A ze] 7)e ALH o R Astyal i) weks] Al
A Zb=2 S FAEA A=) A&7 d GRE AT =
Hol dgtow HF 7 A3 HIHE
Atk kel S Gkl =
A e e 2ES 9] fa dAA F 885 Y
BIAAES AAsto]l defsta gl
I F 29 dFd AW L(Zostera marina)S 20073 ol
g5 At ﬂﬂiﬂ%}" s FAEAT A%
= gk AA, A
FHHE SdELS FFst] AATS
24 gl FdgstE Aeta Hxet 51 S 7
2ANA S F52E /A Sch(Short and Short, 1984; Green and
Short, 2003; Larkum et al., 2006; Kim et al., 2015a). <& E°],
Avelde] ¢lo] AT e ol WASTHAES THF
= f7lE BolelE whEa btk oM 5 wAlE
g~ kS 7HAA 2 tH(Zhao et al., 2022).
=4, o] LAZE 2o F4" A e LEA =
=o] AE kAl W] AT G EA A B
22 & A|-F3ThH(Huh and Kitting, 1985; Hovel et al, 2002)
A, A E AR RA B2 A FYEANA
Holg Algste] A ool FAEe] NS
= 7l A, Avyee RS F9
% sta G Eo] THY F A=
ek Al o7 Ame ] & A
¥dx lha% 15~20tol o] 21}, o] 9} 7o) ﬂﬂm o] A
A AAMH 2= S SFBEA A 7] 3 ko
e el o= FFS WA
= A 211 B 1 "8 (IUCN, International Union for Conservation
of Nature)ol| M .= BEj A2 T4 B EF 9715 Lelsto]
A Ee qAEE A4S (LC, Least concern)oll Al
ek ofell AlAl b= A Ee] AejAAMR S A48
71§18l theFst AW S A3Ystal ) tH(Fonseca et al, 1996;
Davis and Short, 1997; Long and Thom, 2001; Xu et al., 2020).
ol & 5o, nje Ak MERE s Fy o AAA 7} v
g AF oA AAAE 24T As Ao dddd
(Federal Water Pollution Control Act)2. 2 74 3}3L 3 t}(Federal
Register, 1990). &F 19753 FE Z#olE Hjgo =
(Great barrier reef) #] 9 2] 23 %9} Zylo] WAL 98 3%
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T RS A4 39 HH(Great Barrier Reef Marine Park Authority,
2022). FrEAFgNA = & 2] 712X (Water Framework
Directive)oll A1 G A Bl A2l A7 X222 ZHE A8 st
A 20 FF AE OIS A9S BUE YT JrH(Carmen
et al., 2019).

O =kl A e 4 5moolle] HlaA
& ol A A2 st7] wiZoll A2 A7k R skA| 31]"}—543}
53], Il Ave g AAAE Ak it dFegow
e A4S AEHAJT FAIH e ®, 2022 7]% A= 7
vl Bz WAL 197010l B8] 70 %7t 7 gn}

A Tl HYRIY=EE AFE 2= Avees 2
stste] Ao (Phyllospadix japonicus), "]'L]'U“]'(Coccophom
AN -§- L (Phyllospadix  iwatensis), 571 212 (Zostera
S A 2 Y (Zostera asiatica), 37171 &' (Zostera
caespitosa) = & 7E°] ATk o] T Tt A Acte] 7
WAl AAstal gl vl v e wo] th(Lee and Lee, 2003,
Lee et al, 2005). olol we} el x= Amede] AAA

langsdor),

caulescens),

W By o)A W Ex wold| tjdt theket AFsl o] F
o]A] 1L Th(Lee et al., 2001; Lee et al., 2003; Ok and Lee,

2014; Kim et al., 2015b) U A e At
= 297 g FE A RS 1este] 2 AFdAE =
W A et e AR RAE g o stof tigol
A4 AAA AAE FAFLA B,

wels] gas Am e o] Alests ABAAHAE A
HHow fFA7] e AvYes RAystnA o
AAom, aFFiite et =4 Aqa Fa AgS
STHOE AvEE BeTd9E AP, d&d AAE
Hdste] AnEds A FFEo2 A4 Frh(Korea
Ministry of Oceans and Fisheries, 2019).

