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A9 YA MEYA BE A3 58 A5E ARSI Paoli et
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ot AollA FAA f1gel s dobuith

Franzese et al.2017)= =2 7|5t WRjo=® o]dg o} HEHMY
(Ventotene) 3l k1.5 -] 9} A |1} =(Santo Stefano) %K. 392 7}
215 FIskith ALl A Q4 HUtete] AETFA Nl M A
Al 710J8k= A2 %7} &l Z(Posidonica oceanica) & A3} AFE A2 %] oS

Fsteh. F AT A3t B ABE A AR oR T3] ofd

Ul A WA FIE AEs HAE AT T AT FES A
o} 815 thAt o & 81l th(Kang, 2001; 7+ ti4], 2007, 2010, 2013, 2015;
AU, G5, oA R, 2006; FH %, A, 2016; ©] 8], 734, 2008).

2 9A4E, 4 (2016)> A AASAG AU A &} FAME Tl
st Az 7HAE e, 1 AdE 13X 14129 9, @9 WEY 7HA
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= 4597 A/hacl itk FRIEA S owAlE gk Aol M=, A3tE 299
o] ¢, 1,782%F Y/ha, N FEE 1,745 Y/ha, A% 3,200%F ¥/hao] Tk
(744, 2010).8

WA 7P ZFAE7HERE ofyEl A &TbsAH 2o FIbd
A"l BEAE 3 F Stk Aol vk Ao (2015) §-E vt
AL AZE 2] ARE-e A A 7Fs oW X]97F A Sk v &0l 2.3%
2, AA BA A 9.7%el Bl w9 ZFE Bk o= Ar1A 1 #HA
A FElete] A&7 dol AAIA A A&7 el vlE] dAAs] st
U= S 9ngkok (o4, 2015:106). Nam, Chang, & Kang(2010)2 F-¢1 %

Al SAEA AR de) 3L pgsel BAFEHS LT AZL
5 ATE FPAAL AATAN SRS T FE A FES 2AR

8 FuE AREF018) AFLES THAE WA= F7heke] 2.43 X107 sejlyr
(20151 71<5) 9 s EESEATE shAINE gt YA E ek Aol AlF
72 AAAR 7 obd alebd dolE ARESEY] wiEell Aagks Ao+ o}‘ii
=

¢ AT AT A = BT A, AT DeldA], A AUAE 2T E‘r

10 of W 2] =2} H] & (emergy investment ratio)> 3 7Fl 2 Al AE] 9ol A 9] of
M2 e} oM FEE WA B AR ETHs ol A2 9he vl &
oJt},

29 A & ] ¢



A, oM A 55 o] &ato] tho|W &9 A&7 A S Brksta 34T
&8s &5t

of 7= AMUYRI T AEjAZIE] Aol FH3 FAl A
A5k Y 21 S (Christie, 2011) tFFQIth= Ao A xpEA S At} 84
S48 HrtE Fa A o] 4] e AYFAL AAdsiA Y A
A seta 2AE wpdsE Tek )&l H7h FAEA O 483t
R oA AFE HARITA| A Esto] FAFLHS AEHTHE
Aol A AT AEA S Ad) o] Aol EFshs oA H7t
Aol oA AFs FR T A INtR o kA AR F
s ol Aotk
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A2d APAT

FATEHS MAT YA FEet Goj2 «“gk AR 9] zpglo]
FA = = NATFY AMA 2 A 2 FHHRicklefs & Miller, 2002; 74t
21(2010)°1 41 ARJAE). BA &> AFEE = okel wet thEA F o
ok sk Ak Ak o] e A B8 “Folxl e Wl

A FAE Qe A AT ¢ e AEReR J9d F AHY R
&, A, 8%, 2003). FFFEHE A ARS] ] A gk g A9
A A7 AEA oz FAS = e HAd A7 B Hd A AA S
TEw AFEHLE & 5 vClew, A, e, 2020). ©]F vt
gor w4 Y HYEsTgY SAFEHS AA AE oArtEsAt
o 5 wAeld A = vk MY e 3 @FFEEE GBI T
ool MAsk= JHATZe] Hdl A 5 Svldtth ortdEA 3 2k
TEE AR A=Ystet Aol FFE vAA dowA o
&3 = Ao AT 2 A 5 Ak
AFRT ol & BFEo] A4 AT MA +7F Sd-8Y FH
o Al Th A S A 7S] Hej 2 TR SR e e o]
S 7 g A dTtel A SsE /I3 F oE2 ST
=7

@k SR AT F7hE Qd Ad B0] SAHAL ALH L ol g4
Apolel Aol MATE o Hue Mgl 3 At A7t Bejo]
@ & Ak A AR AAG A ol b5 AT AllA Q1E
FRA P nA WA 87 F§ b5 9 B AL
W elolth o1& <13 2-1>0] ERRR o trol st oj kAl (o]
e AgnE el FYstel 4 PRI AYATE <

2-2>°] g3t

f

=
>,
N
it
9
ofo
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@212t 1o B7HE

[y (<

@XtA, @2 EHS

el 3otz oretgel

< 22> To|W3} Al ol§ AFuB T FHFEY HPAT Qo

H A
A FA87] Bk WAIZE 249 2 A9 A 5 FA o)
@ A1+ 9s A9 AN S8 AR
[FRsT HH ZAE 2AAL H F7}H
YAl AR MPAE &8 ]Oﬂi‘i} v 7EA A= 7F 340) #9row,
@ P sHA F Hol, T AE, Abdo] fostA s, & MAl=
2] At :r“’ of A vk %ﬂg(Babcock Phillips, Lourey & Clapin,
2007). MP FH A (YRt =77 AEFo] 3|
‘%%(Cardona et al., 2020).
© thol W) Aol AE SR Qs tolH g8 SUE A BoALA o R
F%k A4+ o Qe
toli #g 7110 Ats tAE Fade P8 H o2 4 (Serour,
® 2004).

oA % EH:rLJ A&7 st WAl o EEE 4] fdlA= A
APYES dolofsti=dl, dE A UA k= (Hu & Wroblewski, 2009).

© [ "ol 7t S7tEss A B 3] Sl (Serour, 2004)

[e]8 A7 S7HGE D) E g Ad ] He) A (F7D]
tholH] el wE Abg JE, vk grell o5k AX BE s

Dl S dagdud £A4 olRel AETe| 249 E71E
7191 (Prato et al., 2016).
18 47 Z/H@) = 48 a9 A 4L (Z D]

g | FA HeIEE delust weld ERICEE S N

WAIE FAISHE o AEZo] Fkete] Aol gel E&ol =M,
oﬂf‘ﬂoﬁ’j% A28 W WA (Prato et al., 2016).

