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AAe] Ao Abte] B S SAlel gk ollHA] B7PEE ol 8ste] felut ake AR ARl B
A7kl Al AEelA 7k AR oﬂﬂiﬂ A5 ARl ke AR AlAE O] X7k S Brlskaln °E1
W Ek ke Aol frelehs oA T2 20154 715 1.53x10% sej/yrol =], 24, 5h H4 5 ARIE 2
Fll 5 A7FE AT oA F7E2] 96.2%(1.47x10% sejlyn® T-i-& AT o74] o= A7}
MZ] Ul 2ok lE-E 3.8%01 23Ch ibas BASh= ] Fle Ik o] Fke] slu] $k 7}
A= 403 3,065 A/ O =, ofmX] dHell F7EeE ke AL NI8-2 o GNIE ol 88l Fg ek Ak )
BECF oF 27 Wokeh. St Ake] 5t UBVas gk Al Aas) o w45 A 9] e 35 2.43x107 sej/l Fa=
5.39x10" sej/g (55 715)2 ARFE AT oA A5 At Ak lul ke AR AR 90 W] o] &
E CIAEERE =26.51)0] 3£ SPFEIAl A= FIEET-SHE=0.04)0] ob5= AQlth. 1 A} ke A
AP AR A E7ES A (A A 82 7=676.41) oF 52 2= WeRth. at9) o] A7k = #ol7] 4
GG AN B -8R RS HE] FAsNE e, oI, o] i ARt SR oA 87kS
ystar, o] AE7Fs A =ol7] S1s A8 AFEE mEsl] f1%t A7t desit

Abstract — Biophysical base of the Korean fisheries and their sustainability were evaluated using the emergy meth-
odology. A total annual emergy input of 1.53x10% sej/yr was required for the fishery production of Korea in 2015.
Renewable environmental inputs accounted for 96.2% (1.47x10% sej/yr) of the annual input and purchased inputs con-
tributed only 3.8%. Money equivalent of the total emergy input to the Korean fisheries was 40.3 trillion ¥/yr, 27 times
greater than total production cost estimated using data from fishing expense surveys. An average unit emergy value of
fishery products of Korea was calculated as 2.43x107 sej/J or 5.39x10'" sej/g (on wet weight basis) without services.
The Korean fisheries were a system with net contribution to the national economy beyond its own operation, as
revealed by a high emergy yield ratio of 26.51. The environmental impact of fishing activities was very low as indicated
by a low environmental loading ratio of 0.04. With high yield on investment and low environmental impact, the Korean
fisheries were a sustainable system with emergy sustainability index of 676.41. Further emergy evaluations on subsys-
tems of the Korean fisheries are needed to provide policy recommendations for specific sectors of the fishery system.

Keywords: Korean fisheries(3F=r =4F3]), Emergy evaluation(®ll™ <] % 7}), Sustainability(X1&7Fsd)

LA B A QA A Bh= HlE-E 0.24%(MOF[2018])°1 =ttt

el ARl el 2dhe *4 o A F, 8718 Al

20179 FeEt i1 BT 340 R TV ggna A, 4 32, A8 44, 198 B S o
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FFAO|THKREI[2017]). 2013~2015d 7]5 $-2vete] gl
ATF AR AH|EES 584 kg O R FQ =7} 7R 7P Wtk
(MOF[2017]).

=7PEA A Aol AFA|sk= HlFo] 7HASkaL )M (Kim
et al.[2017]), ARM /WL, B|FEe S, 7]FAE}, Ln|aE W}, oY
A ZhA, oA AhA W ), o) we9s), SR Wst
5 FAME A o] 710] oFs}at 3 QIthKim er al[2017]; Ma et
al.[2017]; Um et al.[2018]). S22} A 8] A3 A&7}
573 B A 23 AL ANA oo BAtelA s Akg-ste]
et Aot wpeba] F4k91e] A A&7l S Ads)
A F7lekd AR o] Ao) Q1zke] w8 Feheow et
a7k vk 28y 71E9] Ak B oY H7FNam et
al.[2010]; Zhang et al.[2017]; Kim[2019])= SAME: AALS] A&
24 B} 17 8-S FUsh 7|FelA HEH o r Tl
55t sA7) Qlet.

kA9 A3t Alge] wmEg FF0] 7IEelA el Al 3
712 sk oM A F7PH (0dum[1996])S 712 AFed 28H2]
B AAEH T2 Ay E7ke) vhE B el AN S A
STV o] At AALE Tl F-88 ARE AFE
g Ao L), o #] F7PELS 1990t S Fuljel] &
Q(Lee and Odum[1994]y ©]% T}t Folol] A-8-% St (Kang
and Park[2002]; Kang[2007]; Nam et a/.[2010]; Kang[2013]; Hong et
al.[2015]; Kang[2015]; Kang ef al.[2015]; Nam and Kang[2016];
Kang[2017]). o™ =] F7PH-& 74k ofel] 283 9] A=
A kL], o Hl i, 3R, ol E tde® ke Y
(Odum and Arding[1991]; Eum ef al[1996]; Kim ef al.[2001]; Oh et
al[2008]; Vassallo ef al.[2007, 2009]; Lima e al.[2012]; Wilfart ef al.
[2013]; Zhao et al.[2013]; Willamson et al.[2015])] 333k} =)
271548 H718199TE Eum er al[19961 SAME AjAtEko] B4
ol 574 <] E-E&HS B Aol st