gy AvEge] e AR FA s B it
dasty olzle FRloA R = Agor FdE 2o
o wepd B ATe @ o1 ﬂ%}b Avjzlare] wAol
EH?—L ﬁxﬂx% 7].j]§; xéaoh ﬂ7}o].o:] 24 4 quﬂo] )ﬂ
FHow ng5471 oE —éfﬁ& AuE ATsHnA Pk,
SENCEE ZA5 7FAZAH(CVM, Contingent
valuation method)° g3t Awede B gk A
E9] A& *}%‘(WTP, Willingness to pay)S 7438t} o] &
As) A= 10007H1E Yo AERAS =35

o] & =i e v 2o 2= U
A7 2 AFRIAES] VHNE FAT AY AT A
dE AA T teow 3FdAE CVM WHEE, AE9
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2. A A

HNERSAYEC] FA A 7FAE HF7pg ol A AFAL
g7k 9tk =W A FAFEl & Kwon et al.(2013), Lim et al.(2015),
Lim et al.(2017), Kim et al.(2020a), Kim et al.(2020b) Z+Z} 4
L A I, FEuOA R, Feutt AR, el
o] HAZAE CVME A &sto] F48qith ey B A
T thRE AvEde] B figk 7kx] ke ol 7t
Al = AFAZE ok ) AT AMEl = Giraud et al(2002),
Bosetti and Pearce(2003), Han et al.(2008), Boxall et al.(2012),
Dong(2012), Jin et al.(2018), Cavasos and Bhat(2020)> Z}Z} H]
Fo] seleh wphabA, 3ol 84 whohEY, Fo] @)
A, ekl Y EFF 3%, TR ol FHe np
A%, AsE mEat Ad A HE cME 488
of EAaAt A A7) Fa A7 A= Table 19 2.°F
5o} ek, F)-9] AYATNM AL AAH A Bohy
WES BT CVMeITh & GR R AAY 747
2 99 7bg del BESE PHES CMYS & 5 Aok

2ol B4

Table 1. Summary of previous research examining the economic
value of endangered and marine protected species using

contingent valuation method

Sources Countries Object o be Main results
valued
Giraud et al. United Stella $61.13
(2002) States sea lion (household/year)
Bosetti and
Pearce (2003) England Grey seal £8.0 (person/year)
Han et al. China Searass $17.86
(2008) & (household/year)
Boxall et al. Canada Marine $229
(2012) mammal (household/year)
. Finless €994, 592, 6.67
Dong (2012) China propoise (household/year)
Kwon et al. KRW 1,817
(2013) Korea Spotted seal (household/year)
Lim et al. Korea Ellobium KRW 2,346
(2015) Chinense (household/year)
Lim et al. KRW 2,570
(2017) Korea Green Turtle (household/year)
Jin et al. . . $1.22
(2018) China — Marine turtle \ hold/month)
Cavasos and United Staghorn $96.60 to 875.61
Bhat (2020) States coral (household/year)

Kim et al. Korea Loggerhead KRW 2,360
(2020a) turtle (household/year)
Kim et al. Korea Finless 2,730
(2020b) propoise (household/year)
3. d7YUHE

3.1 CVMe| HEg

UM AT AP o] & A= AT A AN
2o dEk 1A HrEE 98 cVvME HE3t CVME 1A
FA ol digk 7kx| g kel 7 dE] AbE-E = 2otk
(Carson, 2012; Boyle, 2017; Haab et al., 2020). CVM 842 ¢
A= WIPE ZAbal7] f1g dE2ALE 5oz 43
gob. wEkA VM A8 Al EFR A (validity) T 2184
(reliability) S SFHat=Ao] g AR+ Ao & oS
Al o] Th(Carson, 2012). ©1 73] F7FAQ1 A7t E 8 3HA| v,
CVvMe] A3k datol whel 3d A9 Bdd 2 A=A
& 553 A o2 Fekgti(Johnston et al. 2017; Setumba et
al. 2019; Humphreys et al. 2020).

