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Emergy-Based Value of the Contributions of the Youngsan River Estuary

Ecosystem to the Korean Economy
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oA el AeiAle] 7HXE B7kske oA Jid et HES ol8ste] WA shaliel AEiAZE ¢l A
Alell 7osk= 7HA1E AT w3 A M2 wdell A sgrskit). sk et vzt vk @A E = A
B8] SA S whgato] sh ] sstelluA]7E frelelm Al F5(9.42X10% sej/yr)?] 73%E 7HE B cmAlE
worslon, A UARE 27%E 7]1ofellvh. A sHAEIAIR fr8lshs ARAEHE U E o] g-sto] AlAE]
AollA G skt AA ) 71o1ste 7HXE B71s A} oF 1,7999] emW/yr(1,491%F emW/ha/yr = 13,526
em$/ha/yr)C 2 UERITE GAE s EAIZE Aleehs ARiAl] T AL, 2ddE), Alvl Vs, ekl
T vl TR tde® B keI o] ZReHl AWl Y] ZEA7E 1,7999] emWiyro = 7P wgkow, At
EAAF1,011% emW/yr), 2979343269 emW/yr), F8HAT(9.39 emW/yr)2] =22 YERHTE oflUA|E o] 83
o] ZAAF I BAGES 7k oA WHES] SAS Widste] o] ATtelx] BrsE ik el AEA
Au] 2 7HR)= A = o] g3t F7hR T Eok

M o

52 1y

An emergy concept was used to evaluate the contributions of the Youngsan River Estuary to the Korean econ-
omy from systems and ecosystem service perspectives. Total emergy input to the estuary was 9.42x10% sej/yr
with the chemical potential of river inflow accounting for 73% of the total and tidal energy for the remaining
27%, reflecting the unique environmental characteristics of estuaries where rivers meet sea. From the systems
perspective, the estuary ecosystem contributed 179.9 billion emW/yr (14.91 million emW/ha/yr or 13,526 em$/
ha/yr). Four ecosystem services of the Youngsan River Estuary were selected for the emergy evaluation: fishery
production, pollutant removal, aesthetic function, and scientific research information. Aesthetic function con-
tributed the most to the Korean economy with 179.9 billion emW/yr, followed by fishery production (101.1 bil-
lion emW/yr), pollutant removal (32.6 billion emW/yr), and scientific research information (934 million emW/yr).
Emergy-based values of the selected ecosystem services of the estuary were higher than those calculated by eco-
nomic methodologies.
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7HVd AElA 7hedl 7 =9k

gy SEue) st Ay BkA7) Betke) 1 Aol
A A wig- ], SS A4 wliel] iR dleso] el
& AL Qs sHE Fotry] e JdElelth(Lee er al,
2001, 2004). H A EA ] FoA ol thE Q1A S Mo R
skl Ssle HES A 5 57 2R shrEE e Al
AE 7] 93k gekst At Bl AP [8E 3 QIek(Cho et
al., 2011). SFAYENAZE 98] Al 7]ojsk= A et 7Ex]e) o
3t peko| 1 WEst Hre de] $A4E9]e A, ol e
HAxole] M8 53} o] s AEAIS] o] 8 W ®ade] Ry
S AAsh=d I4AQ 7% AR sEsitt. MLTM(2009)
2 SAEA E471R] Hrte] 8 WokE skt o] I]s)s
7, e R ) sl madAd ek A, S
Oatel] TAF N o) HEL M8 52 AASISATH

sk ob #Ash sH el 7HA] 7] HeAds
ZAEA 7 S o] 4st A7) FH2oll fEluE 5
oz =T Kwak et al. (2006)> HFIIE 7
o]-gste] et 4 7IXE B7FeE oM, Yoo (2007a),
Yoo (2007b), Yoo and Lee (2011)%= zFz} 717384, Hs7dst
T, G sHE dPd o R A mgoliel AR 20N 7t
A&GHE g8l St 7sER F7IAE FE8Ii) o5
AT BT AERANE B3l 42 S27ke] A EAR A5
o] 7} 8l+2] 715 7S BT

oM 2] (emergy) "WHES o] g3t AlAE FHA s3]
o] AAgA0] 7ok 7RI HUFs 71 AkElE RS
(Lee et al., 2001)2} F5733}-(Song and Je, 2004)7} 3At}. ©]
29 Atz SHAEIAIL] L1 S 7 (Lee, 2001; Kang et
al., 2006y Z3HEAY, 39 A9} §9& 28 Y
(Lee and Kang, 2008)2] 7Ix& H7I51c}. 18y} o271 3}
TAEAZE 92 Al 71sks 7S A AnEE 3
7het Al Qlth 53] 9adslrE oz ofux] Ad
WU ES o] gste] she] ApAgA o] 7|olshe AR B
71215 F7VeAY Al AuE 7S Frke A9 o]
Ak

