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The Restoration Value of Coral Communities in Korea
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THAE HY5P7] S13 AlFS Ale-aL ok At et o] HevEA el v ARkAQl Frs e e Qo W
A ot wEbA 2 At A B (Choice Experiment, CE)e 2186101 =iu] Abaaef+] H-2lof] gt 5734 714
= Ao R Frletaak dieh. el TR AR 1,000 7S oo R AEEARE FAEsich A,
MAA B A T, e AT A Ak WA T 242 1% S7F S w7 AR AR E A 764,
78¢, 489 0% FAEQITE 2 1510 Aib= Ate el H9UAlS Brekal B Yl BEY RS FRishs A9
AFEelAl 85k R AFE 5 Qlek

Abstract — As interest in the protection and conservation of marine ecosystems increases, coral communities are
considered as important. Therefore, the government is planning to restore the impaired coral communities. Quanti-
tative information on the values of coral communities restoration is widely demanded, however, there’s hardly any
literature. This paper attempts to quantitatively assess value of the attributes of restoring coral communities in
Korea using a choice experiment (CE). A survey of 1,000 randomly selected households was undertaken in South
Korea. The results show that the marginal willingness to pay (MWTP) values for a 1% increase in the number of
colonies per habitat, the number of excellent communities, and the coral cover are estimated to be KRW 76, 78,
and 48 per household per year, respectively. The findings can provide policy-makers with useful information for
both evaluating and planning the coral communities restoration.
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o2 A AlA vl gekst o7 Halsta e Ate T A8t
ol 7k QlaL 21000744 sk 23t late] Aks 42427}
24~50% 4 T Aolg= oFo] 2.3 9lof(Cacciapaglia and

Woesik[2015]), S A8 el Al¥ERE o2} A= Q17ke] gholl = &k
S uE o7 et

ol o7 oo A5 E 1A W Bs) g Hake
PEES A% 9 Agst gk, o2 Sof nl5 TR
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(National Oceanic Atmospheric Administration, NOAA)
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Programs 2000<17-E] A2 02 2¢J31aL Q. o] 2ol = Great
Barrier Reef” 3[|%F3-92] 4F5 R % 3 2 77 3 (Reef Guardian Program)
S ArE ] A BAYE 7]97] flg B 0w FeFolut, A
ol 2te 5 F-gsh= AFRFES &8 XYkl ITH(Great Barrier
Reef Marine park Authority[2016]). ©]52] ©]2]3+ &5 173t
Abs 7t A FE Y] F ot FEE AP R QAR A S At
37} HAEW ofe] 7HA] s EE A 2 ol & Aolgke
71256 XEEH(Ocean Today). F-2lUzke] 49 Ats & »Ad
ul 29317] 93 W o] 7|7k Ak (Ministry of Environment
[2005], Ministry of Oceans and Fisheries[2013])°] &% 31 Q)~4]
Th NOAAS} Zo] A|&2 07 F7tellA| sk Ale o] B 4
EATRS fst A= AL glot

AR =] ti3EAR1 AbE A= ATl X8k Yl At
ZrEiR| ot} o] AT TEA|E YRS T W HAVIEE?
2 Aol #E 1 Qlet. o] 792 A MAR SR HY) Y& of
Bthe AEETE TR E o] Fa Qe o AHgHoR dher
Ao R 71 7}x|7} ul$- #=ok(Cultural Heritage Administration,
http://www.heritage.go.kr) B 913+ X441 #Ae|7F st -
Aolrt, spAE, Ht o] 719 U AkET) S e T A
7 2gstaL Qlo], o] & Hddk= Aol thgt A7) o)+ H i 9l

CHKorean Federation for Environmental Movements). ©he}A SF
3]

=72 7R ohet s o B TIXE 2k ol
AR E Bata A&H 07 AEshs 31 jEEA] =8
of & A Holt}. upebr B Aol FAeHE 7S A
sto] =l AbgrelA] J-del tigk 7 E Hrtekast gt
BAAEE At 9 2o FHARL] AAS W Aol
Al A7 =)Ao= Al dist 7ExE B A WS Tl
WIS AL(Min et al[2016]), ©15 F38l thFst SHEAIAH, 54,
B 55)E BVt At ] g, AAIEE 7S 48810
7kt 9] AARIRE Tl EAleh, 233 7EX570 W (Contingent
Valuation Method, CVM)¥}- 182 315 (Choice Experiment, CE)= %]
8510 71 ATHPark ef al[2018)). 0|23 AFES A4S S S
e F3H ALS Aol E 7EXE Fod ek Carlson[2015]). 3+
A, o5 AT F I A7-(Arin and Kramer[2002]; Ahmed et al.
[2007]; Mohamed[2008])el141= 4t5.2] 7EA1E 71gl] 9lo] 100
n|gke] &S A sl 3k slAshe & Ao AL
A0 7Z ATt B3 Fonseca[2007]2F Mohamed [2008]%]
= 99 g oY FARE AAIISEE CVM Q119 Tlol=
Zelo g Y] FgH T Q1= NOAA HER 142 CVM T A
AuArdoz AAE dojd /o] REdEA] okt iz
o