Sk =71 A AAE U= oA FrkE ash AT
$2ye} 2418 3718 Sohn ef al[1996]0) L3I 0] A=
AR A7 -2kl aksde) 8 ak 71t an, 9 v
SR} O] B F S Alaehs g, o] B B
Sk& W A= S 7R AT o] ARk AEG ) Hrha
H7Ve1IT). Sohn ef al[1996]2] A7} 71E2] AEA Q] Hrel= th
& Wl Evker A ] SAE BT A AERA oy
7} AN, AR A 0] Al nR= YT} AE7 S
¥ = ol o] A=) o] el FraE AtoA] AR 2
P EH A&7 E B7FsHA Z3 A7E QlTt. Sohn e al.
[1996]9] A+ 1% ¢-glue} A Ak ol thet o =] Hrk=
1 o A Sk, T Ale] efwH] FrPEel & wiskrt Q)
e}, ulebA Sohn er al[1996]2] H7} 0]% 201 o]Ato] Z|ut A|
Aol eevet k] S J ek AS57sd-S Btk 3
T AR A&7 S =ole Wl 24 st JRE FRE

227} 9l

A Skt Ad0] A3 B4 1T W) 4
PP o)) A v 4 =k

A o} el 2aele) A47ksE olv] SR
WA Ao AN B B857] slalE Sl
EA 71, Sk A 71017k, T ol g, sop el
| 3%, A47Fs Bk A B 9 mEY e E

14 72 09e Wat olk o) A oleld BHA AT
B0 2A AR A FISHE AQABFAIA, Akl
o 5 Selute Aol YR JIe Bk, S A
o 94T} ASTF L AAT Bl B 2 5
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A 2~EIAE &A1 Howard T. Odum= SUA|=F, B2, 1
&, s 22 e ARE o83 A, AAA AT 5%
22 vkt Al S-S HUsh] st o RE ouA]
(emergy) *37PH-S 713k tHOdum([1996]). Energy memory S
Fo] UEpd golQl oA «gt 7FA] M|t ks Wi
el AR aE|a e ofu] ARS8t TR/ o] & 7lsdh
YA "S L3t Odum[1996]). Odum[1996] ™ =] H7PH-S
Ak A Al PP o R FRERET, olwA] HrPEelAE
theket F72] Astel §-290] 17k gt 7]ois= ojsty) 71|
£ oS Wilshe H B9 BE 24S pdto g Frlst =
okl Fgsh] witelct, o st AellA] omA] F7pHS Aske}
Fo18 o] gah= AH|xke) AT o] ZHkS: T ojgky) A S
ol A ] 2t dinl e

AeA] = A AA Agkel 8-o1e] ke A 0] v vt
QAa50] FYEE Folnt. w447 et vE eAES
Hall Astel §-92] A 7 E FrkskeH Hrhe] 7)ol &
Q3t), o] ool 3k «gF F72 o]& 7hs e ol et
€ x¥o] o] gujgitt. A|AFl HTtel| F gt ALkE 3]
SaiAs Askel 8o At Aol Fofshzs Be 249 s
2 ARE o] 7IEo® WA gtelol FH(Odum[1996]). EA ol
7] BrPgel e BoFelUxE Bl 7o w AHstar gt
=, Aat ol Fofsli= BE 249 AER ARE HUA]
71Eo® A SHtsljof AAE Hrte] Qs ALks T
Al HTh, o] 5 Wigsto] omAE YA e 2= Bjekelw < (solar
emergy)= Eo]oF SHATE tFRE2] w3 oM = dHAlEe foE
ARESHCE, AR ] ©1]= emjoules?I U], EjUFAUAE 7|02
ARE-3E O] F solar emjoules(sej)= ©]-&-3FCt,

G oA F7k= 37}t A4, 571 A 27, el
B7F BE 2, 7 7% Aw A 7] s AR, UEV
F), oA H7RE 24, ol A] A ARLO R o] FolXl AAtE
e} o]0 ZTHOdum[1996]). oIHA] k] 713 ¥} k=
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Fig. 1. Energy systems diagram for the Korean fisheries.

Odum[1996]= wskom, s YA S thd oz o
(Kang and Nam[2003]; Kang[2013]; Kang[2015])& %+
ANAAA AT S o] g8 2d et f-elvket Akl €
7} 292 Fig. 191 ALY
x| F7hre] ARl B4 L Frh Y d5e Aue] AR
AR, 2%, A8, w5 FAF, sHF 5)E o8l 2
9] emAEE Atk Zolth(Odum(1996)). whebr] 2 g+
H AEY A5E oMXFoR W] st dAkIxp) Fast
t}. o] lRIzk= flellA] AFst vie} o] B FEe] AEe] 2}
S5 gy 7o w2 ] 918 grolvth, Bkt e
MR 7} o] AT Ameh SRRIALE w3l it o]
e ARl FIRIALE] ©he)7F A& Slofok gt o x|k
2k o] gak= MIRIARE FAste] ollwA] Ak (unit emergy
value, UEV)2}aL apH, &) A45.2] )7} oluA|Zd 2 ol
IR L (transformity; T sejl), DY 744 specific emergy
(= sej/g), SHIY 749 ™A -3}#H] & (emergy money ratio;
T sei/W, sej/$ o= F-27] % s
Nam and Kang[2016]°] R A3t v}l 7ol of|w 2] 37} x] A
Absl= oA RS- gho] o5 A a1 oA el &3] B 4
W D917 ob7] wiell el A 7t sia 3} dxbel] o581
12 Akl AAAG AL, ATt 52 v] geto] 4] ke
colelgt TAIE sidshy] flsf elmA] 7P oA R
= AlgtellAl elsdt shueko 2 glsto] AlAIhs WHE Ak
FaL ek ol A& (sejlyr 5y ol A]-SHM]Ex(sej/$, sej/W &)=
LRrd ol A @S shElFo = wlE = tHOdum([1996]). ©] <

sk,
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Ol
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TollAE Kang[201910] $2luet ZAE tido=Z Akt o™X
B8 3.79x10° sej/WS o431 Tk Kang[2019]0] Al
oA -gleln] &2 -2yt AA7E 20159 D d B AR &
oA (sejlyrye 1 3] U@y O R VhE gloltt.