Chekslt o] 4 4=2.2] &A1 EA, 4t A1) o E <l
o SRSl Q) Ws), T]gRistel mE Arae wish et
AEfAS] 7ol gk Q124 Tt T o e SHHYEAIL] A Al
2ol #e] I oAde AX 1 it Gt Y] A JAkE, &
3%, U 5 5w FARA 7]
TN o]Fofx|= A A N EAg]o] slel| R FgF, YA
N7 HAg TS AARES 5 T s o]l 89 HAS E
2 therst dte] &Rkl QITHMLTM, 2009). o] el
FAPE SHAYENAIZ ) ARSI A A E L] Aol 71odsks 7EX] e o
Sk H3HA b Gabd e AEIE 2 ARIEAE b
sEstaL F131] s M ol Hast 7% ARE AT
& 5 91E Aot

wba] o] A= AEAZ) Aol 7)ok I3 XS 7}
k¥ o 2 Wristazl ks =g SRRl oA Jide) e
olg3to] GV sHIEIAIL] 71o] THAE AR B3 9 AUE
Al A2 BRelA] Frkskaat sl
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GIHX| 7HE

u] o] AR E|SEARQ] Howard T. Odum®] #|QHst of m %]
e HhHE AEALe) Sl E ol gk AAIEE B
2] 7E 371 mP AR U E ARSIt ol A= energy
memoryE E0JA] THE foi2 | «&t 7}X] Au|Au; AAHES e
v e A 18l H o R ofu] 2Rd st FRO o8 7
58 ol =]”(Odum, 1996)EF °lEtt. 5, lUA] &delA 2
o] 7HXE B71e off o] zpdell dAl Hot Sle AUAFS 0§
3h= Zlo] oz} o] o] whEolx]= FRF Basigld BE o
UAE Y3t gh@EAnks s &es arefste] ol FeluA|
e o] &sith ouA] W9lE 7HA] 7ol o] g5kow A 2kl
7Mdka} Agel] Tk QIZke] el ohye} o] xjflo] THE
A= IgelA ApAg0] 7]odk HE7EA] FLdt 715=ellA] H
& 4 o} AR e] W= emjoules ARE-SHCE.

o[ %] WA 7H Sk 7R & 7FA|7} o= 2
A (energy quality)©]tF. Odum(1996)> oA T3 (A& 591,
Joule 5= Z=2 )= VR ofUx]go] Zrjeke oy &= =t
e FF7E vEE de & Sl s EldAg] ZH)ol tE
T TSI IS S0 ElFeluA]l 17 AR euA] 1>
ARl oA T2 YRGS W 1 ok AR 3
= do Tk o] vz wiitel sdatAl HusiAe
15 3 F e s8] AR oE oUAE vud o
9] ztolE o olRE gith. o]of uhet ofjw=] vk
A= 30 e olUAE vl W 7t oUAE 7S
F- gk 71 TR oA R A FAlsitE A oA
PEoA AZ e TR/ AUAE vlwsl] 3l 7Ee®
AREER= oUA]= Bjekellix|olnt. BiFeUA]E 7] o= AXlst
oA MR Z ek =] (solar emergy)E} F-2H, solar emjoules (sej)yS
HE ARSI Odum, 1996).

Aduitt A& & Sl 59 Aolg: vEhlE @&, 71E
oJU=] FQIANS unit emergy valuez} 1, $ARRIAE -35)
= Hl AFSS 2FE 9] Tgol whEl o L] %] ¥ 8= (transformity),
specific emergy, o™ =] 3}HH]&(emergy-money ratio) 522 -
S oluA gk g 74x] 2pelo] RbEox|=H] A5 Bl 7Hd
o7 ARE U FAE, odwAZ)E o] Aol dAl Hot
AT AMIAZFSRE Lhe gtolth(Odum, 1996). BiFAA|7F @A)
o[ %] HhHEel A ARSSl= 71 olluR]o]7] wiiel] ellx]wigk
£ B3 (solar transformity)2l -2, T sejl]

Fe-gict. sl e AlS) Holrkes o2 4 HdeluA], 4
SHIOE, TEEEAE, ol RE A5S Hgelvxsert A
AT}, Specific emergy™= 37 21ele] omx|akes 1 211 &
FOR the #h(Sl: sej/gel™, oA stan] &2 oA ]Z-s 3}
HEFo 2 o] 18t gheh: sej/$, sejW S)oltk. ouR|ZE 2
2, 3l|RS o] 85101 ALket unit emergy valueZ} oA W E
oA 7P dwtE o & Abg-eh= AkRo| AR, Qo wef theksh
T E 0] 8310 unit emergy valueE 73l o] H7lol| &-88
T ek, kst zpgel] @A Holsl= oAl EEE A, 5t
5 52 unit emergy valueE w3 #lo] 1 AR12] ofjmH|o|T},

o fL
orik
J

2
> My
ﬁolr.‘ﬂrr
fr % o u
i

d
of

I

K ooE ffor

[e5

il

it
1| AN

N



oA RS o183 YA shIEAY 71 ZHA) 87t 15

(energy systems language)E ©]-8-3}o] 2J 331 th(Odum, 1983,
1994). UAAAEIRIO = 513 oulE Fofgt 7|35 o]g-3}
s of H7 Ak A 2EIS] T2 V)5S AAH Bl volet