CVMS AH&3h7] 913k 3 WA 292 371 o) AlgE
WEEHA A olat= Aolth ol F AAE A Al GAE F
et 19A4= CVM A#A FHlolth. CVM A&A] 71 A
N2 FHHA @owl & dAE 9urt gtk 294 =
CVM AEZALE F33= 3ot} ol A3l xd F

435 Az Abfield survey)7t T35 ojok
= A=

[ox

O

N

Z(sampling) 2

ARG Qe F5 AoAE 7 9AE 0% AAe

ERE R

3.2 CVM 4 E2x]

CVM AiEA= Al 7HA] Foz AR A, gt
Sl A HELEA AR S AR Fa 7%
9 Ao gk ARE A Ed, FEAEANA A

b BEE A A == AR A4 Sl gl 7ha
3t RS A3 CVMS AR AEHA &e
A ste]l A7t 7b5 3 71 A % (hypothetical market) S A A 3}

[Rakes

-

1 $RAT 3 Astel A AAA AAE BASES 8
= ootk webd HEAS) R WAl B BHe by

Aol SRAE oA 7]= Zlolth CVM AmZAbed A S
HAEAA G Astel el S AAE7] Al

& SEAT AR APgAgl ol
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EA, AN Astl dE SEAe] WIPE REF

2 AT HAAES AEds Bdste] 1319 3
HA Aul =g A&A o= o] &3l Aotk AnEde] o
EA AFAEHA AR 2 AEFE A, AFRE A2
A AE, olaksterA Folvt. A A WIP A& A

A&7] s A E S (payment vehicle)¥} WTP =1
o] F ZFA] AtaE WA AAE oF gttt A BT T A
9] (hypothetical bias)E St T3 Fuolm g Skt
71] & O}D“i 7o Alskel #Re] A= ASRE AF3E
foF ghe}. o2lgh A& arefste] & AF-olA A=
A2 A A s o}

WAl & A7 /N3 % (open-ended questioning)
l'ﬁ:(closed-ended questioning) &. 2 F-iE-H T}, |
Felet WIP 39S wol fridsli, $94E9
b vl ge] gtk mEkA EEdA =
1 T s | S H AR Al

Fo1zl g e gk AFJAL7E 9l

8% SIEE StuE FHAe] Q1A Rus d
2}l gl Z3HA] AARY o AEssE S5 94
T} (Mitchell and Carson, 1989). & P2 & Ao A=
AL S &8ss st
S HARE] *}ﬂﬁxﬂﬂ %
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A7) W Fo] B Ao A A el ElA)
1993; Korea Development Institute, 2012).
§l- g Z o} /‘]/\]ﬂ‘}it} B

1o rle

(Arrow et al.,
AR F2ARE 2021 6
F2U19 AgF7]
]_/\g_é A1
88 g,
A A= PR
3 M= Al
kA Kgk dF A
ZAF AAE AT A

A A

&
N

/K—IUZ/\]_

=21 A= jrd_

o}m 2 rlo to

oA XMEM 7}
= 1,0007H79] $H A=

=

=

= Cooper et al.(2002)°] A3t 1.5
A BEL SHEA A AAE
= TH(Haneman, 1984).
»ﬂ—% vl g Aot
Sz Z Aulo
, YA el A=
JM] gk AE 9
OS2 B2 AT

sho] «“op] @ efal
AA gt St
“oby e efar of

shtel A FY
2} 1597

R Sy

e W

2

>

#3}e], Bateman et al.(2009)2 1.57 7
Holg ol3t dxl4 EwAde] ¢uke
ATolAM = 158A REF F7F A&
AHgetA] eFe= o 7 Al (single-bound,
ste] 1 733};; A &2 A AE LA} gk
HApe] E4E vHHoR X
Tz} &har

(cumulative distribution function, cdf) S Fp(
A 23 GdBA ZE mFAA AAE
“of o9} «oll o R g gES 47 e o] yE
/\ oh:].

2}

Pr(el) =Pr(T > R)=1*FT(R§#()N“1) )

Pr(oh12) =Pr(T = R) = Fr(Rs o) @

)= el

A7 py p B (parameter)©] Tk Fp( o
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HFRTYE AL o] e s At - =7

g 2 AFolA 22X 28 gh(logistic function)Z
1 Arele] #AlE Aygoem sAT
<)o 5= py—pRelth FrFAH o2 a1

= ] ol eretal e A2 v
Al 7FA & shvtel sldE ¢ vk 0BT 21

N

ki3

St A=
ek vhe WIP; o) WIP; &()¢) WIP. o] &5 455
s o 7k aEabEe] ok AA, go] WipE AW
3= Aotk AAEL e AAF A ol e S
3 Ao ont 23 e A FARL e wWrpel o9