2.2 Of|HX| X[z

FEivket A ALY SAS elslr] S1E oA AleR
of| %211 E-(emergy yield ratio, EYR), 73531 |8 (environmental
loading ratio, ELR), ©l|™ *] *] &4 2] 4~(emergy sustainability index,
ESDE ARFISITE o] X555 AXtel] flallxls B7id Al
Ho® FYshz AMAE FA Ml 7 E sk, B2
Alzge] frelehs AFASE 8] A7 Fs L a7 st oW A (R),
B Al R A E7Fs ARl FEt olHAIN), 1
23l A|2E] QoA FQlake] F]1gh oA (Fyelth. 7k
A28 o 2] BatEES- o] F Al 7] FFe ol AR vl
TFHHY=R+N+F). Odum[1996]°]] W= oH%] 2|4=1= o]
B ARE sl B i) AlAE 5ol e thekst
HE AFshs A& gt

o[ X AE0]&(EYR)S 574 A AE0] AAkst A3}el £
A g ol A2yt o § Astel 895 Ak Slall Al
oA el el F]Igh Al A=) Alel 2] BlEo]tHOdum[1996]).
EYRS Agle} go1o] Ak 2ol T8It omA] v]4-, <)ol
A lall T gt el tin] Baka g ] A E B ke
0|3tk EYRO| S5 74 BlE- tin] Aot =71 wiol Al
2] AAHo] o AU FAbE Sl U] £ A ow Uit



o] PHES 085 &

=, AR UIASE o X &ol| ] AAk Bl g (A1 FellA 8-S &
o gk oA o] 2|ek= vlFo] e At &) B4
Ho] ] H& Ao ® AUFT) EYRY HAZES 1919, o] v &
@ oA ghye} G iatEel WAlgt oM x|ghy7| ol 7}
OV A Eso] AAR ARl 7]ojshs =)o) glrks 2ls €]
=

SAFSIE(ELR)yS 574 AlAEe] AAE o] AEjAlel v
He FAAQA FFS 7R olHRA] #F==, Ak el T
st ABET s AHAZFNT T AR S dst F ols
A7V AHREER)CE o] AXFcHBrown and Ulgiati[2004]).
ELRE ABE7Fs oW A9} 2F-T14) elwx] €] o] &) F71e
T5 A nx|= FA4 Gl F Aoleks 7Pl 7iks
S oW ®] R|g=elt}. ELRo] S4-5 it Ego] 37kl Al
elof| n)x]= 7424 o] At} Brown and Ulgiati[2004]%
ELR®] 105t} =178 A4k Ego] AujAlel w|X|= F7 4 Jao]
o} A1, 3~102] Helel 9& A T HES FFS vA|H,
3R 2R ws GEgo] A2 Aa GE o SISt

of| AR A K| =(ESI)= oM A A0 &(EYR)S S35l
E(ELRE Wir Lo 2, SF7tPd At E50] dri) X|&7Fs8kx
= ) o] 23TH(Brown and Ulgiati[2004]). ESI= 71t
A Ego] Aatel] FQeh o A] nlgHT} O W2 oHAE A
Aol 3F38HL(F, EYRO] =111) 370 v]X]= J&ko] Auid (&,
ELRo] &b 243k 7hs/do] o] stk /el 7Rk 73 9l
t}. Brown and Ulgiati[2004]i= ESIZ} 1050} 1 A7]8 07
E7bs s At Egold, 1 2k AE7FsslA] ok A &
Fo® ISt

>k

2.3 OlHX| "7} Xtz

SElukEl AR el A sg7Ee] FHA 9l wiERA A Al
upPaE: A7) olul ] sl (d A 374,934 km?, MOLIT[2018])) 2.2
3Il}, o] Aol B kP Antsdoldz skl 5 %
guet el Bk Ak RS do® siglomn, &
dolA o FolAE ARSI vt Bl uigel A dojuk=
Aol gL F7tollA AlLlsiSict. ew#] H71e] 715 Ak 2015
oz d4sloict.