& ' F UEF St} AW x] HrF mdls 29517 YA dA 3

34° 55' v . Theld A 2Ee] AAE ARl B} o] AT Far o
. e TAENA L] AW =] BF7HE FEsty] 3t 3 AR Lee et
) al. 2004)°] FAH} S92 HBeHS R AlQket P9] s (A
4: 120.6 km*)E A EISITHFig. 1). AlUAAAEIRIOIE o] 88
o} DAt Grbd sEIAIS] oA 7 Bl Fig, 29} AT
Fig. 29| 37} BdS o]&35te] oWx] FJ7tEE vt

Evaluation

Area ~ G299 oA 7}E] Yok Table 19+ 2k,
. ' Estuaring - No.: 87159 oiA] ALPE-& veh)7] ¢lgt 4 Hs
34° 45" dike - Items: B7}Ee] WA, FrHd AIAROR FEYSHAY
Youngam A|2E UpelA] doju= oy, 4, s, JH 59 &
Reservoir S (flow) T3= A1l (storage)= E3H3IC)
| = - Raw data: 37}-50] WX & Anlst=d] 2a3t 7% =
126° 20' 126° 30' Folu, Al oX] FrlEelA = At AR EFTH(/
Fig. 1. System boundary for the emergy evaluation of the Youngsan y), B2 S5 (gyr), SIS /yr B Wyr) 53 2ol A
River Estuary ecosystem in Korea. 7F A2 E o)L},
- Unit emergy value: *37F52] Ejey=] 71& ARIAN
HIHA| =7t s sejll, sejlg, seil$, sejfW T)E, FHIRIALS] Alitel] A1g-st
o=] F71E F3lshy] 3l WA Frt 2SSt of Aol ©k$lofl wel unit emergy value®] ©H$7} Gt
Mz H7} 292 Howard T. Odum©] 7REsh of x| A A~ B0 - Solar emergy: 371852] Bl HA|C R Raw data®} Unit

Goods

plankton

N\

Tidal flat
producers

_Youngsan River Estuary
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Fig. 2. Energy systems diagram for the Youngsan River Estuary ecosystem in Korea. M=Microorganisms.

Table 1. Typical format for an emergy evaluation table

No Items Raw data Unit Emergy Value (UEV) Solar emergy (sej/yr) Emvalue

Solar emergy/Emergy-money ratio

1 Iiyr, gfyr, $/yr, Wiyr, etc  sej/d, sej/g, sej/$, sej/W, etc Raw dataxUEV (em$/yr, em Wi, etc)
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emergy values 30 A2 Fholth ©4: solar emjoules/
yr(sej/yr)

Emvalue: EfFolHX&S A S}H8]&(H9): sej/$, sej/ ¥
)E the gho =, 715 3199 whele] we} emdollar(em$/
yr), emwon(emW/yr) 52| ©9E AR} S Emvalue ©fl
HAFE S kst glold, o9 o mm s
S8 AR e WP ARs) oA 7t AiE vl
& 4= it oAl E-S vt AV A | 52k AL
43 AR (sejiyryS AZF FHFTAAAHGDP/yr) O 2 Lo
Tt

OIHX| ZIX| H7t
o] WIS o]gst YA sHAEAIL] 7o 71| B
T 7 BN FEEIgleh. 94 e F-elA] fridshe oy AG
E40] B5& o]gsto] sHAEIAL] 7o T E AlAE B
oA Frtstelet. QA s EIAIL] AFAgE o] ¢ Aol
71of8l= st 7S Bl Q18 AR Re] Fashis o
WA, AV sHEIAI] AR A AI S-S 7Fs Al ke
H-8 ) AgJstal AR ANAA 7Y sk ol A=t aes)
St

GV 7 Algshs AEAl AnAg] oW A] ZE]= Ak
=42k, 29k, A 71w, AT v 7R E tde R 3
71Tt FAHEAIALS] Frtls Gabd sRE U R S
ofEAIS AR ArkE BAIE o &3l kel el 7y
< 58 095 AAE 1 W SeAE vE-S A u
2hA] @A st An|E Frksb] fl8l 33k AE7t hsst ek
Helge] 74 9 ool Fast Astel oo oS o] A
2] ArAAFLRE o] D ALAATT oA H]E-S
Arksigict. s-elvete] skrAjgaldel gt o= 71 Ak7F
Qo] o37jell = 2 9€e] Aldl(Geber and Bjorklund, 2002)5 %
TElth. 297 st An|e] Brtell= QAP el 85771
2 FAARES o] &3i8l=d], o] AellA Farst sk el ol
TEAEAEol7] wiitel 71EY YU AAE BT 1 E
A SEANES s At webA o] At AhAA
TS 295 AuAE ks FHOE skal owx] 3
7V SISt Anl 715 AS- Jabd SR S s A
ZelwA 2] TS o] gslSwd], AAFHoly AP Z71=
AL A A A SHYEIAIE fdehe AHAgE el
WA 7L F3E o= 2Rgsto] VRS ofn|X|eh= e 1Esisict. o