WS <I¥ 2-1>9 W3, A5: AA 24

32 - A2ty



A 348 A3 "
1. == A

A& AMulAay AgkE sy g oz F9ly sHEe of

U] %] o] TH(“Emergy is the available energy of one kind of previously used up directly
and indirectly to make a service or product.” Odum(1996:7)). EUFE & =
AFA g} oA E Astd vs3t 2 Furels 7 U A(de
& o= Aol 3l AdA)TE ik U EeE dlv A 4
2 RElE o] ZARY(cal) B FOE FHT 5 Ak ol v
M A= SUFE 7] flal AR BE olyA g o SEt o
A= oldell ARGE oy A V]=ol7] wiEe] “olluA] w52 (energy
memory)”2t 115 &t 9= A= (emjoule) S AFE3HT) o mA]o] dAlL
AuA o] do] =t Zlojtt dol b oA E vty fls a7t
A FFE] ovA R gatsk=t o5 Bldelm At sk @9l HYAE
(sej)ol .

of W %] (emergy) EH7FH-S w52 A|AEIAVE| SR} Howard T. Odume©]
et Jdow @4 THA e BAH HAE FdsA SA4E 5 e I
SH7|Rk B7F Al agolnt, oA S Frteky] Sl = e okEE VE(<
a8 2-2> ZFx)S ¥ o7 28 V)5S e A AE tholo] 1S
ARG U A E Vo R 7] wie] o] & olUA] AJAH tholo] 1
Holz} F-Et

=

1 o] AL Odum (1996)2 F=3ko] FA 8T
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oNi7=] ;E(energy circuit): At ofuxie] ¢l HEsk=
TEe Rk

077L7X/7:J(source)' SRR v i 3l wet S Addeks
Q- o), %4 $14(a forcing function).

A Gank): MR G4 1 Alele] wgell ofal RS
APdahz oluiA] Aar 7 e

A (heat sink): Bz A AR Mgk 3P} Aare] ERkE=
A AR E de] el SR 2L Alglel] ofgk A o€
&4

XS (interaction): 7 7377} o1=2] Frell HIElsh= fEe el
P slell deakgels WAl she] E50] te s5s Hsks
2183 Ag Q4 285 o] Uok= 3

SR Hconsumer): AARE Wskslal Adsh, #3le S/
Sl A7 15t} AlE: HH sk wWhel.

AP FFE(switching action): SR} oFde] 290 2HE-& ANRSk=

rir

7135,

WREHproducer): =& A oA S5 THsl] R A9
oA gkelal o= kel

RSl oifx] 5 IRHself—limiting energy receiver): <% ZAE
el REgSR= B2lo] Yako = Alskele] Q7] wheell 74 F=%150]
Eold ] A HAgke: fEshs Tl

Yo o WS} 50 BHE S Gl V1%

r|

7Y B= 227 (constant —gain amplifier): Z20] 5] 190 H]Eﬂ%]H
Z& Hehlie 99, ouiAlel S71 26 Ak gt e st
&= W3l

A (ransaction):  FACGD Sl AR wlo]  o]Fofx|=
AECPDo ApIAE WE Rl W9l e o
ofiR| Lo = YER

st

<% 22> dUA A2H 759 E

b5 AEE 0dum(1996), gk 3= 29 (1983/2000) & FFarste] A=} A1z
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WA F7PE S dolst WAl vhEg Tl vk dE Al Aol
ojsto] AAFN WHZ Fo]& ouvA|= B EHAY s ] ke gial
ANFA = Agael] AZHAY grez Fe1d 5 A oluA= Ak 3
ol FrEo AdEs el A9t A2y A e wheh A= YAk
e HEE AN R U= dS F 7 ol v9e 44 2
o A2 AAES MEL FE] AUAE 7FAA £ E ol UA KTk
AT A FF2 At oA AJAEN tro]o] oA ARRE YA = Tol
€% F gl FHE d¥daz 7 doh AAE e olyA gk
= A Ao A A8 AL vhA] AL o] AR H Y =
st} ol g A A AdE S WA S H(real wealth)z} stot. 17 gk K-
BAE S Fall WEolA AL o] Aol ofsf FA Hm, Algko] A
of weh 7H8- | A 7F & o] =rh(Odum, 1996).

ﬂil

_[0(

1S

3l

2. olwA 72

oM % H7}AEAE= 37 WA FHrprdol o X A|AEl tholo]
2, el A FHrbE 2, olw A A AR Al GAIE o] Fo ITh(<
1% 2-35).

Of| L X] A| AR Of| HX|

Clojof 3=y =t O Xt

<29 2-3> WA F7t AR

12 o] i 74 (2010) 3 “dTh A (2013) Farsho] A4Sl
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2.1 oM XA A|AH] tho]o] 1A

o1 oA AR (<1 2-2)F o]
A

ate] B7hstaAl ek tdbS g0 Yehde Aot AlAE thelo] 1
WS WEE BFE T SHAR Yol Hith

19AE Gk ARl AAE Ashs Flolth AlxEe] AAE
AT I HH e et AR HM o] AAE VIFom AAE 279
2 Eett) o] AT E Sl FFARtolA A FA4 dlY ddRE
T9E o sholon AR xFekA] Aokt 29 A= AlAE 9
Bo A o] J&E v FH 245 votets Zolt R aiE
B, v, vhek, 24, 8] 5 Al 249 AR, Astet §9, Al § <l
AA 24 T BE FE 9 odux el o] ZEh 3nkA el A= Bt
A AAE FE U 9 AE vlotetal, 4d Aol = 7 24 AtolE dF
s T2 35S mobdtth wiAE sehAe A= U A ~EQle] o] T
e wheh el 93 RE 94AS AAE AAS wal A4 9
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<¥ 2-3> APHY HA H7tE FH

Unit Emergy Solar Emergy
No | Item | Raw Data ) Emvalue
Value (UEV) (sej/yr)

) : Solar emergy/Emergy—
Jiyr, glyr, | sei/l, sej/g, }
1 ) Raw data x UEV money ratio
Wiyr, etc. | sej/W, etc.