AR 9] o] Hrtell Bedt Ag S, Ak, 7]
7373, A FRAR o] Wk =7t B9 AN B 9l g

SEAS o g3, oA Blel BT AmE BF A 4

-

25 ol g3om, A7k A} Gl APl 2 Bk GHE el
ARE B A7k RS AN

Selet b Aol S9lEE @t 27 AV7Fs olviAs)
ST oA e Bk A S A A

[

&

QI8 171 w8S 5 (labor) ¥} AH] A (services)Z T3l
[e)

ABE FAU EE A Atel] A7 Folahs AYES)

= IR12] 2471 57k 175

o

e sjgshe, Au| 2 FAE At o] g8k thekst AlE, &
, A8 5o Ak gl FRI% mE o R SAkE Aatel] Had
A w8 &, A7 A9 o) g yS gt o] At
A= guEl 398 H718E Kang[201713} v A2 7]1&E 4
T-(Ulgiati et al.[1994]; Martin et al.[2006]; Ghisellini e al.[2014])
& m} s ARIAE A7 Fs Rt AET s PR R
g3l F7retdet. seluket AAPE L @ st ARsE F oA
ol Ad7Fs oWAI7F A sh= vlE-2- 2.1%e1™, wi-2o] A
AE7Fs WA g 57 WA= 97.9%5 24531 th
(Kang[2019]). ]l w} Ak AAtel] Q3 ins W Au] 9]
2.1%%= AR7Fs WA, 97.9%E 5] olw=]o L3t

vt FAHE A ol flshe ATEFe 24 W e
T 249 AW At e d UEVE 3 ARE o143
t}. o] AtollA AR BE UEVE ATAEAIR frelehs 7t
AWA7Fs oA Frdeo] 15.83x10% sej/yr(Odum et al.[2000])2]
BE 7o ARk gholAY ghitket ghs o] -3t

=7

3.4 nFE

3.1 AR AR oA R &4

SElviet s AlolA S BalshE Hl FYE ellwA=
2015 7] AZF 1.53x10% sej/yr(Table DNZE AXFE =], AHA
750 38 QW7 FsolM X3 (Table 12] 5~8H T o =]2F
AN APl Frdete] T g o ol A % (Table 19]
9~12%1 & o X% FANE sk grolth. A7 Fe el A %ol
TFakE kel fdk oA T2 96.2%E e ARSI
o, 8] WA= 3.8%el EHSISITE. o= AlgellA gk
Alsle} g2 o MA| 7} ) F-E& A 5% (Kang[2017])2
] A2 fvet dlEIAIR frdshe A7 FselvA] ol
o)&EBhaL Qles HolFr)

2015 °F 273WHE (LR G 7} Haferalolqy ABakge] &
Al; MOF[2018])2] AHa-& AAksh= d] F9)%8 ol =]%H(1.53%10%
sej/yrye 3P GIE Sksld 402 3,0652430190T). o= 2015
W FARE Aol F1et o] <) vlgel aligeitt. 20154 o
7VEA1E A (Statistics Korea[2016]) AFHE- ]88l =43 F= I3H]
-2 12 5,105 A1), ollHA] T 2] ke A H]8-S- o]\
o} oF 278l t] ©okt. olef gt Aol GAkE AR 8IS Aol 2
EA) ob= AR 940 JE ke Aol F]1EE oA
o} 22 A A 7] ol A] 7ol 32EIGL7] wiEolt).

Table 10]] 3233 A E7 oA 354 AFAZE AN A ()
oF, vl A4, gk, 24, 5B ©e)$) Az kg (mF 9 AlH]
2)9] 7 7] FEo® IS oY EhEo] o] Fo A& sl
AEAI R Feshs 2RI ol #] 7] AZE owA] o]
7HE e 2L AR (1.11x10% sejlyr)o]™, sl FH-4) sk
G0 glsteluX], 4, 9k, Bk, ulgre] 0= Azt oHXA]
o] 7rAstelt. FAHE Aol 4 (Table 12] 8% 3,
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Table 1. Emergy evaluation table for the Korean fisheries

No Item Raw Data Unit Emergy Value (UEV)* UEV Source® Solar Emergy (sej/yr) Emvalue®(2015 em¥¥/yr)
Renewable inputs
1 Sunlight 1.64x107 I/yr 1 sej/d a 1.64x107" 432107
2 Wind 5.46x10"7 J/yr 2450 sej/J a 1.34x10% 3.53x10"
3 Rain 1.90x10'"% J/yr 1.25%10%sej/J a 2.38x10% 6.28x10"
4 Wave 3.15x10"7 J/yr 5.10x10%sej/J a 1.60x10™ 4.23x10"”
5 Tide 1.50x10'"% J/yr 7.39x10" sej/J a 1.11x10% 2.93x10"
6 River, chemical 4.40x10" J/yr 8.13x10*sej/J a 3.58x10” 9.45x10"
7  Services, renewable  2.45x10" W/yr 3.79x10° sej/ ¥ b 9.29x10" 2.45%10"
8 Labor, renewable 7.20x10° W/yr 3.79x10° sej/ ¥ b 2.73x10" 7.20x10°
Purchased inputs
9 Fuels 3.32x10" J/yr varies sej/J c 6.28x10" 1.66x10°
10 Fishing boats 6.80x10° g/yr 2.22x10"sej/J d 1.51x10% 3.99x10"
11 Services, nonrenewable 1.14x10" ¥/yr 3.79x10° sej/ ¥ b 4.33x10” 1.14x10"
12 Labor, nonrenewable  3.35x10'" ¥¥/yr 3.79x10° sej/¥¥ b 1.27x10% 3.35x10"
Production
18  Fishery production 2.73x10" g/yr (wet weight) 1.53x10% 4.03x10"
6.05x10" J/yr 1.53x10% 4.03x10"

UEV with services
2.53x107 sej/J

UEV without services
2.43x107 sej/J

5.60x10"sej/gWW

5.39x10"sej/gWW

A1l unit emergy values were adjusted to the global renewable emergy baseline of 15.83x10%* sej/yr.
PUEV sources: a) Odum et al.[2000], b) Kang[2019], ¢) Brown et al.[2011], d) Brown and Arding[1991]
‘Emvalues were calculated with the emergy-money ratio of the year 2015 for Korea.