o

Al
A

A S REAY] m5E Gl B8t AErt Bl BEkd
T ARt AAIEY] Q= W Ve AlLlEI o, 1972~2008
d 717 Bot Akt SHEE gt o R B = W KA e
FE olg3te] el MU A HrIsISit

QA SHAEIAIL] A AR B 71 W ABEA] AR 71
Hrlel od AlgEs 7P BAAE, A A BaA
o olgstalon, B7E 7IEdes 2008 0% 8)
Ak 3-9- 2006 YA ARE o833l

aj

ol &t

A1} Al

AIAEN ZHEof 7[0d 71X

Fig. 20 #|A)3 RS upgro 2 AJAe] B Jr7t st
AefAlC] XS H71s7] $138] Table 291 2ol oAM= FrlEs
233130t Table 2= AP s AJEAIS] 2RI 0] =53t
Z1odehs 7HA(&, A3 S-S viAlsE 719 THR)E et
Hate] sHEEIAIS] F7F AA vPellA fdshs A ey
A9k gt

ZF FrilovA 2 A HekE uf sy B s F3l
AV SR fYdshe B gstelv A7 7P B2 6.91x10%
sej/yrd] oHAIE g3 om, A=) (2.52x10% sejlyr)2} 7
T 3}l g7 (2.11x10" sejlyr)e] elMA] 7%t =3he). Bk
NUA7} A Fo 2= GA) st Aol 71 Eol 7)o
(5.56x10"7 Jyn)atAAIRE, ol A] 7]ofte SHelx= ol vin|}
ot YA SHAEAIR 4 W FF Y F A=
9.42x10% sej/yre] A}, & 7 NHAZS Axtet b SEANRS
37| flete] A=} skl ety Awt Hsoict. Hlek
oA, vl =], ko=, Zreld=], 24 e|q=|= A+
9] x| 9 B4 &3-S T3l ol WA A= g7 o
ol o]5& @S] tshs A2 FEALES Adsit). webA] o
w2 B EeME olF 5 7kl oA 7% rt 7R & A
T vt T Aol Rl e sstelldR| 7t ARRlsE
HE2 73%30m, A7 YA 27%2] oHAE 38t
St} olelgt A¥k= sls} Bt v A== 32 el
573& Tk ®HolFa Qlrt

G s AEIAIR AR sk & AR (9.42x107 sejfyr)
S 2008 oM A|S}HH]E2] 5.24x10° sej/W (Kang and Brown,
2012a)2 o] 78t emvaluei= 1,799% emW/yre| STt ©] gkol
AV AR AT $=] BA Z)ojshs AR 3R] kAo

Table 2. Emergy contributions of the environmental sources that sustain the Youngsan River Estuary ecosystem in Korea

Item? Raw Data (J/yr) Solar Transformity® (sej/J) Solar Emergy (sej/yr) Emvalue (emW/yr)
1. Sunlight 5.56x10" 1 5.56x10" 1.06x10*
2. Wind 1.34x10" 2,450 3.29x10" 6.27x10°
3. Rain, chemical potential 6.93x10" 30,500 2.11x10" 4.04x10°
4. Wave 2.54x107 51,000 1.29x10" 2.47x107
5. Tide 3.41x10" 73,900 2.52x10% 4.80x10"
6. River, chemical potential 8.49x10" 81,300 6.91x10% 1.32x10"
Total 9.42x10% 1.80x10"

*Data sources and calculations are given in Appendix A.
°Solar transformities from Odum et al. (2000)



oA WHES o] g3t JArd
Gttt o] 2 weHA G o7 VER W 1,491% emW/ha/yr
(13,526 em$/ha/yr)1 8], Lee and Kang (2008)°] FAPIsl+ £
A Al @S+l )] AR (A7 Fs Ak W A ET}
ARl Aol 71edshe FAE o= AR 7299 emWihalyr
(2003 7]5E)H T} oF 28] =2 Fholtt. o] FAHE s 2
AL A A SOl A sl AEAIZE 7= ol A B L] &
Q73& Wsh= Aol