Aol eigh WL SHE AlF A S Al ek do] Q7] wiitel

=

&

eAE 2|0t BE5 SRl U= iF CIASID OFSCR Aex XHoz R4
23 NAIFASE KMo QUCEH MA Fch M5 X|THE, 40052| Ats=et
150052 01F, 4,00052| AX|SZ0| A1 UCKhtps://enuwnesco.org/). (accessed
2018.03.22).
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bzl gk 7k E F7ket Suld T 7S #H 2ol Park er
al.[2018] <13l B7he a2 AR7 itk Park et al.[2018]
& EAE ket 9l 8 Qs AU & CVM
< Agsto] AT T4 5 T AuARE TS U Abearet
o] AZIAE AT B A= Park et al[2018]°14
AEAE Uk sl 243 cvMmat 2] ofe] 71X £Aol
slo] F71ek 4= Q) CEE Agstart sttt o5 F3f =) 4t
FEHA Bl i3t 33 o] Mue) g7 7k HA 9 sl
Sk 71-0] AR E-2J ALl (Marginal Willingness to Pay, MWTP)S:
APg3Ic) CE= el 59 Z2AES asky vh)she 419
WS A ul, 54 &4 st st 7ixE Fgshd 14
h= A AAR ] IS = 5 ATH(Carlson[2015]). ©] o] ¥ A=
U abe e A Hgel| tigh 71X AAsH] WHER] CEE 4
gato] Frietar I A ARl Qe VE
A S S =
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2.1 QLA
AR Ak 9 wolrt FREl] nithdEe] A 2§
B4 208 Alwsh, olyst o] & A AlA nict &S] oF 1/4
a1 Qe =ule] A9, A sdella A 2lskal
o, A E32o] Huet Bk AAats e} sheskal obgrhe
o] AxkE R REETh GA eyl Aaks ks Aik
37} = AAEEL Qo ] dljSfellA WAE AR 132F 5 oF
92k 70%)°] AIFE AF2E G FH)el st it 5
3|, o] o)l AR= 32%9] ALS F 12F0] FAMOE BEE T glon,
71 2550] slskar AT etk AlAl H i <o) ke 2
SRk Q)T}, ool A= Xk 2002 ¥4 FHEEA, A, A4
& P el ow Agste] AElekar Qlot.

2.2 EPHE

CEell 7TH1o] == Aol &2 gEa-g=ls) 23 (random utility
maximization model)(Shen[2009]; Aizaki et al.[2012]) 2. &, A%+
ol A7} o] FAXA] = Aste] Mol H7)shk=(Tarfasa and
Brouwer[20 13X 57 % spue|th. Ay Atz
AR 83l o), AEFAF A SRR AAE 2 7] o)
QrelA] st iebuks AEE 4= gla, o] ti’lell= 714 &4
(Yoo et al.[2008])2} 7}l g} AA® 2 71x] &7do] gkt
T vlolele AR BAEE 2Ys ARgste] sk, A4
02 7} &4 0] /e oist MWTP 2= AAIA 7HE 9
T Stk B2 g Ao] tiAlElE AV ds AR &4
WHeE o 1] el thE 7HXE 7T W EY CE= -85
thal B 5= QITkKim er al.[2016]).
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2132 Z1HCF 4 AbEs PAVE o] 22 o), ofgol 2
Wbl 28] glass o

g8 ST e A RA AETo] FoH 1
2375t s el Al el 71048 Hnt. w2 At Akge o
o5k et Al B 2510l S5 MBI, AHH S
Jetel W) SIS welslel AE 442 AF o] 4
1 -+(Korea Development Institute[2004]; Science & Technology
Policy Institute[2005])14] A|AIe= AE Ao 571 A& &
Fatol APk AA, S M2 B w2kl Gk
S, £ W B 7h Fo A, £4E 2 olslE 5 9
% A2 R A 9 Rasolo} gk, YA, wskA 0w o
w7} Glojolstel, L0z ARKESAA nl7t AL o)} i)
ofo} B}, olef] B Ghol Al Sl AETel) Belol thet /S
BN Slajel 42164 Eielel ) S0 Mol
(Table 1), ©]ol] et 71 2F A2 Table 201 AAIBIACE 5, A2)%
G A S, ST AL UAA T TPA 0 R o]Fojzl &
Mol 7} £ATS AR AR G A o el o] &
A %ﬂw, o] wol AR A RS Svlgi, o

