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Abstract : The Korean government is considering implementation of the marine ecosystem restoration technology program (MERTP) to analyze the
current status of the marine ecosystems and causes for the ecosystem deterioration as well as to eventually establish a master strategic plan for
restoring ecosystem functions and preventing ecosystem functional loss. In order to determine likelihood of successful implementation, it is essential to
perform an analysis of the economic feasibility of the program. The present study assessed economic feasibility of the MERTP. To this end, the
dichotomous choice contingent valuation (CV) method is used. In particular, dichotomous choice (DC) format is employed as a method of eliciting
willingness-to-pay (WTP) response to incentive-compatible mechanisms. The study also employed the spike model to deal with zero WTP responses from
the DC CV survey. This survey of 1,000 randomly selected households in accordance with the guidelines provided by the National Oceanic and
Atmospheric Administration (USA) was carried out nationwide in 2013. And, the respondents were asked in person-to-person interviews about their WTP
for implementing the MERTP. The results showed that the annual mean WTP was estimated to be 5,414 won per household. Consequently, the annual
benefit from the MERTP would be about 98.6 billion won for the next five years. Economic feasibility assessment utilizing the MERTP investment cost
and expansion cost of the value provided that net present value, benefit/cost ratio, and internal rate of return are 337.8 billion won, 5.20, and 65.9 %,

respectively, which are bigger than 0, 1.0, and 5.5 %, and that the MERTP passes the cost-benefit analysis.
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& WIPE 71 & # X & E54 % (convex combination)
e 2 Adsle 9 2 (Wermner, 1999; Yoo et al, 2001a;
Yoo, 2004)°] A o|th. F=al A NE APHA Q] A A=,
A/ 1,000 7172 48.5 %l S TSk 485 7hh= S A
Al BT 9 R ol tia] A EAE A ]l
Ui 91S wgedl, ol et A3k WPl 3t AEAL
AR A &3] #FZFHTH(Yoo et al, 2001b; Yoo et al., 2001c).

Qo] WIPE= S FAEA EA71=MT Aol 79 ¥
Aol 28] 7]ojakA] kA 2 7t A EA 54
71N Aol @ds] FaAE o, e 2 A5A
oF 39| Au|zt a8} A XA 23l (comer solution)
24 2Ed  onw AAA o Fatdrt o7]A,
Ul ) 2838, yv S HA 5471 Md Al

3k WIP, 7= UE A&, he MAEAS YEYE 9,
m-= _/,\_—‘E—'O]E]—
“;aZX [U(y,Zh) | y+2Z<m)] (12)

Qo] w2 7H WIP Ame) £4L fsix e o] vt
Sol G A FLA7IEME Aol thal A A=
SAZE §lvhs AR S areeljopt Fhe oA el A, WTP
o] BEE 99 #hS e SuA 2F Fol wWIrE
T Zelw, 4A4 A Sl

2 4 = WIPe] gk 7eb] flsliA= Wbl
E Talok ataL, WIPY £ X2 F8k7] flaiAE o eld

= oHr > xi
™ Koo

b o] WIP S-S FAlsta 48 dopd #x| ¢
2 OF/E HEHAl HH, S Fol #tRt A= BAWF
e &Y FHolANt o= FEE o] &3t 48}
W AR, WIP Ah5e)l Zo] 4] g3t o #hs 4 7
A e AAGT A 5-oll= 4 Sh(specification)el] 21 ]
A ol go] EAlgt

ol sl gFstst 5= l=dl, 2 (8)9]
[e)

oA el gl cob o] S 09 WIS AlAw
G(A)HTh 2 Fo] WiPe FEEER, [N oA 1Yot
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e AR s, 4. A5EM 2
M=16WA SRt o] fol e — o) 4.1 WP &
JAASSTOE: BER=SARS RS Y “opy o —opy o)1 Table 1= WTP &-H& ol&ojul= FEolth SHF32
2ol ARRE £8T 5 YRS o, wop .o, wop]

ol o} ul kA 2, WIPS] FARTHFE G -;0) oPHRTE RS AU 7H o] 485%R1 485 7F
71 ARlell tal A& ejApt A

g} oL o] 2 E X AE(logistic) &
RYs TS Hgk wirE 5 T .

ol ol oA, §=1(a,b) ¥ W WIPS] FH L _ )

= A 49} o] AoH 42 HUZAA 2Tfo|ARY FFAN

fHU
N

148kl ~gpo)z T ASAEA 54
o

2
ZA AT Table 201 AAIH ] Q] H-F4W 48
Al A A ] S = QR E AAFAY T
[1+exp(a7bA)]71 ifA >0 ] A B | ltﬂg—l‘ ﬂ] x e M— '" ]U"l‘/] ‘A
Go(A4:0) = {1 +exp(a)]! ifA=0 (14 = 10008 o% ste] 1 qtrE A AAT el of
0 ifA<0 3 FAATE 25E FAEA=, ol AL AAlF o] A
AeZ AA o] diaf «dreta g3 gEo] Yolys
webd GAZA 2vtela Ryl I RIASEFFE  ousinz FHoR FHHUSS L 5 3