3t o] Al Alkst it shtsile] AelAle] 71e 71
A AA A A S H Rk 2=9kv} Brandt-Williams and
Brown(2011) 7 AIA|S] AETAIE tPd o= AAg o2
oflmz] 710§ 71X 5 H71SI3T) oS W= SEAJElA Q] 7
$- DA AY A7F 945%10' sej/halyre] A7} S8k 0,
o] 3,527 em$/halyr (20001 7159)2] 7Fx]of| sfgalict. A Al
A SHAEAZ S oA 2008 AlA ZAAE] oA
3} ¥] £(2.46%10'* sej/$, Kang and Brown (2012b))E U}FH
3,841 em$/ha/yrell SF3HE. FAPE SAEIAIL] 719 ZEAI7E A
AlA Btrot 35000 A Gad sHEEYENIAIZE o= STelA
ZAA| 7101 Ao ol Hr= e & Sl

MENA| MH[AE 710{ TIX|

GV SHAYENAIZE Algshs AYENAl An]] owA] Frh=
Table 39 A|AISFSATE o] AFeA] F71ek v 712 AH| 2 7k
4] Au] 7]50] 1,799 emW/yrC 2 ofx] 3-ofA 71 71|
N ARIAE YeRow, SARRAAR1,011Y emWyr), 237
343262 emW/yr), 81A1(9.3%] emW/yr)2] =02 7|9 71A]
7} =9kt o] & ] 7HA] AnIAg] ZRAE H$E Azt 7oA
3,1459] emW/yro]Sltt. o] Q-tollA F7kehA] 3t thE Au)A
ol gl7] wiitel o] gho] FAr sAYENAS] HEAR F V)
AT E eJnfsiAl= et

o|m=] oA Alrkst FAREAAE AB120] 7]o7EX]E GAk
7 3 oEAIS] 20064 ke ARARIR] 131,793 (NFFC, 2007)
H}h 7,74 =9kt ol Ak shrellA] ke FAHEC] Al
74217} A ElA| ] 2RI o) o]ef st AAtel] Z]ojgh ulE A
B7ysta Qrhs 1S ouisic), weha] AdEiA|Q] o)&, A, 1
A} A=-E A AAYS 8] AEA 710 7HAE Btk
g g dnbr o g ggatal Qliz AAISHE Hrlolele of w4
Mda o] ok IHelA AeiAle] 717 xE H7kshs W
& o] &3 Fart Qo

olgfgt Ajoli= o] Ao} FUSH Vo At sk
75 BASH] WS o83t

L
L

EEis—
k2] 3 7Fst A5 (Yoo and Lee,
2011)2} Bl = YERSTH(Table 4). Yoo and Lee (2011)7= 3

S JAF

SHHEENAS] 71 7HA] 7} 17

Table 4. Comparison of emergy and economic valuations on the selected
ecosystem services of the Youngsan River Estuary in Korea

Ecosystem services . T.’his study Yoo .md Lee (2011)
(billion emW/yr)  (billion W/yr)*

Fishery production 101.13 -
Pollutant removal 32.61 7.95
Recreational/aesthetic value 179.86 6.32
Education and scientific research 0.93 6.28
Spawning ground & habitat - 7.90

Total 314.53 28.45

*Economic values for each service were calculated using data in Yoo
and Lee (2011).

2V s BAE A 9 AR Vs, @938 Vs, o7
9 And 7], wSAEAT Vs T vl 7S e R s
agol&ol IAT ZAFTHSEE olste] AAA 71
B7FslGitt. o] 7kt o] AtelA F7ksh Au|Agl FEEE
2433} 715, o7 2 AvA 7T, W /aERITY 5 vlwet
A A3} 71s o7 © An A T elHA Bk S o
7} 7158 nZ3He oujx] Zwe] 7)o kX7t ZHzt 4.1, 28.5
o o =kt ey skl V)] A AAIEHA A7t
A7} ow#] 7Ex K} 6.84 3okt oW A H7Ee] An|x &
B 7] Zo| @) 1938l = AREEAL] BFEE iF Yoo and Lee
(2011)2] 3 71 zle](F#Hd) 1.3u))Eer E4 o] Zich

Table 3] A|AJgH ol|mf=] 7] 49 apa] o w2 7Ex] 7ol
ARESE unit emergy valueZt B &)= AmEhks A7) Qlth &
3t Bt 52 AFxlo] Aol FIst Alzk ] T8 1
#fsle] Axkehs o] o Bpdst 210 FtEA|RE, o] ke
M GA sHEAEIAIL] @ltell FlE AT, AR, A
H] 59 A1) HARE SR =319 Appendix Boll #|A]
S S gash bl QIsich AAIEA el A dRikele
et HEZAPL 7RI Qe S vE S o) AERA o) g
B3} o RS ARE S ghEste] BrkE s Bevt
Qe Aoz e 53] 2933 715 2 wS/mEklT 7]
5 T 2ol ARl AL Amut JRI} o] g Thss A9 A
AP ofd ok e WS AREste] FrtshhA ofmA] 7t A
ol o 9v] 9l HwE & 4 QS FoE )