WIPE T-#8t7] 93 A& F7Feh 2ev g9 WIPs
A A S (point data)©] L F(+H)e] WIPE FIF AFH(interval
data)o] 7] W&ol 3tte] EolA F JHAE BT A e
el kel w7t féﬁ_o}\:}. ol¢} &8 Kristrsm(1997)3}
Yoo and Kwak(2002)ell A A A]E ~3bol= BFo] o] 7)o

EA4, 3()9 WIPE A3l A3 Add 3% o8
tgFEE et S WIPE 54 Astz 913 wAto)
dasiths AS oulgtt. ey B Ao Hrhoded
Avg o] Bdol g KBS o] Fo]A]7] of#lg Byl o}
Yeb geld el errh mEkA 2 ATl Al S-S WIPE
9o WIPE 753t}

4. =8 41t
41. X8

AEFALE Bl @2 8 AE = Table 201 8.9k o 9}
oh B AERAE FAE] Aol A EAE Fa & 7719
AAFHo] AAFHATE 1,000 FHAEL H|L=E 9
7 2Fo® FEEU Table 20 Aeh3 sleke zbzt ke
AR T AT Fe AAFHE WA AA G A5 o] gt
“of -0l ol B «olyole” SHE T=0S
o) &b, & 518 (=260+258)8 & & LEFTE mEE ) 1670

o] A& g 4o WIP &% 3= Table 30 Q. oFght}
SH EES ARy shkg ol A AE gl Ao
Tk o, A, A AR, A, AR, AdeR T 87
< & sl

Table 2. Distribution of answers obtained in this study

Bids Number of responses
no- no-
First ~ Second yes ;gs- no- no- | Totals
yes no
1,000 3,000 18 21 4 29 72
2,000 4,000 14 16 6 36 72
3,000 6,000 15 16 5 35 71

RS A8
4,000 8,000 9 15 9 38 71
6,000 10,000 6 10 11 44 71
8,000 12,000 7 10 14 40 71
10,000 15,000 5 12 17 38 72
Totals 74 100 66 260 500
First ~ Second y;; yens(; ;28_ n;)(; Totals
3,000 1,000 25 11 33 71
4,000 2,000 17 9 40 72
6,000 3,000 23 10 7 32 72
8,000 4,000 21 6 15 29 71
10,000 6,000 13 7 8 43 71
12,000 8,000 14 4 11 42 71
15,000 10,000 12 6 15 39 72
Totals 125 53 64 258 500
Table 3. Distribution of zero willingness to pay (WIP) responses
by region
Area Satpple Nmnberres(I))I;If:er;) WIP Ratio
size no-no no-no-no  Totals (%)
Seoul 222 48 53 101 45.5
Busan 74 34 35 69 93.2
Daegu 49 22 17 39 79.6
Inchen 59 16 12 28 47.5
Gwangju 33 12 12 24 72.7
Dacjeon 33 4 5 9 273
Ulsan 20 6 13 65.0
Gyunggi 253 41 43 84 332
Gangwon 25 6 5 11 44.0
Chungbuk 26 5 5 10 38.5
Chungnam 36 7 9 16 44.4
Jeonbuk 34 12 13 25 73.5
Jeonnam 22 11 9 20 90.9
Gyungbuk 48 11 13 24 50.0
Gyungnam 61 24 19 43 70.5
Sejong 5 0 2 2 40.0
Totals 1000 260 258 518
42 £ 21
T4 YL U 23 ool wpet 7 AR S
th A ol AHEE 4709 T el ek A B Table 4
of @oFsoqltt. Table 50 A|AE 15787 & 4 2
HE AR, Wald SAIF whel T R 2 SAA
o7 fFougs #eid £ vk =EFE FdE WIPE



(1/p) 1 +exp ()] o1 Tk
o

AR, AAF el

o FE 1%l A BAHCRE fositt. ~tola ghd 0.5196
o FE BES 05187 F ol 7b YA, FolFE 1%
N BAHOR Felstu,
Table 4. Explanation of the variables
Variables Definitions Mean Stal}dgrd
deviation
Education Educatlon level of the interviewee 14.36 215
in years
Gender Gender of the interviewee
(O=male; 1=female) 0.50 0.50
Head Whether the interviewee is head 053 0.50
of household or not (0=no; 1=yes) ’ ’
Income  Monthly income of the
interviewee household (unit 522 2.10

million Korean won)