747y A (15)9F 2ok

ol
ol rr it
o
o
2
B

InL= Zln IY1—G.(4,)] (15)
T IGA) = G0+ 176, (0)
w=38 [l s (17
o] mj x3ufoldE= 1 /ln[1+exp( NE Bolem Fiof A
el WIPE 2 Sutdel wEe ejuaith @ Hagk V1A 5 FASUEH, V8 fol Bt g3
WIPE th&3} o] F4 ek FAA eI
AREAT W AT SolA] RES g, o
WTP=(1/b)In[l +exp(a)] (16 W AfEE V()9 95 @mnk)olth Wald EAFE o83
A% 249 RE A5} 0olete, & F4W AT} Fojv]
b ARMEL FOAFF 1%lA 14F = vk
Table 1. Distribution of WTP responses
"Yes" votes "No-Yes" votes "No-No" votes Totals
Bid (won) Number of Number of Number of Number of
Percentage Percentage Percentage Percentage
respondents respondents respondents respondents
1,000 76 53.1% 17 11.9% 50 35.0% 143 100.0%
2,000 49 34.3% 38 26.6% 56 39.2% 143 100.0%
3,000 48 33.6% 26 18.2% 69 48.3% 143 100.0%
5,000 38 26.6% 24 16.8% 81 56.6% 143 100.0%
7,000 42 29.4% 22 15.4% 79 55.2% 143 100.0%
10,000 43 30.1% 29 20.3% 71 49.7% 143 100.0%
15,000 31 21.8% 32 22.5% 79 55.6% 142 100.0%
Total 327 188 485 1,000
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Table 2. Estimation results of the spike model

Variables Estimates
(t-values)

Constant 0.0146

(0.24)

. -0.1294

B

id amount (-15.0 1)#

. 0.4963

Spike (31.96)"

Number of observations 1,000
Log-likelihood -1,071.46

Wald statistic (p-value) 239.26 (0.000)

Notes : The unit of bid amount 1,000 won.

computed under the null hypothesis

The Wald statistic is
that all the estimated
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EA A el A 2013 A7} (STATISTICS
KOREA, 2013)E 18206,3280] =& o] & &85 Table 49}
2ol A=re] G EHA EArsE Ao Az WS

coefficients are zero. The values in the parentheses are z-values. #
indicates statistical significance at the 1% level.
4.3 7 WTP| &FZ 1}

o] FAATENE Artd WIPS] o Ek2 Table 3
of Aol h=dl, 4 (el gk WIPE 7hd Azt
5414902 A= Ao, AEFH(delta method)S 4831
FAE o] gholl de A= 39U o=, 3 14272
ArtEl B2 FAHE Hd WIPE Fo 3 1 %A A4 2
2 frojstrh. ob&w Wit WIP FAo Fytd ESAAdS

Hkeg 8k Al g]t7ko] AAS 9138 Krinsky and Robb(1986)°] A
Qhgl W47 HE X E Si(parametric bootstrap) 7] =HZ

2 AEdel /NS AgHth A MEERFEo

oF 98,569 kgl o2 5=

48 % v

Table 4. Expansion of the sample value to the population value

Number of households
in 2013"

Annual mean WTP
per household (won)

Annual benefit
(million won)

18,206,328

5,414

98,569

3]4E 5000002 89on, 95% AT 2 999 Al
T-3Fe] AAFA = Table 30 Al =] 2L
wHZ = AlEdold 7R el A8 dake v 2ok 4
(a,0)2] FHA e} olo thgh Hak-F At AP S o] 831 (a,b)
o] tpiF AFEEEZTY (a,0)9] S TAANA Hd WIPE
Arksie o] 34L& 50000 WHEFeE o] HA TAYE 5,0007H
of Wt WIP #he A7lco = Yadd v Feollr 2442 25
%E MW 95% AFTHE F& F JoH, FEolA A4
0.5 %= WA 9% A= 77Hs 4& F drk
Table 3. Estimation results of mean WTP
Variables Estimates
Annual mean WTP per household 5,414 won
- Standard error 379
- t-value 1427
- 95% confidence interval® 4,756 - 6,275
- 99% confidence interval® 4,575 - 6,581

Notes : “The confidence intervals are calculated

by the use of the Monte

Carlo simulation technique of Krinsky and Robb (1986) with 5,000

replications. *

indicates statistical significance at the 1% level.