FAE sl AEA19] 20061 d FAREARATAES JIZH 0 HS AL
314 2531 Yoo and Lee(2011)S] Aol wes] tE 3¢ tAl
712 AR12e] F e 416.29 Y yroll AlFEL) FAE Ale
A g A 2A] 7)) tigh BrEE R3] ok Al = ol
vx] 1] 7)o 71X dA7} 7.60) o =9F

e ox M

Table 3. Emergy evaluation of selected ecosystem services provided by the Youngsan River Estuary ecosystem in Korea

Ecosystem services’ Raw data Unit emergy value’ Solar emergy (sej/yr) Emvalue (emW/yr)
1. Fishery production 6.31x10" J/yr 8.40x10° sej/J* 5.30x10% 1.01x10"
2. Pollutant removal 1.64x10° gN/yr 1.04x10" sej/gN® 1.71x10% 3.26x10"
3. Aesthetic service - - 9.42x10% 1.80x10"
4. Scientific research 9.41x10° J/yr 5.20x10" sej/J° 4.89x10' 9.34x108

"Data sources and calculations are given in Appendix B

*Unit emergy values from a) Brown et al. (1993), b) Geber and Bjorklund (2002), and c) Tilley (1999), adjusted to the global emergy baseline

of 15.83x10* sej/yr
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7} A2 ow#] ST V1o 75 SeIH A (ha) O §F
Absld An) 7158 1,491%F emWihalyr, SAHEAIARS 8397 em
Wiha/yr, 294 3= 2708 emW/ha/yr, 38T 7,77 emW/
hatyre]Qlth. Ul 714 AMu|Ae] gl As 7]of 7ix]9] e e
2 2220083 Hek $ 1,102.59/$)310 23,653 $/halyrel] ©]
£t} Costanza et al.(1997)°] 2 AlA SAEA7F AlFsh= v
st Anie] ZA1A 71 Tl 3h($22,832/halyr) S 2008 715
g2 kel 44,784 $/halyrell sldsl=tl, olwx] Zwe] 7}
2] GAIE o] 72 53%el =3It} Z1evt Costanza er al.(1997)2]
A AT =8, AT T A ANAE Ak, 9
2V ] A s whitel] Brst dllre] AR E3t)
2PEo] 917] wWiEell Costanza ef al.(1997)2] AFE.9} o] AT-<]
AdE AA vlask=d A7 dokes S 3ilstoiof stk
o] Ae] Frkel ARl= FEL A=Ak 2008 715 71
= 1,022 $/halyrE, A SHAAEIAIL] FAREBAT An) e
that oM S 71X](7,605 em$/halyr)’} 7.48] © =Sk
upEha] oMx] RS o] 83t 7)o 71X Hrks A e
EiAI7E 2] Aol Zefaks fAEo] ol wrhs RS ArIst

2 3l
4 E

=] WHES o83t gatd shalle] AeiAlL] 714 7
215 Al I A AR BolA et A s
EjAI7E $-2] Aol 7|o{ehs 71R17F ol 2 210 R
A2E oA et Gad s EIAIR] 7191 7ER = 1,491
Tk emW/halyrO =, GAPE SHAYENAIS] AN - ARSI AAA
A& vk sict. o] AtolA] F7Ee vl 7HA] AEjA] Au] e
7Z9- 2] 7]150] 14917 emWiha/yrC & omx] = 7}x]7}
7V Egkom, AR, @ 943), HEklge] o ® YER:
o}, olwx] F1e) 710 7R AASHE e A% 7R R
o} 4 ol AAgA Y 7 S oA o]gste] Brlskal
2 3= ewA] Jd T W] BAS & HofFint. GAardst
7] o] & - LA oleft e FAA T E T8 1HE &
7} ek, T3 o] AAte] Ay A F7HA|
o] gellx glofuf it s ENAIZE 7HA AL Sl AElE] - 73 A)

A AEE S8 A5 9Iak o) 0 Mane s

Ao AR BEE 5 9 Ao o

o] Qi A Bl B B AR FHOE W
Phse Asleka HetiT s Brksgon, Betiel 7
5 QA sl Aol FUR AT, AT, AT 5
of A% AR FE3pe] 913 Alelel] ANF A ARES o
oA Zee] S ek @A) olek. e 29 sh Afulao)
A9 S sl diat olvA) B2k At glel sl
ARE AT G ST} ATIH e Hpl
L o] Aol B U] Aol gl AR AT, A
A7} 5 ThFRE AT S el Mew At FRe
sato] o] Qe B bl Alelstich wWebd 4
T S Aulse) Jlo] Zpge] Bedt A &
wab] §18 A AT-2 WA AW Bt ek,

i 4o o

=

o 4

Ab AL

o] gz FESH A2 e AEAA T F D3
AV s ARt o® Fasiglon, A AlRE og3le] &
- BASIIFULE o] 1= HESHL 2AS dFAL HA]

£t 1 78 (References)

Barbier, E.B., S.D. Hacker, C. Kennedy, E.W. Koch, A.C. Stier, and
B.R. Silliman, 2011. The value of estuarine and coastal ecosys-
tem services. Ecological Monographs, 81(2): 169—-193.