(emW/yr, etc.)

ot
o
g
‘5
o
5
of
&
\<
ey
re
L
B
ry
il
o
ofo
o
v

9o whek UEV 9171 Eebxich
- Solar emery: 3 7}&E2] e okol %] 2. Raw data?} UEVE 53}
AArst 1= solar emjoules/yr(sejlyr)©] tf.
- Emvalue: AMAZFE G Z $abst ghow gk A FE
of| ¥ %] 3} | H] & (EMR: emergy-money ratio, 9]: sej/W )= U7
AR ol %] 3t vlE 2 eyt FAVE dd sk AR
of| ™ X & (sejlyr)= AZF = U5 A 4HGDP: gross domestic product, T+
A Wiy o2 vro] gttt

2.3 oW A] X4 AAt

e A5 AR BgL olmA @b mpA @A olu A 7}

FoM E=EH #hs olgsto] Fh A A" S48 ottt oA

73 by ! §
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3 oW =] FAH]&(°]3) ‘EIR’: emergy investment ratio), o ™ %] AFEH] & (0]
3l ‘EYR’: emergy yield ratio), 27 7-3}H]-&(°]3} ‘ELR’: environmental loading
ratio), o™ 2] =] &2 %] 4=(0] 3} ‘ESI’: emergy sustainability index)E ©]-83}%1
o},

EIRE 7ol AlAE e F-oll A &k oA (F)et oM &=
g ool x e vlar Ao FAYEEs dehin R 35 cvAs
AWE7 s AW A (R) AE7Fs AHAN)S] Foz 3tk EYRS A
Ao RS A sty Au|A7F 7R O QL= ol M A =R, N, FE ghol
YE BEAN)S FelA Fdetel TP AW ARF)OE HrFo] ekt
EYRO] S5 AAkatdo] AAlel 71ofst= w7t v Woes 22 97
ok ELRE B7Hid BAlgwo] Ade ol A= FAA & A=
= Frtek=dl, FolA skl FA5E A A(F)E Wi A=
g AHAN)E |t # oS W] A7Es A AR)Z Href et
A et o 2 ESI= F7H Y BAIRE S A5A & e, EYRE ELR
2 Uro] 8k} Brown & Ulgiati(2001) 7ol Al 2] ESIZE 10]
dold ZAI|Aor A&KTseh AlARIC R ATl e AT
(2010:63)°] Hl-&= AL-3FAH).

o] AFrellM= oA 2 7idE o] &3t A sl e 7HAE H7tst
a2 gk FrRA A v 2ok A A, A s el e ske A gk
gl ol A o] Fojx= A=eld A, A 55, il HoR F&
b= AU A & aLeste] oy A] AAE tholo] 1R TRIvh EA, A
59 7HEA S aeste] BHE ¢ e FEY B ¢ gle FREeE
Ul BrbeE ¢ Qe FEs AgEer AT 48] o8 A
(g, keal )& = Tt 7 Akl UEVE A &38ko] Bl A %
o7 wgkstth, A, B Fold X ZFel oA stuH&e 4§t st
= Yehdid

38 A = TH
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Tide
Rain

Sun
Wave
Wind

Renewable
sources

Recreationa
fishing

Macroalgae 12

QOrganic
matte o

Munseom MPA
Ecosystem

M = micro-organisms OM = organic matter
N = nutrients p— Zoo = zooplankton

<29 24> B4 A9 AFRETHY A A2 Tholoj 1

A A=p A4
M: "] E (microorganisms), N: % ¢4 (nutrients),

[e) =
OM: $-7]1% 4 (organic matter), Zoo: EEZ% 3% (zooplankton)

2. AABANIR 7HAB}

oul = A28 Tholol el BAR BB2 Woe] el AR 7

= 1
ARG AN FEAFEE, ot Fol AT UG} JpeA 7+ Bt
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Fi(FE)E 71 ARE AR, e 2AHEA)E SHASx
A A5 E AFEETh UEVE &3 A5 E Fasitlth 7s A 2
vt AAe oA s &G A, Rl wAl)e] 7HEE 20161 O =
78kl

A A G or FUh AATA A FIIEE <%
2-4>° gElatsict. 7 &5 e JduyAE YEh i UEVE AHS:
3 HFelHAZ T yAen vle st
A o A9} A om ], vigk oA, Bjok WA FOo = UERTEH
TH ANE 8] 98 4 F5S HskA ¢a b & 5 g%
A 2.40x10° sejlyra AASHF M A o] Frow A sEdE
EF7] §18l o5 omA SR &2 Yo 73 32 249 flojt} o] &
ChAl 41 sl o] who® e 1S ER2 9] 7hx] &= 1847 o|th,

17
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O
s
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N
=
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<E 2-4> B4 Y AIRITTH ARAFHMA Bt

Unit Emergy
Raw Data Solar Emergy Emvalue
No. ftem Value (UEV) .
J/yr) (sei/D (sejfyr) (2016KRW/yr)
sej
Sunlight 4.46x10' 1 4.46x10' 1.31x10°
2 Wind 4.14x10% 2,450 1.02x10% 2.98x10°
Rain,
3 N alr,l " 1.42x10" 3.05x10" 4.32x10% 1.27x10°
cnemic
4 Wave 1.60%x 10" 5.10x10* 8.17x10* 2.40x10°
5 Tide 4.81x10% 7.39x 10" 355x10% 1.04x10°
A A4
UEV A= Odum et al. (2000)

Emvalue:= 2016'32] o[l (e, 7iRlunD & AKgsied 7kt

1. Sunlight/elik
MPA area = 1.3 10" m? (332 TAED
Insolation = 4.1 10° J/m%yr OV
Albedo,sea= 0.1
Carnot efficiency = 0.93
Energy = Area X Insolation X (1—Albedo) X Carnot efficiency = 446 10 J/yr

41 ] 2-1



2. Wind/MlE+
MPA area = 1.3 10" m*
Air density = 1.23 kg/m’
Average wind speed = 1.7 m/s V%)
Drag coefficient = 0.00126 (Garratt 1992)
Geostrophic wind = Reference velocity * (Height / Reference height) ™ (surface roughness)
=1037m/s
Reference velocity = 3.28 m/s (Archer and Jacobson 2005)
Height = 1000 m
Reference height = 10m
Surface roughness = 0.25 (Manwell et al. 2010)
Wind absorbed = Geostrophic wind — Surface wind = 8.67 m/s
Air density = 1.23 kg/m®
Energy = Air density X Drag coefficient X (Wind absorbed)® X Area
X (31536 x 10" sec/yr) = 4.14x 10" Jyr
UEV = 2,450 sej/J (Odum et al. 2000)
Emergy = 1.02X10%® sej/yr