Note : 1) It was compiled from Statistics KOREA (www.kosis.kr)

o~

AL 20133 7ol B AFAA
of Bl E} A Z=AF kA A 5ol ule)
s 20126 12€ojB 2 9l Hels ka3
274 9(THE BANK OF KOREA, 2013)E ©]-83} X
sHd, 97,9279 Rk o] o)), ol&] B AL A= A
5AZF v 13 = AAIE L, SIS 4
WA 2 Asgbol] A 55%F A3
o] ¢] & A 742 & Table 59 2] 418,175

=]
RS

=] %

L

L

=
= &

Table 5. The present value of total benefits

(Unit : hundreds of million won)
Year The present value of total benefits
Dec-2012 418,175

3) 20123 129 ARAFEZERGE 106.7, 201313 7€: 1074, 2010%3=1007]5
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f27F gtk ol & 93l 20006 F-H 2009744 M= SE 5
5] 155%F o479 AGAHHE o] &3l FAESHEF(IPC) =
23 7EFY Tl T (medianyE A A
KISTEP(2011)& sl B }%‘ﬂ} 7W —Wﬁ‘z} e

‘€02 =, H, 3k e 2 EEs
=l o] Sxe) Ve %%71 Ea R 10.51013}. =4
?LOML ol &8t WO AIYEFR ohF =2 2019
g 20293 7k4] 1053 FoF ®!
(2029LH - INE7] e gt 3719401 gAY,
Table 501] AAE He
1744 1059 5
Table 63} 24|, o] %
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Table 6. Summary of benefit and present value

(Unit : hundreds of million won)
Benefit
Year
Value Present value
2019 73,780 50,719
2020 73,780 48,075
2021 73,780 45,569
2022 73,780 43,193
2023 73,780 40,941
2024 73,780 38,807
2025 73,780 36,784
2026 73,780 34,866
2027 73,780 33,049
2028 73,780 31,326
2029 36,890 14,846
Total 774,691 418,175
5. XY U ULE BN

51 dAd &4
D) AAAG A B

AAA B S grtelte £AVIHoREE HoM|gH &
(B/C ratio, benefit-cost ratio), W5-4=2]&(IRR, Internal rate of
return), =& A} 7F X (NPV, Net Present Value) 5] +=dl, AWk
Aoz o|d7} golsla, AAAFE S mE 7 71538 BIC B
Al 7IHE Wl AREskaL Slth

B/C ratio, IRR, NPV= 71 24 7[whr}e] hid & 7px

=

I 3L, o= g VETES FA A A Y] BAA Bt S
J&E‘r%} 101]“ AR g2 A97F AT ons B A
o] = B/C ratio, IRR, NPVE E5F EAslo] ZAA4 etdA
S A%

=A7IENE AL

#t}. B/C ratio=

(e
Fodwd wshs wen welue vErkgy o
3|

Falm, w2 o & (B/C ratio)> 1]

%

o)

T

A 2

AAAel stk wargth RRE AAZFA R Bae Wel
3} 1] g9 gho] ol WE e Faks PHOR A
Mo unyelgol AsA Felgu 2w FA4el 9
Chi SEETh NPVE ARl SR RE g3 6elS
NEdEe] AAZHZ FeAste] B Aol A F H§2 A

B/C ratio = Z

(1+7 t=0 1+7‘
IRR 18
;30(1+IRR 2 1+IRR) (18)
n B n C
NPV = Y} j—— — L
t=0 (1+7') t=0 (1+7‘)
2) AAA A Fa A

AAY FAE Fds] YA e FAUYE 713k dig
gdo] a3t ol& HlE FYo] dojuhe 7t 2 A
oo Aol dojuh= 7S elste] ek}

AR 717 FQi1E Y] A o olqrst AN ERE A
TAEALS v &9 Aol oA T8 AEel ALY &
2 o]% & A9 AUt YEhdE Y & AAA 4
7120 HelRlA o A 7HA W E A3t Abdolm
2 ZFosth AFNEAd e 8 7172 20143 5 2018

WA7bA] 51d7ko] S
FFr)= 1059 g A A A
FE 2029 69 L7hA 0]

H 82 7|ES7 ALy @ EYaldo] BT E3E o] gl o
R MLTM(2009)¢] ©415 (2009~2018) S G A wA -
2] 71 2A & ol AN e 20143 FE 20183744 2] 4
A BN ARE G831 TH(Table 7).

o

Table 7. Annual cost for the marine ecosystem restoration

technology program

Year 2014 | 2015 | 2016 | 2017 | 2018 | Total
. .COSt 18,060 | 18,963 | 19,911 | 20,907 | 21,952 {99,793
(million won)