Barry, R.G. and R.J. Chorley, 1992. Atmosphere, Weather and Cli-
mate. Routledge, London. 392pp.

Brandt-Williams, S. and M.T. Brown, 2011. Renewable emergy in
earth’s biomes. In: Proceedings of the 6" Biennial Emergy Con-
ference. pp.93—104.

Brown, M.T., R.D. Woithe, C.L. Montague, and E.D. Odum, 1993.
Emergy analysis perspectives of the Exxon Valdez oil spill in Prince
Williams Sound, Alaska. Report to the Cousteau Society. Center
for Wetlands, University of Florida. CFW-93-01.

Cho, H.-J., J. Ryu, K.-H. Lee, B.-Y. Lee, D. Kang, J.S. Khim, J.
Nam, and C.-H. Lee, 2011. Suggestions on the estuarine research
projects for integrated estuarine management in Korea. The Sea,
16(4): 212-222.

Costanza, R., R. d'Arge, R. de Groot, S. Farber, M. Grasso, B. Han-
non, K. Limburg, S. Naeem, R.V. O'Neill, J. Paruelo, R.G Gaskin, P.
Sutton, and M. van den Belt, 1997. The value of the world's eco-
system services and natural capital. Nature, 387: 253-260.

DBPia, 2009. www.dbpia.co.kr. accessed on 1/7/2009.

Geber, U. and J. Bjorklund, 2002. The relationship between ecosys-
tem services and purchased input in Swedish wastewater treat-
ment systems - a case study. Ecological Engineering, 19: 97-117

Kang, D. and M.T. Brown, 2012a. Environmental accounting of the
resource basis of the Korean economy during 1981~2010. (Unpub-
lished manuscript)

Kang, D. and M.T. Brown, 2012b. Emergy basis of the global econ-
omy during 1981~2010. (Unpublished manuscript)

Kang, D., J. Nam, and S. Lee, 2006. Emergy valuation of a tidal flat
ecosystem in the southwestern coast of Korea and its comparison
with valuations using economic methodologies. Journal of the
Environmental Sciences, 15(3): 243-252.

KHOA (Korea Hydrographic and Oceanographic Administration),
2009. Bench mark data sheets. www.khoa.go.kr, accessed on 9/20/
20009.

KISS (Koreanstudies Information Service System), 2009. kiss.ksstudy.
com.accessed on 1/7/2009.

KMA (Korea Meteorological Administration), 1981~2010. Annual
Climatological Report. Korea Meteorological Administration. Dae-
jeon, Korea.

Kwak, S.-J., S.-H. Yoo, and J.-In. Chang, 2006. Valuing the Han-
river Estuary: using conjoint analysis. Kyong Je Hak Yon Gu,
54(4): 141-161.

Lee, C. and D. Kang, 2008. Emergy evaluation of the estuarine areas



o] WHES ol

oo

of Yeongsan River, Seomjin River, and Han River in Korea. Jour-
nal of the Korean Society of Marine Environment and Safety,
14(2): 135-143.

Lee, C.-H., J. Nam, S.H. Kim, S.D. Park, B.H. Rho, T.H. Noh, S.J.
Lee, H.J. Moon, Y.J. Choi, K.M. Huh, D.W. Kim, S.J. Kang, and
S.S. Bang, 2004. Development of sustainable estuary manage-
ment strategy in Korea. Korea Environment Institute. 646pp.

Lee, C.-H., D. Kang, J. Nam, B.G. Lee, and H.J. Yu, 2001. Integrated
management strategies for estuarine environments in Korea. Korea
Environment Institute and Korea Maritime Institute. 369pp.

Lee, S.M., 2001. Environmental accounting for Saemangeum tide-
land reclamation project. In: Proceedings of 2001 Spring Meeting
of the Korean Society of Marine Environmental Engineering.
pp.1-14.

MEA (Millenium Ecosystem Assessment), 2005. Ecosystems and
human well-being: current state and trends. Island Press, Wash-
ington D.C., USA. 917pp.

MLTM (Ministry of Land, Transport and Maritime Affairs), 2009.
Establishment of the management strategies for estuarine areas(II)
- Youngsan River Estuary. 619pp.

NFFC (National Federation of Fisheries Cooperatives), 2007. Eval-
uation and status of fisheries cooperatives. National Federation of
Fisheries Cooperatives. 455pp.

Odum, H.T., 1983. Systems Ecology. Wiley, New York. 644pp.

Odum, H.T., 1994. Ecological and General Systems. University Press
of Colorado, Niwot. 644pp.

Odum, H.T., 1996. Environmental Accounting: Emergy and Envi-
ronmental Decision Making. John Wiley & Sons, New York.