3. Rain, chemical/1]2] 38}l
Annual rainfall = 2.2045 m/yr V%)
Energy = Area x Rainfall x (1,000 kg/m®) x (4,940 J/kg) = 1.42X 10" Jir
UEV = 30,500 sej/J (Odum et al. 2000)
Emergy = 4.32X10%® sej/yr

4.  Wave/d=
Length = 1,500 m (o] ¢ %)
Wave height = 04 m P sjaio] ()
Velocity = (9.8 m/sec® x Depth) ¥
Depth = 29 m 7V Thario (D)
Energy = Length x (1/8) x (1,025 kg/m®) x (9.8 m/sec?) x (Wave height)* x
Velocity x (31,536,000 sec/yr) = 1.60x 10" J/yr
UEV = 51,000 sej/J (Odum et al. 2000)
Emergy = 8.17 X 10® sejfyr

5. Tide/z4
MPA area = 1.3X 10" m?
Average tidal range = 1.44 m (ZalolA A (A7)D))
Percent absorbed = 50%
Energy = (Density x Area x Tidal range x 0.5) x (9.8 m/s?) x (0.5 x Tidal range) x
(706 cycles/yr) x (Percent absorbed) = 4.81 < 10" J/yr
UEV = 73,900 sei/J (Odum et al. 2000)
Emergy = 355X 10%® sej/yr
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<E 25> BA 89 BAuE AR oeA Bk

Unit Emergy Value | Solar Emergy Emvalue
No. Item Raw Data )
(UEV) (sejfyr) (2016KRW/yr)
1 |Renewable resources 8.17x10% 2.40x10°
, 8.48x10" . N .
2 Divers 3.03 %10 sej/yr 257X10° 753X 10
Jyr
Total 1.07x10" 3.15x10’

2 AR 2P

1.  Renewable resources/A}$3gF 30U
GE 24> B

2. Divers/tlo[H 5] ofiix]
Number of divers = 27,000 people/yr (0] S¥7ol 57)
Residence time = 1.5 hr/person (A3 tlo | A52A1 Azp
Metabolic rate= 500 kcal/hr
J—kcal conversion factor = 4,186 J/kcal
Annual use = Number of divers X Residence time X Metabolic rate X 4,186 J/kcal
=848x10°J/yr
UEV of Korean = 3.03x 107 sei/J (i, 7i01wA)

tholu] T4 o X #-8 2.57x10% sejlyr, 3} 712 & 79 53000 o]
o, A T AARAF AW AFEL Febd T A A A=
1.07x10% sejlyr, 7Fx1+= 319 5,0005F ¢olt}, T3 u] A F AFA g7 ol
A&l A Bk HlE2 76%, thol W7 FQIeh o w A 2] HlES 24%E
LFERRE

44 A ._, ‘_]l (=1,
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4 SlGolA ol el m Qli= thelW BE] A&bsA e Brhe
7) 15k o) A28 thelo) 13
UA = AHAE AR thely BEel FeHETh T A2es] 99
o] g-3H= A} tholy u] A &
2 ESh o]y BF] FYHE AUAE AA BN A 9 A,
v 5 37HA0lth A B AU L DA g on o] AeAE A

Bp3) cho] ) 4H| o] oA E Fekad gk,
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Unit Emergy Value Emvalue

No. Item Raw Data Emergy

(UEV) ) (2016KRW/yr)
(sejfyr)
Fishing boats
R
] ShE | e 10 ghr | 945X 10°sefg | 137x10° | 401x10°
boats
Fuel 570x10% Jyr| 1.89x10°sejJ | 1.08x10Y 3.16x107
Lubricant | 2.32x10°J/r| 1.30x10°sej/J | 3.04x10% 8.90x10°
1.08%10 341 %10’ " .
4 | Boat fare , 3.68x10 1.08x10
KRW/yr sej/KRW
Alr cylinder

5 | Oxygen | 1.78x10"glr| 850x10°sejg | 1.52x10" 444 % 10"
6 | Aluminum 42 kg/yr 1.77x10%sej/g | 7.44%x10" 2.18%10°
7 |Compressor| 62 kg/yr 1.77%x10%sej/g | 1.10x10% 3.23%10°
Total 3.81x10% 1.12x10°

RERET

Emvalues= 2016'd°] oflrx|slm (i, 7i1urD & ARgsied 7kt

1.  Fishing boats/o}d
Number of fishing boats = 10 boats/yr (G42)

Average tonnage of fishing boats = 9.7 ton/boat (FIFEA] 5= oA Hit FA)

Useful life of fishing boats = 20 yrs (FRP o}4)
Fraction of time allocated = 30% G=g*)

Annual use = Boat weight / Useful life X Fraction of time allocated = 1.45x 10° g/yr
UEV = 945x10” sej/g (Buranakarn, 1998)

2. Fuel (diese /o141 g

Total use for carrying divers = 16,200 L/yr (] ¢¥7l] 54

Net heating value = 8 410 keal/L. (AIF8/d=kel-, oAPEAIRIT, 2019. oA [EAIRIE)
Energy use = Total use of carrying divers X Net heating value X 4,186 J/keal = 5.70x 10
UEV = 1.08x 10" sej/yr Brown etal. 2011)
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Lubricant (dieseD/o1x2] &85

Total use for carrying divers = 648 L/yr (4% of fuel, (Hong, Lee, & Kang, 2015))

Net heating value = 8,410 keal/L (A1 3RFLH-, oA=PaAIAT-2, 2019. oA IEARIE)
Energy use = Total use of carrying divers % Net heating value < 4,186 J/kcal = 2.34 % 10"
UEV = 1.08 X 10" sej/yr Brown et al. 2011)

Boat fare/tfo 87} U= B4k

Boat fare = 40,000 KRW/person (‘dtjo s} nIx|cjo ) X[t o 2 7)
Number of divers = 27,000 people/yr

Annual boat fare = Boat fare X Number of divers = 1.08 X 10? KRW/yr
UEV = 341 X 10" sey/ KRW (], 761D

Oxygen/tlo 7} AR8R= 11

Air consumption per dive = 2,200 L/person

Fraction of oxygen in air = 21%

Oxygen density = 1.429 g/L.