*Detailed calculations for line items are given in Appendix.

Labor) @ 7 (Table 18] 7H &, Services) .2 F18t QI+
w82 Z17F 2.73x10" sejlyr, 9.29x10" sej/yre] AHAE FH3k
Atk 2015 75 FAHE AAte] o] g8 TS llH A TR
1.47x107 sej/yr1el], 224, 3R B, s B AH| 9] o RS
tl3te(Table 19] 5~8% &= oW x| ) 73k, 240 37
Sk oA A7 FsolHA] KU 75.6%, 3H T 24.3%=
Fwekslon, Q7 mE (i W AH|Ae] Faaet AR
0.1%°l &35t

BjF, vhe, e, g, 249 of|m R ge B veithd S5
Axte] ==, o5 ARA U= e A 553 =
A =8 FgellA] o= WAl AgEo] 9l7] wWhite]thOdum et
al.[2000]). o1& gt FEALRS Fst7] 13l =] BrP =
FH ARE 27F Sl @52 A WA {8l 7 24
Tk o] f]ieF gl et shd-g FEl sl EAIE
deh= w@re elmAE Sl Ui el 719k Zlo)7] o
ol B EAIE A3 sk B, vk, A, gk, 245
FEARE] 9217} glo] A7 FsolHA frd@E Elell etsisict.

FALE Aatel] F1]E A7l A FHS sl 92 Sk
3Pd 2015 715 383 7,862 2¢/do] i TH(Table 1). A7l
A A% EAlel 3 243 ek @Rl el A= 22 293
3,068 /A, 9F 4,477 A2 7IRell dFsISitt. ol 2015
o FARE ALKEF 27392 )0l 7|08k 2RI 240 7] 3

1o

et

FARE RS flal] APellA Tlsl FEE QA= AR, oA,
a2 W e (@A E e )] vl 7FA] SE(Table 12] 9~1291
S E3EIGIL) QR QA4S B8 ke AYate] 5918 3
AT 5.76x10°" sejlyr©] AT, 2F-79) 8.4 7he-H] 7H
ol dldehs AN, ks At o AR, s, o
9] At ol FUE mwE)y7h R el A ] oS
A=, A7F 4.33x107 sej/yr(FET- oHAQ] 75.2%)9)]
ANHAE FH3klth o]glell mE ks At A3 T
QIZEe] =)o) 22.1%9] AHAE F3sI810m, 0141 (2.6%)7 A
F(0.1%)7F 58t A= wu|Ekeict.

QoA Ak o774 oA FFE Ane}
HrsfH ol o} Haljkaofdell Fsk= skl A 5)E
TSR B UAIS oM xS EZEhA] Haf 2] ollw
29 Z14#S ArIe A o7 fasie), AEHE oy, B2
(W5, 5F 5), 5 FUF Toll T3t A4 A5E AASH=
F SAS 2l A SAE A Ak Flshke AlEke] &
Aol et FAAQ] SAZE ik mEbA Ase} oS Alget
Azke] Eol Ast o= B 7ol EeEA] St oFd 74|
=7} 2kle] At ell ek Sule] eflwA] 7 A AL §led
o7, G S5 AT T elWA| Bt oY el
XS dui} A7 eh=x] sl = €5t} Sohn er al[1996]

2 Ko

A olglel o

O,

to
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o] Af-ol= =l Ak el Fegh 28] ol A] 7] B4
o} oU] A Q] oA S Akt P52 Amnt ¥
weba] G AHE kel Flshs 24l ot AF Q)
£ x3sto] vt kel FlEE Azt oW x|kl digk o
A8t ALks sk Weke S et Stk

et AR ALt FR1SE )] oA Sl Wl R
gakaba 2015 715 12 520399/ d0]90 0k 957+ o)
7he-d AR} ofAo] FEst oMk o= el Bl ujAst
MRS ALt wWiitel] GHE A B8 SAlo 23X
% FHOZ o]Fo] FARE At 71ogt ZEX] = Azt 4159
Ao sl et kel A e st niel o] ) Ak &
AL A wiiol] ks el FSlehs Algke] EdEo] Table 19]
olm=] F7tel] B 3R] ot Ajske] 7)o 7iAE A7k
SAZF Ak

2015 F2AHE Agatel] F91¥ F oW X3 (1.53x 10 sej/yr)e
THE WG 71 D9 9 AFE(NAAS2016)E
o] &3l ARISE UA|FEC Z o] g-uet o] Wt UEVE
AAFsItH(Table 1). A% 7|5 UEVE A4 A AT &5
ZFo 2 AAEo] Qo] 55 7| UEVE AXtsidict. 5a) A
B A5 Eoe 49 AbE9] 3t UEVE 5.60x10'° sej/g, 2.53x107
sej/Jol R om, .nE i AU AE A2 7ol 5.39x10" sej/g,
2.43x107 sej/Io1Att. oli= 71 =l AF-1E 591, Kang[2015])
ol A ¢85t 9= F319] Het UEV(-Sd AMu|AE #2)3 gho
2 8.40x10° sej/J; Brown et al[1993])E.0} <F 2,94 ¢f &t}
Sohn ez al.[1996] F-E|uElollA akst S4H=2] UEVE Akt
2] kght}. o= 9= #39] UEVE o]gate] 7] =] A7)
A APEEE A 77 AN SlE T3S ARSI e
23 AU|AZ A|Q)skar AR UEVE A1870] 252814 710331
7IAE Anke w o] gz, o] AtellA A 2015 AL 5
2HEC] 711 38% 7,960 /01T, 1t flofl AASE 9] =
319 UEVE o]l AAFsh 2015 AAF AHE9) 71+ 13%
4,01794/d o2 o] Agtof|A] AR 2015 A= 2] 7HA] 2
35%°ll E3atint. -Euvet sl g EAlolA Baket FAkEe] 7
215 oW A B elA o] GEetA Ak SleiMe 35 54t
& #3548 UEVE ARkl S8t A58 1 et Qict