S JAF

SHHEENAS] 71 7HA] 7} 19

370pp.

Odum, H.T., M.T. Brown, and S. Brandt-Williams, 2000. Folio #1:
Introduction and Global Budget. Handbook of Emergy Evaluation.
Center for Environmental Policy, University of Florida, Gaines-
ville, FL.

Rhew, H. and G-H. Lee, 2011. Relationships on magnitude and fre-
quency of freshwater discharge and rainfall in the altered Yeo-
ngsan estuary. The Sea, 16(4): 223-237.

Song, K. and Y. Je, 2004. Ecological economic evaluation and man-
agement strategies for the Nakdong River Estuary. Busan Devel-
opment Institute. 125pp.

Tilley, D.R., 1999. Emergy basis of forest systems. PhD. Disserta-
tion, University of Florida, Gainesville, USA. 296pp.

Yoo, S.-H. and J.-S. Lee, 2011. Assessment of economic value of
Youngsan River Estuary. Journal of Korea Water Resources Asso-
ciation, 44(8): 629-637.

Yoo, S.-H., 2007a. Measurement of the environmental value of the
Seomjin-River Estuary. Journal of Environmental Policy, 6(2): 1-25.

Yoo, S.-H., 2007b. Using the contingent valuation method based on
multi-attribute utility theory to measure the environmental value
of the Nakdong-River Estuary. Ocean and Polar Research, 29(1):
69-80.

20133 29 3Y A
2013\ 29 13Y AR He
2013\ 29 13Y SR A

YR 2]



20

Appendix A. Footnotes to Table 2

1. Sunlight

Total Area = 1.21x10°m?> (Lee et al., 2004)

Insolation = 5.12x10° J/m*yr (KMA, average of 1981~2010)
Albedo = 0.1 (Barry and Chorley, 1992)

Energy = (Area)x(Insolation)x(1-albedo) = 5.56x10'7 J/yr

2. Wind

Area = 1.21x10° m? (Lee et al., 2004)

Average wind speed = 3.89 m/s (KMA, average of 1981~2010)

Geostrophic wind = (Average wind speed)*(10/6) = 6.48 m/s

Energy = (1.3 kg/m*)x(0.001)x(Geostrophic wind)*x(3.14x10 s/yr)
x(Area) = 1.34X10" J/yr

3. Rain, chemical potential

Rain = 1.16 m/yr (KMA, average of 1981~2010)

Energy (J/yr) = (Area)x(Rain)x(1000 kg/m*)x(4940 J/kg)
= 6.93x10" J/yr

4. Wave

Shore length = 51,000 m

Wave height = 0.2 m (assumed)

Wave velocity = (gravityxdepth)'?= (9.8 m/sec*x10 m)"*=9.9 m/sec

Energy = (Shore length)x(1/8)x(Density)x(Wave height)?
x(Wave velocity) = 2.54x107 J/yr

5. Tide

Average tidal height = 3.15 m (KHOA, 2009)

Area = 1.21x10* m* (Lee et al., 2004)

Energy = (Area)x(0.5)x(706/yr)x(Tidal height)*x(1025 kg/m’)
x(9.8m/s?) = 3.41x10' J/yr

6. River, chemical potential

River inflow = 1.80x10° m*/yr (average of 1997~2010, Rhew and
Lee (2011))

Gibbs free energy = 4.73 J/g

Energy = (Inflow)x(Density)*(Gibbs free energy) = 8.49x10" J/yr

o 4

Appendix B. Footnotes to Table 3

1. Fishery production

Production = 18,333 MT/yr (NFFC, 2007)

Energy = (Production)x(1x10° g/MT)x(4 kcal/g)x(4186 J/kcal)
x(0.20) = 6.31x10" J/yr

2. Pollutant removal (nitrogen reduction)

Net removal of dissolved inorganic nitrogen = 3.21x10® mmol/day
(MLTM, 2009)

Annual nitrogen removal = (3.21x10° mmol/day)x(365 days)
x(14.0067 gN/mol) = 1.64x10° gN/yr

Unit emergy value = Total purchased emergy/Nitrogen removed
= 6.21x10" sej/gN

- Total emergy in purchased goods and services for a conventional
tertiary wastewater treatment plant in Sweden = 2.51x10'® sej/yr
(Geber and Bjorklund (2002), adjusted to the global emergy
baseline of 15.83x10* sej/yr)

- Annual nitrogen removal = 24,150 kg/yr (Geber and Bjorklund,
2002)

3. Aesthetic service
Total emergy input from Table 2

4. Scientific research information

Number of papers/reports published (1972~2008)=4.4 papers/yr
(DBPia, 2009; KISS, 2009)

Energy = (Average papers)x(14.6 pages/paper)x(1 g/page)
x(3.5 kcal/g)x(4186 J/kcal) = 9.41x10° J/yr
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