Number of divers = 27,000 people/yr

Annual use of oxygen = Air consumption per dive X Fraction of oxygen in air X Oxygen density
X Number of divers = 1.78 X 107 gfyr

UEV = 850x10° sej/g (Campbell et a. 2014)

Aluminum cylinder/&5 g A 3715

Number of cylinders = 148

Mass of cylinder = 14.2 kg/cylinder

Useful lie of aluminum cylinder = 15 yrs (A33748] U3 2P, 28R 14)

Fraction of time allocated = 30% (718

Annual use = Number of cylinders x Mass of cylinder / Useful lie of aluminum cylinder
x Fraction of time allocated = 42 kg/yr

UEV = 1.77 %10 sej/g (Metal end products UEV, Odum & Odum 1983)

Compressor/-&7 1357]

Number of compressors = 60

Mass of compressor = 38 kg

Time to fill up a cylinder = 22 minutes

Useful life of compressors = 11 yrs (AR 17A)

Fraction of time allocated = 30% (718

Annual use = Number of compressors X Mass of compressor / Useful life of compressors
X PFraction of time allocated = 62 kg/yr

UEV = 1.77 %10 sei/g (Metal end products UEV, Odum & Odum 1983)
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tholH &xel FE oW A= F 3.81x10% sej/yri ekt 7
o] & HES WAC R 96.7%E e = 28%d o n x|
=

tholW &S Hrhsty] Ad WA AFE et WA A5
Aol Bod gt Al UielA 5 AATEs elmAR)E A
E7Fs oW A(N), Al 23 -] oM A (F)o] T, o =] 2FERH(Y)+= R,
N, Fo golth. AB7s oA (R)= oA 3 A g ol = 8,17
108sejlyrolth, A1 a1l o] 9 A4 YFolA FFE QBT S olr
AI(N)2 1 EH0). Al2~E 918 19 oA (F)= oA 3 Autal gujE
T3 oFolA FACE Fds &9 Alstoln 3.81x10% sejlyrolth. o
] %] AFE (YY) 1.20 X 10 sej/yro] o},

o & EUZ WA AFE Fate] <& 2-7>¢ F sttt olnA|
FAHE(EIR)S 04702 18T} Zom xpaAstg o x] o] ko] & =
the 7424 gujojtt atA|vE T -2 9] g7 o] BAAQl HA o ALE
= 3tollA o] 72 1wt Atk o & 5o vkt HtS 2.86(Nam et
al., 2010), W= FH-2 7°]tHOdum, 1996). o™ A AF=H]&(EYR)S 3.15,
S -3 & (ELR)-> 047019, o] F2] H]&Rl o MX A HA A 5 (ESI)=
6.750]th. o] Fto] 10t o g HA 2 o] &2 F7|H o X&7}55)

Ao

<E 2-7> A 39 tel 259 <A A5 2

o= =24 ak

o 2| Fxu] & EIR = F/ (R+N) 0.47
o|Mx4tEH & EYR=Y/F 3.15
g7 H3su] & ELR = (N+F) /R 0.47
o %] %] &4 2] 4= ESI = EYR / ELR 6.75

Az AR A7

AHAA LA FES)7E 105 HHATI= £24E oG8kl AT

olg d¥E == F vk ol Foll mE ESI 1 EE <Y 2-6>

3 0 y
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eI x5S dA vold ol digh vl &S YEhiY yE2 ESIE
UERdT) thelW E 45~150%, 5% FZ o2 Wste w ESIE F-8te] 1
#zo] Hoz Yeplon, tholy £7F dARtt 2718542 ESIE A
st AART A= ESkhs Srbeh AblE FAM Ae y=
6.8186x16% o|r] A I (RY) 0.9997F wl-$- =T} o] A& o] g3to] y,
= ESI7} 100] ¥ x5 3bH 79.8% = oF 2vF 1,543 0|t} o] e 2
27 sdstths 7Hske] @40 83  Sle Aol theln vk 2w

= o CIO|H =01 Ih2 X[£2t5d K=+
60

50

(ES)

4 =0
y = 6.8186x1:6%

%0 30 R2=0.9997
AIE) 54

X

x| 47
N
o

100%  120%  140%  160%  180%
SH100%=31xl2t S &)

20% 40%
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8.17x10% sej, S} 7EA 2= 240] 9, WA 7hA| = SEt= 1847 o]t
A~

A g o A 9} thol W 7F FQIek o A Fe] o R Ak St ek ]
o] 7}x] &= <F 319 5,000 o]t}

ol &ss fs gelA FHE WAL FFS 3.81x10%
sejlyro. = et om A x| of T e w x| AFE ki) o

WA AN &S 04TE A2E WY Z, A A48 GFol UG 2

RO Z Uetgtow ol FAA gujojt}. AN oW A A EAA] =
6.755% 10Kt} Zfol F7|A 08 A|&7bsstA] & Ao wE YEsT o

AAEYATE 108 A7 E Ads o] g S =S A7 dA
79.8%%) 2%k 1,5437 © 2 e}
A M EofA AFe vAA 5(2018)2> CVMS Ag3te] 4 T
ol Bl U ats et o] BES 98k A B oAt S Hriekla A
o] dojt} o]= Al al ] AEiAA B A(flow)el thst F
7hel7] Bk AFAAE (stock)ol t#t Frhel & 5 QiTkh o] Ao A}
o

& ke B AR ARt FRAATGE YR 7w

of AT B4 A AYRETY ) o7k o189 AL F
A AR A ey ZAE vkt olmA HrhE e A8s @
£ 4F VT AFRITAA Frhsts FelA 997t ek

F5 AT A= 7 7EAolnh AA, tholrlo] opY] ek IES YF
o] t}H(Di Franco, Milazzo, Baiata, Tomasello, & Chemello, 2009; = E 3| &F5-, 3
ok3k7d 2] ¥ ¢k, 2012). Barker & Roberts(2004)0l 4] A A] 3t 4] - BE tlo]H],

et 7o Wi 45 FHAL ol g5 A B4 ] 4F £ 1

-

50 A =1



F o qt 18.23], AZF F 497k 3o o]E&= Z O R yERTE Al
S =4 2tsl Ak e vls) F8)|7b 4> o] % RK(Milazzo, Chemello,
Badalamenti, Riggio, & Riggio, 2002) ¥4ts %= 3]l & ¢ 37(Serour, 2004) THA]

SR E R, 5, F32, 2005). S HF ol HFHe] wE

S, BAE 5 9 vl 359 #4589 F o JeeA 78
F gk,

71E ZAA A EISFEE wwd 2019) A s HA2EYY] F2E T W
Al F7F 39%E A A THE Hlol ol A, 2019. 8. 14.). HoE REEo| %

ez

PN
AFE A A FAAA GBS E Ao ARt o] vz}
Aoz olo] mA L e o) el WAl 4, o, A 2

718 A B S, 2207)7F s Al v A= G Fel tgt
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’ SR



A 373 AWE NAA 2 ARTAAEY
ol AZE @ AAH X &%

A1d ML

A MR AR, AR, &3, A 7RIS 2kl e 7HA
FEE AA s 2T A Aol th(Pendleton, 1995). ¥ 7 takar wh
58 =l AAske A Ji(hard corals)i= Ak % (coral reef) S AJAJsko] w