=

oz

ISR

g5t 167H ek o=

AEe] 47112

Apo] EFHES

ATl tiok A9 B, @AVIH] A= A E T e o5l

Ao H7 A 151
ot} g, A8 A @7 AT-[2004]; A= A AT
[2005])°14 = CESIT-9] A= Poﬂ EHOM CVM°1W 3] AH-

T aeaw, Y, AlE, AR i ?i%o}‘iiﬁ‘r ut
2 2 s A ¢?*ﬂi éﬂ 0}9,1‘3111 ol Abe et
A5 Jeap] Sl =71e] Arde] FUEY] miitelv. ZE]L’ 7}
A&/3el gt 919k 5 Agsh] flslo] TSI e 30
ollAl AR ZARE AAIERAAL, 1,000, 3,0009, 6,000, 10,000
doz 7h%‘é e A3tk

CEE th& oJaf) WMol Qi B FEAE AbEshe A
R N 7] Sl EAA A2 ol2E o8- 3Hh(Yoo er
al.[2008]). ©]°]l - ATlM= 7 £/32] E=IE 213l SPSS 12.0
A k! iﬂr A WAAE 5383 Lim e al [2016]0

HIATL = A0 R A A
e AR g ;% Fo] s st daow o5
_9_

S rER e T UYE, YR, A 5, AEEe] st 1Y A AEE wheo] 7 e ERoR aFs T 4 A,
%axu AR MERISh 215t A2 SR el ARl 8 APE A ) 30k AU 4 e o
(cover degree)s 2|n|gtth. 7bA & ArtgtetA] BdE 918 7 T shell o= Ssiet. wheha] ZF Sl Al 4744 A8
T7F AESRL Sl ARF ASAS] 7 FEEE G|k 4 *ﬂE% AlgstaL zh e AlE YellA] 37F4] et 5 shuks AE
Table 1. Descriptions and levels of the four chosen attributes in the study
Attributes Descriptions Levels
Level 1: 0%
Number of colonies per habitat Number of colonies inhabited as a small number of speci Level 2:5%
umber of colonies per habita umber of colonies inhabited as a small number of species Level 3: 20%
Level 4: 40%
- 0O,
Increase in the number of healthy coral communities including Level 1: 0%
. . . . Level 2: 5%
Number of excellent communities  the species diversity, coral cover, the number of population, and Level 3¢ 15%
marine life. Level 4: 30%
Level 1: 0%
Coral cover Coral cover is the proportion of reef surface covered by coral. Level 2: 5%
Coral cover is a good measure of general reef health. Level 3: 15%
Level 4: 30%
Level 1: KRW 0
.. . . . . Level 2: KRW 1,000
Price ﬁgf;:rcl)rzj(l) r11r)1crease in yearly income tax per household (unit: Level 3: KRW 3,000
Level 4: KRW 6,000
Level 5: KRW 10,000

Table 2. Sample statistics of the four chosen attributes

Attributes Mean Standard deviation Maximum value Minimum value
Number of colonies per habitat 12.22 14.57 40 0
Number of excellent communities 10.05 11.39 30 0
Coral cover 9.67 11.34 30 0
Price 3,350.75 3341.48 10,000 0
Age 46.55 9.47 65 24
Income 479.81 599.14 18,000 70
Education 14.04 2.27 20 6
Gender 1.5 0.05 2 1
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Fig. 1. Key descriptions and illustrations provided in the survey.
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BN