3.2 AR MAR| K& ot

Table 12] el##] F7} AoE o] &sto] f-aluket 4k <] A
&7V s/dE Brreket 48 9l olWA AFE Table 20
A ARl Ak BTl FE oAl A A7 s oA
7} AR vlE2 G Ak 257l S shdekeEt o) 8
g 4= it 201599 A4 96.2%c] o]Z3th. AAlgso] Do
Sk oA & ot Sleke S-Elvker AAlo15d 71 AA7E
SolHA] HIE 2.1%; Kang[2019])4+ Aol 7741 gt ol <jof] =2
OJEsHE 552013 71 APE7FsolmA] vl 9.7%; Kang[2017])
2] FAY A ANTFs Qa7 TR duA S T

Table 2. Emergy indices for the Korean fisheries

Value
1.47x10% sej/yr
Local nonrenewable sources, N -
5.76x10%" sej/yr
1.53x10% sej/yr

Emergy indices

Renewable sources, R

Purchased inputs, F
Total emergy use, Y=R+N+F

Fraction of renewable emergy input, R/Y 96.2%
Emergy yield ratio, EYR=Y/F 26.51
Environmental loading ratio, ELR=(N+F)/R 0.04

Emergy sustainability index, ESIFEYR/ELR 676.41

aff A 7FsolmA] vjERE el w) XLk do] ol He Al
Aglow et 4= gt

2015 712 SEvker Ak AR AlELS] EYRES 26.51% A
2FE| Qi o]i= 2015 AAFSE FAREl| YAt & ewA]=o] 2
F9] e =] 2] oF 27uljof] o] 28] TR o] H]E- tiH] AAF &
F0] ol = Ag 2wt FARE A4k EYRE 20134
715 1.11(Kang[2017])°ll &33F5l o, f-2lvhet A4 7 A <]
EYR(2015 7]5)% 1.21(Kang[2019])2 SFAHE A4F2] EYRO
H]3j| o= kit

TbE Aol s EAlel rlA= F- 4 GRS YERdl=
ELR- 0.04% o} 5¥9ht}. w2HE AJAke] ELR- 9.30(Kang[2017])
S8 AN AkET 30l vl A= de] Flom, Sevet A
Al2] ELR(2015\ 7158 45.68(Kang[2019)2 30l n]x)= 93
o] o} Z1t}. Brown and Ulgiati[2004]= 735 -a11]€0] 105,
ot AW el mX)= gl ol F Ao FFShulk Qlt.

2015 715 eue} RS AR ESK= 676.41%, A|457Fs
do] o} & AR R H7HE = QItH(Table 2). o] $4HE
A4ke] ESI(0.12; Kang[2017])4 -$-=v2t 3 #1€] ESI2015% 7]
= 0.03; Kang[2019])H 0 ER 52 gho =, 5l WAlo] A 2
A 247t FFshs dlHRel A sk FAME ke &
& st

Table 201 A $-2lUe} AR AAke] o %] X]5=F Sohn
et al.[1996]2] AtEE o]&-3to] Alikst Ate} Table 3014 Hlws}
ST}, Sohn et al[1996]2 Table 2] o™ #] 24> 7}-2-d] ELR¥}
ESIE AAFeIA] ¢EA9E, Sohn er al.[1996]0] #|AI3E o <] H
7}ES o]&3lo] AAFet AFR S Table 39 718191t} ©] A=
Sohn et al.[1996]¢] H7txtt S-Evte} ks ABAke] 9] vl&-
] E54EYRYH AE7FA (A7 sl # =] v]E, ESIe] 1
=1L, el Aol IR GRHELRYP] T B2 21 0% st
FA ST dofoly] AAEES 33 Sohn er al[1996)3) 2]
o] a2l g4 A= dhleHold ) Aaflokaoid s E3 5
AHE AR ERkekal AR kol XA o At
o7} it

oMz 2|5=2] 2jo)= U 07 F Aol Aaket Aoy
A5z} x| 5F Aatel] ARE-SE 241 0] UEVEE 2tolel 7118k
A0 Febe), o] el A AR 24 WA %H(1.50x10™ J/
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Table 3. Comparison of emergy indices for the Korean fisheries

Emergy indices Sohn et al. [1996] This study
Renewable fraction in the total annual emergy use 0.67 0.96
Emergy yield ratio (EYR) 2.98 26.51
Environmental loading ratio (ELR) 0.50 0.04
Emergy sustainability index (ESI) 5.92 676.41

*Environmental loading ratio and emergy sustainability index of Sohn et al.[1996] were calculated based on data in their tables.