Joll ol 3}, thol, Ax3y #3S
S-Sk th(Pendleton, 1995). F-=# 11 -4
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Al Boll Zgo] EdeiAl dojuh AoV E stk vl S v
Bl

sto] AN AE FeEA APSE FEeHA] Fod™ aAl e
7} A eslt 9% Mgl WHk(Malvan) sk R TS A HH A 30 0]
A G443 ] ko] FAZ FEEsk tho|d] gFo] o]Fo]A
Ab% g)&0] A 7FstH(De, Nanajkar, Mote, & Ingole, 2020). ©] 9} 722 3)&S

WAE7] Slel vkt e AETE AlE AL vk skelke] shube-mhu| o]
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1 oA 7H S5 AFEEE A S FRE T i Aol
AdRTTY U FIAE AFRTTYE o] TR o] 7}
T o] & ks W W AlY] & AAsHE AxolH, o7t Eolu o
A YehgE XA sldns
|0 & wol AHEE I Stk oE &
W, 357 fEEHFT LS ArAQl o] &o] Thsdt XHE AuREAY
A TEA R T o] U v (Day, 2002), V=9 SR T T o] g
g ool wet AR FEH o] UTHNOAA,
ST W A7tEES ddoR s oAl §l
ok, HT A T W g FA ] A&Tbeet el Rl
g HE, o AAFAT T 5dA] AT A o] EdhEo] B
TG U FAAE Bt AL Uutgo] whREQdct A el =

1
12
-
>
i)
©
T
i
>
b
ll
o
e
offl
ok
Md
_>|~l_,
1o
[-‘O
1>
ol
ftlo

TAA Aol F
¥ 947 3123} tH(Portman, 2007; Roman et al., 2007). =W} of 2] 322 &l
FES TG NAE oW d-go] FkatA dojuba k<

AFE AFE dnprtel] 9l F
5 H]ESto] thekdt alxFel AMFHFEE, ol 77F Ak sl
A4 Raolt, el dakd  #-guluhwl =2kv](Scleronephthya
gracillimum), BSajFEEola FE207] o= Nael alERet 5
U2ZH=41 5 (Tubastraea coccinea)”} Qlth. 153 5(2008)S F41 oFwlk %3}
ol A 11258 AMFHFF=S S (E)stA e, Al 371 43
Hu s o 29 AA dree AR 7 =3t HE 5 (2013)2>
A A 9159 o7& &Rt o ® ofdr o 7o FAWLTE STt
8t 707 o Aralal Tt

A alode 553 sisdds 1] S8 W vholwrl ke,
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2016) 2019 A A ¥ 37 Y

91, 2018), AAH Oz FHo] NPHAE gghrh AMTE FuEuT) 3
2N

=
G Ve e, YD T 5 oY A 24

7471
Bl 2 Fugvs A (=Y 7, 2005)01] HlF=ol 2 ), =4

4
L
o e s waety] A8 dFHs 7P Al EAs AR S

Arts AP FE=s WA sk 9 Tto lE}(Pendleton 1995).
FoAel avE Brkety) f1g WHoE nuAZA 4B
Ae AN, B2 FAZE vl E sl telHE Ay e ol &

= Tl g wgo] BrA sk AFAW, = B4 A} B e
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A2d AFAT

Al A Al
ot WY oR AdgA o 7k 9 Ao vt
o AR-g-shot, AU A4 5 H(revealed
preference methods) ¥} %</ 5 ¥ (stated preference methods)©. = Y= 5 3l
ot AN S ]S B AEIAEA) e Bk = oAl AAll = AEA
Aeto] 4 A Wl FAE Y

o=, UL,

HI A1) 8} 71 %] =7} (non-market valuation methods)->-
U= THAE FA

HAEA 7HA

o% TET,

i

(
2013:157), o 3n]-2(travel cost methods),

579 712 ¥ (hedonic price methods)
ol Stk MEHdsH S 7Hde X

g7gdstol i Azt Muj
E R R e S

g

S
ofo
N
-~
N

J(use valug)ell SHAE = FAMTHIY 2
T4 7 Svks ZAlo] Atk
Aede o= 2715

EERE

(non-use value) =
7} &7 5 (CVM: contingent valuation method)i’qL
F7HA] &7 &

B7bshe W] A8

1 (DCE: discrete choice experiment)©] Slt}. =%
At Bl AE SR FHolA
£ 02 o] Hristts oA ZFo] 7} 2l th(Johnston et al.,
2017). AE AR AN SHEHARE o 7 SAdow FAE di]k 2-37)
% stUE AgstA Ao A7 74 FA49 75 Ao nE SHAE

T den, I A= AFoly AR &8 + Qv
(Emang, Lundhede, & Thorsen, 2017).

Agdgor ol 7 =9 A vhe¥ 2Tk Sorice et
al.(2007)= SRS T9 welo wWE volH e HAsE dolr ] 98] A
A ARESGITE A3 8 IE o 2] Z|dRle R Avs
qyFom, T 6467 F 476" 2] SHS= AFEEISITEH T 1& AHE

6717 %4
hglon] AWl SE(BE ko] AN

gt 2t tholw (%

CLEE

e oy

HEE &

==

=4

55

A, 15%



A, 30% #Ax), AR T F tholS g 4 Sl WA (100%, 50%,
25%), TF TAIY FE(%s, tholHmpAE, B tho]H Jlo]t=E Yk v}

), AR Lol HTskr] S F7F S AR, 1528, 30E2]), to]

Wod w8 AIZHGLS, 304, 60), 3 W tho]W A KBS Z] ke

Alue] @& Jrol=gltt
Emang et al.(2017)> AtS 4F7ZF W] E 9] = (Coral Triangle Network) 2] & 5-
Q1 ggolAlo} Alpke] A tholHE iR AYATY S 285t

Atk WA HEAbE st 5123 T &5 ¢Rd 5075 AHE-EE3
o 4 derR(2r-198Ee), A 318 tho]H(90%, 12078 *, 1507, At
A 2] (50%, 70%*, 90%), o1 T4 (30%, 50%*, 70%), tholy TE~ o] 2
A7, T AS) © 7 S ARSI 7 £ 9] FEE @