Source : MLTM (2009)
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AFS] A E1ES KDI(2008)ol 27138t 5.5 %5 A&3teh. 3 H]E9 Atele B S0l YEEH v B
Hely} v g9 Hrk= 20123 12¥ AFHOR o, §7F AAe A Er] e WHE E(sensitivity analysis)S
M AE AT $ v&S g3kt ol Algat=dl, Wt E 412 T AAdel Fks

v g e Fa% W, dE 5o v, Hel, &
3) AAE A A ol oA 2 Wt dAFENE Wt ds Ag AN

A FAEA FA7IEAL ARGl e BAE EA A o] oA Wstel=A] ThetstE WHolth
T Table 83} ek A1 A3} Fulge] HAA7HAE 80,3659 2 AT s Hel E HE ®iste] O UgE 248
nhel, T o] AATHA = 418175k o2 o] = 9jsf Wepustel HEMEE £20%7k4] 10 %Y W SkAIZl o
AA7FA = 337810l o2 onh A7l AAAL BAS w, BAATE Table 109 AA = o] Atk H/M]E H]& 2
T WM Al 5208 AP E ] 1,05 23, AF WS HATIAY HES STHATIE A BAA
YHTAEE 659 %2 AL A Q& 55%S Zste] 2 EAANI}) foatA ®EAE Zdth S He 2 6] Lo
AL A B S SR o= Ax ®atgE & AYS o8] AAA EEAES

webA] 2 AN S Fste S ARS A o vigbAeith. dRgit
Table 9% A EAlolAe] v& 2 Aol 555 Fil
At Table 10. Sensitivity analysis result

Rate of change
Table 8. Summary of economic feasibility analysis for MERTP 220(%) -10(%) 0%) | +10(%) | +20(%)
(hun drg:i?ﬁfﬁﬂi won) (nﬁ?;n BC | IRR iiiegf:s 416 | 468 | 520 | 572 | 624
Benefit Cost won) | ] Y Cost 650 | 578 | 520 | 473 | 434
Value | 418,175 80,365 | 337,810 | 520 | 65.9 changes

Table 9. Summary of cost and benefit estimates

(unit : hundreds of million won)

3 Ok A Hols IIME FF kA o] {3}
Cost Benefit Net benefit SHFAEA =l ﬂsﬁ 1= 4 el A<l 28
Year Val Present Val Present Val Present g ARE A= setstal AL 7)E ET%(%‘ ok
A alue A Galue A Galue 2 AR g 5) 2 &4 UAE 93 dg go] I
2014 [ 18,060 | 16,226 -18,060 | -16,226 Q3T oo E Aol fiate] H S|EAEA B7]%
2015 | 18,963 | 16,149 -18,963 | -16,149 _ B
) ) ) t) 7];]]_/\ %oa@_ia}:/\a%%xqgis——,o] .
2016 [ 19911 16,072 oott | cieor T el i e o b S )
2017 20’907 15,997 _20’907 _15,997 ‘E‘ o\i?_q]/\if EHOC}:}\ EHZ” %%7]‘57]1% A]’ﬁ‘o/] }\] goﬂ
2018 [ 21,952 | 15,921 21,952 | -15921 F& ddstr] A8 AAA gdd 2AS FdEn &
2019 73,780 | 50,719 | 73,780 | 50,719 3 AAZA HWeel AL Y cvME H L& W
2020 73,780 | 48,075 | 73,780 | 48,075 WIPLE 7} 7ok ¢17F 9860l 9l o2 =459l m EA 2oz &
2021 73,780 | 45,569 | 73,780 | 45,569 SIEp
2022 73,780 | 43,193 | 73,780 | 43,193 P i ] ‘
2023 73,780 | 40,941 | 73,780 | 40,941 AAA B B AT FHlE dAVEA = 80,3659
2024 73,780 | 38,807 | 73,780 | 38,807 w9l 2o HAZFRE 418,175t P o7 AR £
2025 73,780 | 36,784 | 73,780 | 36,784 A7 = 337810 Wk o w2 AAAL BAS EFsitt A
2026 73,780 | 34,866 | 73,780 | 34,866 oM & |G 52002 AAE O] 1.0& Zbahul, Ujnsel
2027 73,780 | 33,049 | 73,780 | 33,049 - . . o o
2028 73780 | 31326 | 73780 | 31326 ©o= 659%= ARSIH ARlE 55%% Eahstel 2 AR
2029 36,890 | 14,846 | 36,890 | 14,846 BAAA BdAS FR wd inE EAAdy #1eS
Total | 99,793 | 80,365 | 774,691 | 418,175 | 674,898 | 337,810  7+AA|7)| AL B LS Z7A71E A9 AAAH EX AT}
F8tA WA= gdrh = Hel 9 v go] o= Hx W
5.2 QYT 24 St et # A2 s AAA BEdE StEsteR
B S B S1aA AbeEE AN gk el AR Ak AlE Absl e i,
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