Table 5. Results from estimating the one-and-one-half-bounded

model

Variables® Model wi_thoug Model _wiﬂ;

covariates covariates
Constants 0.0783(-1.25)  -2.2682(-2.84)*
Bid amounts® -0.1602(-18.64)*  -0.1655(-19.14)*
Education 0.1386(4.35)*
Income 0.0599(2.01)*
Gender 0.4249(1.02)
Head 0.3543(0.85)
Spike 0.5196(33.17)*  0.5209(32.68)*
:ﬂ‘.’fﬁg;:sfi"?asv"mge KRW 4,087 KRW 3,939
t-value 16.92* 16.90*
95% confidence KRW 3,638 to KRW 3,515 to
intervals® 4,590 4,449
V(fi‘;i:;ifﬁcs 286.27(0.000)  285.50(0.000)
Log-likelihood -1225.99 -1204.50
Sample size 1000 1000
McFadden’s pseudo-R* 0.017

Note: * They are described in Table 3. ® The values are the
coefficient estimates and t-values corresponding to them are
reported in the parentheses. ¢ The unit is 1000 Korean won.
¢ They are obtained from adopting the method given in
Krinsky and Robb (1986). ¢ The null hypothesis is that the
model is mis-specified. * implies that the estimate holds
statistical significance at the 10 % level.

W WIP =47 #dd ES448 HAHR2 A3

I #kell wist 212 F-ZF(confidence interval, CI)= 7|

]+ Krinsky and Robb(1986)7} A A]
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2 =i A gidiAe ZA oA 7R =9 AREel
ATk AA, 1.5 A 282 93 F F(response effect)Z A S
A7 9S4 Jvhk(Batman et al., 2009). °]2 HESI7] 9
g, ¥ AFolA = 1544 2E ] A7 A MA AXFH
of g SHVHS ALE3HE SBREE S AvE vwetazl 3
v} SBEE F4 A3} Table 60 Al A H o] gtk SBE o
A F4 WIPE 15744 Bgnc) v 3o} a#y
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BA B vg Ut AV HA Fow HAA
EWAgo] FHEE Aoz Aud 4 gl wela] o] F <]
AL 154 By 4 AT LAz

EA, 10007}72] FEAA =& Hi WIPE 2 2
A= &dd dart vt o] FAA esfor & H AL
g2 o] Bychel g dxAdS ZEA oot &
AP e Aa dato] 2@ FoE B CVM A
Aol W AE 2AGA 12 gro H BA4S oF
stttk ek mygde] A9 Q1 vl o] wet 2 S F
393, BT xEo Y], W A5 5o 54 H
APE W, = Abeldl= Fengh Zpol 7t gllvh. F, TS
NEAS dHay g Aoz Adruz TR F4
A 492 2yd gow s 4 9}
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Table 6. Estimation results of the single-bounded model

Variables® Model wi_thoug Model.witl;
covariates covariates
Constants -0.0838(-1.33) -2.3215(-2.92)*
Bid amounts® -0.1264(-14.72)* -0.1305(-14.23)*
Education 0.1341(3.69)*
Income 0.0669(2.04)*
Gender 0.4818(1.70)*
Head -0.3993(-1.40)
Spike 0.5219(33.17)* 0.5222(32.66)*
Yearly household
average willingness KRW 5,161 KRW 4,978
to pay
t-value 14.06* 14.06*
95% confidence KRW 4,527 to KRW 4,344 to
intervals 5,971 5,733
gflvlghf;:;isms 197.63(0.000) 197.64(0.000)
Log-likelihood -992.37 -971.70
Sample size 1000 1000
McFadden’s
pseudo- R> 0.021
Note: * They are described in Table 3. ® The values are the

coefficient estimates and t-values corresponding to them are
reported in the parentheses. © The unit is 1000 Korean won.
¢ They are obtained from adopting the method given in
Krinsky and Robb (1986). © The null hypothesis is that the
model is mis-specified. * implies that the estimate holds
statistical significance at the 10 % level.
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