BoE AANS g
A

t}
Atk AFESE 42 47ER 2 S5 (el B 1, 25, 50, 100, 150, 200, 500
), AbS WA (5, 20, 30, 35%), & T (o] 50% / AFE 10, 125/ 25,

225 / 40, 300 / 45), T %(20, 50, 75, 1003 E)o|t}, 2} g7 o] ol 1Y)
234 AHolA ZF £A49 FFo] HEOF 71AE o 1909 Az &3

= 45, A AT e 19298 2 e
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Rodrigues et al.(2016)= A F 3 &] A # Q1 w24 (Medes Islands) 3l %
oz 7]Fmstel sl dste] wE s &) 8 A
A& 9T 5878 T 432180 =,
& (5, 15,
(F9], +F A, +E5 ), T SRR, 24 e T
]
3t

Z|

T
-
19,

o

it
oo
_0|L
2
=
2
i

ol ofN wx ol

of

e

S
©
o
o
o
Mr
%
=2
~
>
o
o
A
o
?L
)
rl
_1
o
»
o
)
R

9

N
ol
o

3
o

&
Fx
rlr
ol
)
&
N

ek At o] AEl(FH, 71T 3R 50% Ak, 7
R AR, thelR o) ZHACRAL - Thelrd Ml g -
d EF EFH 30, 50, 70, 90, 1101+ %) 5 57H4 A4S e Ak
2 AN ARz dEshs Sl vl 18]o] 604+E, & duke] vt wot
A= A2 26F 22 e,
ATATE ok 3 Sl ERelM= tholw i A
A Fepglon, el e 7hAE Bk s Stk o8l E

gsto] AN AT dgolzny o] FAA XS T A (2016)
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o] A7} Fdslth 1 yhel TholwF ol7} FolRte By ow FYF o
T4, 27, 2015, A2, 2018)7F Ql ok, s FA ot Aefe] @

P& W FF vt ddRT Tl nA= 9T Hs AL Aol
H %

NFRT TS BT FA ol &g AHs] fair= vol

ME 1@ Pus T BYAE do] Bes o] ATE s
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A
=

= =
=1, o

]

B

ol

ok ehEtoz A4, o],

§1}4\

Sk

gl &

A]

(random utility model)ol] 71WFS £, -3-%h(l)

(€]
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o
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e
ojy
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|
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Nfo
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A1 ENX
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il

A7} elel(f) 7l

494 US ATAT} B

&

pi

sk} (Hanley, Wright, & Adamowicz, 1998). 7t

3

HE A

A7 ¥ A5 (deterministic preference) Ve

3 (stochastic preference) e= e 4= itk
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sk
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il

A X
&

1)

J)

Uij = Vij(X) + Eij = Xij,B + Eij (?l‘, ] = 1'

A
o

Jo] F4AF = vk 5 vk A i 7}
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W= Gumbel distribution)E WSt 71g 8 (McFadden, 1974) 21 (2)+=
U3t 22o] yERd = itk

Vii
P, = exp(Vij) ©)

ZS|
71 sk 8ol 71523 B8 (conditional logit model)©] TF. Wk o 1A 7}
e ¢hstetal, SRHAE aestel $A Y AlFE FA8e BY
A 5 3 (mixed logit model 5=+= random parameter logit model)©] t(Train, 2009).
g1 & JAY] AEwh vrd e ¢ gl HiHe] &

r]o
Clot

o=

ot
rlo
E

A
RZARHLE SR o] A S 317 skl (Hess, Bierlaire, & Polak, 2005;
Train, 2009). 7412 AlFFEA L2 13Q1 STATAR = ©] £33t}
Aadd S AEshes w47 Aol sk WEE
ATk A A & 2] AL (MWTP: marginal willingness to

BE FAAB)E S 28 FHAG) =

MWTP = — 2 )
Bu
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2 £ WA ¢kal(ceteris paribus) A F21 A 671

A7F Alme &97F e = ol

oy ZREATY =EAny
781 wE 2 183 54
X 27 672 10,639 10,705 8,637 8724
(=1,656~22934) (=1,229~22,639) (458~16315) (497~16951)
3926* 4081% 3017% 3,186*
A b‘—]ﬁﬂ 127H‘é
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AEl AR AT A AZEE Azto] A& FEe Sstrh. AeAA
H A= A 729 7]s & v o R st
MUl AZ B FETHMA, 2003). 1 5 3R] A QIgto] AASA H=
A A ZHE whe vEd Al 04]‘5—‘1(MA 2003)°]} dES AS 5 Qe
71 3] (CICES V5.1, 2018) &= 3 24 (CICES V4.3, 2013)2 523k}, vt} o

TFAAI0]3F HA)E Al EC] Z7)= tlEAQl SFAE A FakA A

A ES WAIE 8l v R SE 8-S v, g2 WAl o
kS W=t W9 sfekE Aol v A= JES ofFo wE o] Fo] £
I e ARl ok} o o] oo 7| wk(disturbance) ¥ AL, A=

(trampling) & ZFdZA<0  FdFo]  JAtH(Martin, Momtaz, Jordan, &
Moltschaniwskyj, 2016).

St WAIRITE F7bsks FAlolth 20051 536%F T ol 4] 2016
7677 WO ® FUhe Ao FAE I 7677 W F vlTh A Q10 652

R o FakE il @ 5, 2016). o] @ 5(2016) ¢l Tl WA
T7F B2 ol E WHAIREY fold 24, vET AR, WAL
She AP RE Q14 FoR AHUA WAIZE R gEew A

gatalth AAE Fol7], Aol Algk 5o FATE Ao, ] wHAR]

geslA & A s (KMI, 2011), A 59 8 Al
e HAEHAE EYate oy ARl #E AbgAle] whtE A
g st v} 9lrh(o] @y, 2003). GV EN AL IR T AYE 800] T A
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L}(Salz & Loomis, 2004; Veiga et al., 2013) &
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A2d APAT

YR Lol wE WA 8 e AAE AuE AT
= 37} 3}(recreation specialization) 9} -2 WAIQ12] 54 SR T
Ao ot Hlol FHFUTE 7T sE ARt FEoA AEste A
o] A&%A S Z=3kcH(Bryan, 1977). Bryan(1977)2 &H], 714, oj7F A5 E A

3o 7|E o R Alol wo] WAIRLE Ul e FHoz vl o] A
w3 Sk WHES oY =& AA FHEell= Scott & Shafer(2001)
7 AlRre BE, A, Al 5 374 AHdE s ol dEl A