yr)2 Sohn et al.[1996]0] A|AI3F 2247 of| L] 2] 5(2.89x10"7 Jyr)H.
o} oF 520) ] wWkth. AU 7} s e Aol 7]oishs ollw
A HEHNN FTFHe AN UAF R Aats=)
(Odum[1996]), -2lvtel tl 5 A4S 18 FS W Sohn er
al.[199610] AAFeE ZA oA 2 AR A W A 07 Hlt),
Sohn ez al.[1996]> A7-2] ¥+ A= vletd AAGS A
g3t Aoz 7)EsARE, 2R At Al ARE-SE AL
HERE] Aol &5 W Ajo] ojuz} t] 2R HAS o]
St Ao FgHct 11 Av 24U A| 7} 7|5k of w A o]
AYA A A7 E QT TS 7 Al ARge BE g0
UEV(7]50] & Bjokelldx 9] UEV #12])7} th2d], UEV A4t
o] 71x7}F Hi= AT A4l Azt A7 Fe A f %
(Odum[1996]; Odum et al.[2000])°] 22 AF5 9} WH-S <85}
o] 20005 71 0% T gho] 2Ekzl H] 7]Q1gT). o] dTtelA
ARE3F ZA oA 2] UEVE Sohn er al.[1996]0] AR&3F ghr ok
oF 449 A1}

M= A5k uie} o] ks Atel] F{lehs 2714 &
2 7] Ase) oS ALl st Aske] B tiAlgt e
= Table 12] 7}l 3EFFEA] 2at3l7] Wil Table 29] ol =~
AE 7HE AFR.9) shAle)] whE E2E/3S stk Sl w=
A IRE 72 kA o] A9 wF ) Au| A7) Q)R] ol
AN A A3k H]E©] 49%(Williamson et al.[2015])31.0.H, B
214 ARk o] 73 43%(Lima et al[2012])30h. -2 Ue} &
% (Kang[2017])2] 7% =53 Au] 9] ofju = 25514 o=
22 oF 43%¢]] sFsIATt. o] AtElEe] Hr1st AlAEE 57 -
A9 FAME Ak A|2ETL PR A Aol @A ] Eit o] ks
£ A8l Ak Ak BSIE FYske e 2 AV ol 1
2} o] Aol AuE Fteto] st Ayl HAkE Ak
o FUsh= 27 AMA| ] 50%, AsHE Fsks oluA] 9}
B4 22 dmA|Zo] 50%E AA skl wesl skl 4
AHE Aol BSIE THA] Alilsld 185.1% & ZastSiA|ut, o
8] ko] Aake] A&7Fs/dE o Al W7HE ST 3%
FElvet AR AAke] A&7 e BRS04
e o ASE ALl Aste] 4 owAZE Alte] B8
o Apnl] S e dert gl

Table 201] A& =] |57} -2} ik AT Al 2] 4]
£7Fs730] ke A HOlFQIARL, o= -elve} s e Al
E oz o= AA| Algle Hd SATRS UERiL 8l

oo |

W, ol 9, o HEi EHW AR A AlEe] %9 )
& o) A3k, $39F, A57FE Table 20 AN Rk o
B 592 19 % ek, 53] §419} A el ool
FALE BATE) A9 AW, W, 3 o 9 ol
oah 5 Ao 219l 2813t | FHskE s A7 29l
29l0] BgH 0% Ag3jo] AR AL of7lo] elatala Q) 1)
5ol o] Qo] Bk a9 AAle] S5 weo] the & glek.

weba] 119 A4 Ps S o)) 1% S AR AN | #
S AR AP I o, olIR, o = L F
2 oviA 971 S8 Dot gk

.4 E

2pAe] Uit Abe] = FAle] aEshs olmA] 7P E o]
g3te] SEluel AR AAE Al ARl B abvke e Al
o] ALY A 7|e AR oWz] 2|45 AXlE] FAkE AL
b Al 2Ele] A&7Es23E 7RISl o d Bt Ak kel
ek oA T3 20159 71F 1.53%107 sejlyre| A=, =
A5 B T AR 24F B8 TaE A Fe A7t
o[ x| F&2] 96.2%(1.47x10% sejlyn= TS XA 3T}, 93
T4 ol A7} oA Fr{l ol A AAlsh= BlE-2 3.8%0l &3}
Pt FARES AR d) FYE Azt olmA] Fo) sl #ak
7R 402 3,065¢1 /A0 owA] A FrFeE AR A
2B 8- oA PN o83l F S AR AL vlEE) oF
278 @skth, S-Euet FAHES] Hit UEVE 5 AH| A9 o
WX S A|9)E AL 2.43%107 sej/] FE 5.39x10" sej/gEE 7]
)= AREE ST o= Alu7HA] =] ArellA] EEsth o5 1
©] UEVKT} oF 2,90 o} 7] Aol Sakao] AL 312 7}
A& A7l olMA] A Axt Az eluEl AR At
Al 2Bl B9l vl ] &84 (EYR=26.51)°] 12 Sl
o) mx|= JFHELR=0.04)°] o}5= ZqiT}, 1 Az} 54 A4 A
2Bl 2| &7 (ESI=676.41)2 o}F =2 7107 UERdth

o] Aol AEEE eflmA] A7t fElvet AR AR Al
g2] A&7FsAlo] Hrhes 21e RoFARE, o) s-euet ok
HEAE oz she Al AR Ha EATES veRdic
o, AdHEE, od e F5E A AlAES ofmx] £
¢ B1E- o] A, 3P 9 AETESAdS A AR vhE
T Qleh. wEbA AR ] A&7 S wol7] g AR Al
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Appendix. Notes to Table 1.