R A5} s SO e a'gsk yHart $EEl ¥
o R Y 9l SHAR BRE 9I5j] 717E AFe] 49
& 25 9l v 2040 o) 652 OloH ARk 8 2 WA B
SIS S Fig 13 o] 189] %203} g 5ol ch A
& 4195 A AL 5 ARISHL A AP B0 ol
% S Sich, 0 AR G I8el e
A

jg&

SHZAP} ohd AEZAL S¥I7FEl 3 A HA
Alell ZABERA B4 AHIEFAIZARE BRI A AL 245}

T Y 1,0007F77F ohd 0]9] Ak 2301 50071 AT AR
ZARE s et 71 o3de A9 ek Ridita =
SltH(Korea Development Institute, 2012).
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3.1 528t

ey & 3 YA 2= Z o= 78 (Lee et
al. [2006]), 1+ A7-ollM = MR & LA 5, A 5, A
AU A=, 7H S T A S =134 W, xol2) ek,
oJ7]elli= dAPSElel tist 53Pd<(Alternative-Specific Constant,
ASC) 45C= 11#3itt. Z,E ti]l k 7P Adssitiar desh S5
2ol eigt ggolet shd A (1) o] £HE = Slrh

e M3

Zy = WXy, T)) + &4

=ASCH+ BX, i+ BoXo i+ Bs X5 i+ BpXo it € (@]

A7IA, WSk gjaz A7 EEFL] AR it FEAQL -
wolok Wi AAS) Aeitiela 7hde] AEiRbEe] SAE )
MESHARES] EAXE(T)2 Teln, p= 2 $4l slidahe
Alg=oltt.
Grsks fdl ks Aeekar, 2olo] A 2 (1)l 4838
i, MWTPE 39 4= 9o, MWTP,, 7k th33 2t}

MWTPy,,=—(OWISX,)(OWI0X,) = -B,/B,» (171 m=1,2,3) (2)

32 CIEEAeS

0}8 2 A (multi-nomial logit, MNL)Z. 32| o4 B
McFadden[1973}12 7% 3t} MNL 282 7 gl tigteo =
¥ 9] %%/ (independence of irrelevant alternatives, 11A)°] Tt
Srjojolgithal 7Pt o] 7Hgo] tha: AlgHA|Q] Ao ® Ho)
A9k, 271 9% 5 231 2 (Closed form)S. = X7 g 4= i}
= Ro] alvk webA 7ol T5E9 dHolHE A Ae &
R E"ﬂoﬂ 357 drhd A 7HE BeE s g v B
& J= A 7, L veseet sk, ek 17}
desk Eﬂo}g kﬂ' TR 2 7% 002 FojEtt. MNL &
| i3t & 195 3 (log-likelihood function)y= th&-} 74T},

2

YAZNE CHORS Medst S1E rf Bl= OIS MeEfst &iE0| HIg2 L2 C2f= of
otel EXf ofF0| d&S BHX| %=CHHausman and McFadden 1984).

T (exp (W)
InL = ZJ:In L — 13 3)
S S expmy)

n=1

33 =R

F3E 4 (nested logit, NL)=.3-> MNLEH 7} @] 11A 7M<
o7 1A ¢7] wiEe] MNLEY S £ tijle] & 4 ity A
o] X—}”ﬂi SHARE 2d Ao AA oijkE: AdEiFvty 58
=], 3 A Aol SERRs ARrlo] dA ] tikks A
S]] thgh o H-5 At ek o] FHAF AAGE ik

a3

AEs gt oA Al tiek Ash B shubE A
R %D}. 18] 31 o]2|3k axkAlo] A oAbAA IS ATk
% Po 7 544 $H=THMcFadden[1978]). NL X&o| tf
g &7 (log-likelihood function)i= Tha-2} Tt

HKZ exp(Win/ ")j exp(ij/e)J [exp(7,,/0)]"

i=1 [mz:] eXp(VV/,,,/e)] + exp(W /g)
“

21 (@ellA 6= YA (inclusive value)o]™, 6=1 & ], 4] (4=
ANHAQl MNLE o] o A 712 Wialjof gt} o512 NL
H3o] MNLES X3hsh= 25 gJnjgitt. wheba] 6=1 olek=
A7 de g alok st

-

4. 2t 01X

4.1 DAY A FHEL

A AEE nle} o] AAAks SE wAive] duidE A)
s AAEIITE. 7 SRR 409] S5 AhRE AL 2
T2 07 4,000(1,000x4)712] tloJE] MES R st} T
MNL 2%} NL B¥E& =5 37 g @-"]'O]E]: EC 741?
2= AR OR frejvlsith. 7S A
A ols g F27F QlTk o] Ao I%E}X}Oﬂ 17}Xl o2
vheRdict, ok $A10] Fael gl 7H W] Algells
S7F ek oA 7H0] &FE afo] dolths 2 o
itk o) 7hAo] mgol Ao R Vojgivhs AellA Ads
] o]},