I ATHeA S, AT, 79, 2019).
A7bAEskel ST BAS AHE ATE oey P
Salz & Loomis(2005)= o1 7HAE 87} sotd 5 AYAEE AAT Ao

Z A AT u) - Ao

o
1T =
Aol i = AEstell whE xol7b frolekA] k. S A WA
o1& tiAto & 3 A (McNeill, Clifton, & Harvey, 2019)01 A+ A &-3}9} 4

AFAEI R $HAZ BRIAAO 3 AR 1F) AEH ¥

- L

2 R A A A RE FH o= 7H ZdekA Rbdiekqith vk dAj A o w2
2= Ao 23 w7k 91 tH(MeNeill et al., 2019). FA W= Aol of
2} &5 (Thomas, Milfont, & Gavin, 2015)= A3 3} A H 07 o7} F3}9)
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2. &8 =gy gyld

<=x218 = 24l 1 3 (ordered probit model)> W=7} 7] (cardinal) 7}
ol *1$(ord|nal)°’ W ALl 3 A EA mE o)),
g o iz 1004 n7bA 8] ol ne B ot &
i M SR AERHS yigk skl o] gk 104 A A
gkl Zpg sttt 39k i8] AALEE YER = FAl(latent) W yirol
W= -0 <y < 4o Otk SHAEY] A A FE AW stE SAS e 9
HE xgh abab 418 22 R3S v ol AP0 R oEdhe 7HY
o] 7]Qkgtcy,

yi =xiB+u,I=1,...,n
~N(0,1)

Bt xeol 353t shehvlE o] WElolx ut Fitol 0, EEARI} 1
22 w2l 9 oz golr. yis BREAL AT o B
E= el yol P e e,

y=1if-00<y*§1<1
y=2ifki <y <k

y=3ifk, <y <ks
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Abstract
Assessment of environmental

carrying capacity and the
effectiveness of access restriction
policy on a marine protected area

Miju Kim
Department of Environmental Planning,
Graduate School of Environmental Studies,

Seoul National University

Marine protected areas are a widely used management tool to
conserve marine species and habitats and provide a variety of
benefits to humans and nature. The number and area of marine
protected areas in Korea have increased since 2001 when they were
first designated. However, practical measures such as no—take zones
or restricted access zones, which are key to marine protection zones'
success, have not been implemented. Effective management is
necessary to ensure that marine protected areas do not become
‘paper parks’. At the same time, there is a need for sustainable use
that maximizes the benefits to humans within the limits of what the
natural environment can accept. This study aims to suggest a plan for
harmonious conservation and use, focusing on recreational activities
in marine protected areas. To this end, the sustainability of the
current recreational use of the marine protected area of interest was
evaluated based on its environmental carrying capacity. This study

presented an alternative policy and evaluated its effectiveness in

134 A 2T}



terms of economic value and acceptance. The contributions of this
study are that it provides scientific data for implementing policies and
that it combines biophysical and preference—based methodologies.

The first study evaluated the sustainability of recreational
activities through environmental carrying capacity and the value of
the Munseom Marine Protected Area (MPA) by applying the emergy
evaluation method, a type of biophysical—based evaluation method.
The annual value of the natural environment of the Munseom MPA
was 2.40x109 sej (solar joule), about KRW 2.4 billion in monetary
units, and the value per area was about KRW 1.84 million per hectare.
The carrying capacity of scuba diving was evaluated by the Emergy
Sustainability Index (ESI). The ESI was 6.75, which was less than
10, indicating that it was not sustainable. If the current annual number
of divers is reduced by about 20%, ESI becomes sustainable.
Exceeding the environmental capacity of current use means that
intervention through policy is necessary. This study is significant in
that it presented a framework for evaluating the environmental
carrying capacity of recreational activities.

The second study proposed the island rest system, a policy
that restricts spatial and temporal access within the Munseom MPA,
and estimated divers' preferences and economic value. As for
methodology, a choice experiment, a preference—based valuation
method, was applied. A total of 533 questionnaires were collected
from divers through online and field surveys, among which 296 were
finally analyzed after excluding insincere responses. As a result, the
marginal willingness to pay for a six—month closure was found to be
KRW 8,637 per diver per dive. The positive marginal willingness to
pay means that the respondent prefers the island rest system and is
likely to accept the island rest system. The total value multiplied by
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the number of divers per year is about KRW 233 million, which can
be used as a benefit item in the cost—benefit analysis of introducing
an island rest system. The significance of this study is that it
considered divers as a partner to marine conservation and applied the
choice experiment for the first time in Korea. The limitation is that it
did not reflect the perspectives of other stakeholders, such as
recreational fishers (anglers), residents, and divers operators.

The third study analyzed the factors influencing recreational
fishers' support for marine protected areas. Recreational fishers are
a major stakeholder group concerning recreational activities iIn
marine protected areas along with divers. The need for a policy to
restrict fishing in marine protected areas stems from the expectation
that the continuous increase of the fishing population and the absence
of management such as through a fishing license system will highly
impact the marine environment in Korea. To find out the acceptance
of anglers to alternative policies, factors affecting the support of
marine protected areas were analyzed. A total of 942 responses from
recreational fishers were obtained through an online survey. The
dependent variable was support for marine protected areas. The
explanatory variables were related to the attitude toward the marine
protected area, recreation specialization, and the theory of planned
behavior. As a result of the ordered probit model, the more people
recognized marine protected areas and their positive effects, the
more they supported them. However, the more experience they had
in fishing in the marine protected area, the less they supported it.
The recreational specialization had a positive effect on the support
toward marine protected areas. As for the consumptive orientation,
the tendency ‘not to keep fish’ and the tendency ‘to catch trophy fish’
had a positive effect on the support of marine protected areas, but
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the tendency ‘to catch something’ had a negative effect. It was found
that the variables of the theory of planned behavior had a positive
effect. This shows that there is a possibility that recreational fishers
may accept fishing restriction policies in marine protected areas. The
limitation i1s that additional investigation is needed for those who
mainly fish in marine protected areas.

The study presented the scientific basis for the introduction of
management policies by analyzing the effects from a balanced
perspective between the ecosystem and users. Since it becomes
more important to conserve and wisely use the marine environment,
the methods and results of this study can be used in research and

management policies on marine protected areas.

Keywords: marine protected areas, carrying capacity, access
restriction, valuation, emergy, choice experiments
Student Number: 2013—30702
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