Ju—

. Sunlight
Area = 3.75x10" m* (MOLIT[2018]); Insolation = 4.85x10° J/m*/yr
(KMA[2016]); Albedo = 0.1 (assumed)
Energy = (Area)*(Insolation)x(1- Albedo) = 1.64x10?" J/yr
2. Wind
Average wind speed = 7.4 m/s (KMA[2016]); Air density =
1.23 kg/m*; Drag coefficient = 0.00126 (Garratt[1992])
Geostrophic wind = (Reference velocity)x(Height/Reference
height)"surface roughness = 10.5 m/s
Reference velocity = 6.64 m/s (Archer and Jacobson[2005]);
Height = 1000 m; Reference height = 10 m; Surface roughness =
0.1 (Manwell et al.[2010])
Wind absorbed = (Geostorphic wind — Surface wind) = 3.1 m/s
Energy = (Area)x(Air density)x(Drag coefficient)x(Wind absorbed)’ x
(3.1536x107 sec/yr) = 5.46x10" J/yr
3. Rain
Rain = 1.03 m/yr (KMA[2016])
Energy = (Area)x(Rain)x(1000 kg/m*)x(4940 J/kg) = 1.90x10'® J/yr
4. Wave
Wave energy potential = 9978 MW (Ryu et al.[2011])
Energy = (Wave energy potential)x(1x10° J/sec/MW)x(3.1536x10’
sec/yr) = 3.15x10" J/yr
5. Tide
Continental shelf area = 2.45x10" m’ (Kang[2015]); Average
tidal range = 1.86 m (KHOA[2012]); Percent absorbed = 50%
Energy = (DensityxAreaxTidal range)x(9.8 m/s?)x(0.5xTidal
range)x(706 cycles/yr)x(Percent absorbed) = 1.50x10'* J/yr
6. River, chemical
Inflow = 8.97x10'° m3/yr(MOLIT[2016]); Gibbs free energy
of river water = 4.91 J/g
Energy = (Inflow)x(Density)x(Gibbs free energy) = 4.40x10"7 J/yr
7. Services, renewable fraction
Annual cost = 1.17x10" ¥/yr (data from item number 11 below);
Renewable fraction = 0.021 (Kang[2019])
Renewable service input = 2.45x10" ¥/yr
8. Labor, renewable fraction
Annual cost = 3.43x10" ¥/yr (data from item number 12 below);
Renewable fraction = 0.021 (Kang[2019])
Renewable labor input = 7.20x10° ¥/yr
9. Fuels
Gasoline use = 1.10x10° L/yr (MOF[2019])
Energy = Usex(3.70x107 J/L) = 4.07x10" J/yr

UEV of gasoline = 1.95x10° sej/J (Brown et al.[2011])
Emergy = Annual usexUEV = 7.94x10"7 sej/yr
Diesel use = 9.13x10° L/yr (MOF[2019])
Energy = Usex(3.03x107 J/L) = 2.77x10" J/yr
UEV of diesel = 1.89x10° sej/J (Brown et al.[2011])
Emergy = Annual usexUEV = 5.23x10"® sej/yr
Bunker use = 3.10x10* L/yr (MOF[2019])
Energy = Usex(3.64x107 J/L) = 1.13x10'* J/yr
UEV of bunker = 1.80x10° sej/J (Brown et al.[2011])
Emergy = Annual usexUEV = 2.03x10"7 sej/yr
Lubricants use = 8.00x10° L/yr (MOF[2019])
Energy = Usex(3.70x107 J/L) = 2.96x10" J/yr
UEV of bunker = 1.80x10° sej/J (Brown et al.[20117])
Emergy = Annual usexUEV = 5.33x10'¢ sej/yr
LPG use = 2.00x10° L/yr (MOF[2019])
Energy = Usex(9.09x10* J/L) = 1.82x10% J/yr
UEV of LPG = 1.77x10° sej/J (Brown et al.[2011])
Emergy = Annual usexUEV = 3.22x10" sej/yr
Total fuel energy use = 3.32x10" J/yr
Total emergy use = 6.28x10'® sej/yr
10. Fishing boats
Total weight of boats used = 2.89x10° tons/yr (MOF[2019]);
Useful life = 20 years (assumed); Fishing days = 172 days/
yr (MOF[2019])
Annual use in weight = (Total weight)x(Fishing days/Useful
life in days) = 6.80x10° g/yr
11. Services, nonrenewable fraction
Fishery households = 54,793 households in 2015 (MOF[2018]);
Fishing cost per household = 2.13x10” ¥household/yr (excluding
labor cost; Statistics Korea[2016])
Annual cost = (Number of households)x(Fishing cost) = 1.17x10'?
¥/yr; Nonrenewable fraction = 0.979 (Kang[2019])
Nonrenewable service input = 1.14x10'? ¥¢/yr
12. Labor, nonrenewable fraction
Fishery households = 54,793 households in 2015 (MOF[2018]);
Labor cost per household = 6.25x10° ¥¥/household/yr(Statistics
Korea[2016])
Annual cost = (Number of households)x(Labor cost) = 3.43x10"
¥/yr; Nonrenewable fraction = 0.979 (Kang[2019])
Nonrenewable labor input = 3.35x10"" ¥/yr
13. Fishery production
Annual production = 2.73x10" gfyr (in wet weight; MOF[2018])
Energy = 6.05x10" J/yr (calculated based on annual production and
unit energy content of each fishery product in NAAS[2016])
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