A 7Hgo] faeA] o -5 gelatr] 913 t—@xé?% F-5eH]
(likelihood ratio, LR) A& A3t AF7HdS 1IA 7o) &
=53 MNL B30 g8 BAESITHE, 6=1). CE HlelEE

WA5E7] 18 MNL 29e] A8-2 1A 71 9] Sjullel] F ksl
JEv NL B3 7Pds o8k ekow, LR 274 A 77
A BlIA 5.630% ARFEM, x5, = 3.841 BE, TS 5%
ol 71Zek, wegh ¢ SAIRRS AF7HdstelA 27002 7 H

]
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Table 3. Estimation results of the multi-nomial logit and nested logit models

Variables® Multi-nomial logit estimates® Nested logit estimates®

ASCP 20.8173 (-11.64) 20.6296 (-6.82)°

Number of colonies per habitat 0.0089 (4.98)" 0.0073 (4.66)"
Number of excellent communities 0.0090 (3.70)* 0.0075 (3.61)°
Coral Cover 0.0042 (2.02)" 0.0046 (3.01)"

Price (unit: KRW 1,000) -0.1260 (-14.44)" -0.0963 (-6.52)"
Inclusive value 0.6843 (5.86)

Number of observations 4,000
Log-likelihood -4,178.25 -4,175.44
Wald statistics? (p-values) 395.06 (0.000) 92.86 (0.000)"

Notes: “The variables are defined in Table 1. *ASC refer to alternative-specific constants that represent dummies for the respondent’s choosing status
quo alternative. ““and *indicate statistical significance at the 5% and 1% levels, respectively, and #-values are reported in parentheses beside
the estimates. “The null hypothesis is that all the parameters are zero and the corresponding p-values are reported in parentheses beside the
statistics.

om, F25E 1% BAFLE FoPch F /A HIAE A v, A4 “’1@‘:7} 1% A5sh=d 7Frg A7 MWTPE 242
I} MNLEZol| 3t 1A 7}g0] w=E A %}%% o 7otk uh 769, 789, 480 LEREOM B {O)E 1%l BAIA O
2hA, NLEgo| & 2] S48 MWTPE F4ak=tl O 214 o] 3tk Table 4= NLE& ] 378439} 4% MWTPe] tjgh
g R0 E AdEY, o]F o5 A&slo] A 3he 1 Algitt, 95% AE| TS AABISITE. o1F $13)| Krinsk and Robb[1986]71 #1

2 2)5 &85k NLEY O ZHE] MWTP 3k 4 4 91 st EeZE 2275 (Monte Carlo simulation technique)©]
o} ARG A F7F 1% St 5 ek ~r7} 1% 5°]  E3loA 71¢ wo] RATH(Park er al[2016]).

Table 4. Estimation results of the nested logit model

Variables MWTP (per household per year) (unit: KRW)
Variables Estimates (z-value)? 95% confidence interval®
Number of colonies per habitat (1% increase) 76 (5.40)° 50 ~107
Number of excellent communities (1% increase) 78 (3.62)" 40 ~ 127
Coral cover (1% increase) 48 (3.03)" 17 ~ 84

Notes: “The numbers in parentheses beside the coefficient estimates are 7-values, computed from the analytic second derivatives of the log-
likelihood; the symbol “indicates statistical significance at the 1% level; "The confidence intervals are calculated by the use of the Monte
Carlo simulation technique of Krinsky and Robb [1986] with 5,000 replications; the confidence intervals are calculated by the use of the
Monte Carlo simulation technique of Krinsky and Robb [1986] with 5,000 replications.

Table 5. Definitions and sample statistics of the variables

Variables Definitions Mean Standard deviation
Education The respondent’s education level over 15 years 0.45 0.50
Age The respondent’s age in years 46.55 9.47
Income  The respondent’s household’s monthly income before tax deduction (unit: Million KRW) 4.79 5.99

Table 6. Estimation results of the nested logit model with covariates

Variables Coefficient eEstimates t-values®

ASC* -0.8976 -4.07*

Number of colonies per habitat 0.0073 4.68"
Number of excellent communities 0.0076 3.65%
Coral cover 0.0046 2.30%

Price (unit: KRW 1,000) -0.0963 6.51"
Education -0.2065 -2.55™

Age 0.0030 0.71

Income -0.0148 -1.12

o 0.6845 5.86"

Number of observations 4,000
Log-likelihood -4169.32

Notes: "ASC refer to alternative-specific constants that represent dummies for the respondent’s choosing status quo alternative; "The symbol
*and ™ indicate statistical significance at the 1% and 5% levels, respectively.
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