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2 %:uR Ade olste] rldalred, AxIAdslTel, kel o) AR ALS A RS2 dvletaL shrel wEf ok Beid Alx

SSick. ardahe, ARAE, ddslole] ApAskg et ksl Aol gk eflmlX] ks o é}idOl Filshe 8484 543 Xlgial AL
NAAGT TR TIsske BAIY B4 F olE shele 54 & I#.O%iaiv}. 2z} o #9]

oIl JLM ol A7 s A7E Al BHFed 2] JA| oA Frlkeld XAk v1E-E 8% ulU&L H A3t 01°ﬂ 3| sl el etolx T
QJato] MAAAA ] FLIBH= o x| Q] B 927 RBBE RS AHEGIch WA oAk 748 3AREl]E, on

5 TRt oleiH] A7t @A GArdeite], e, Pdsledellr ol oA AL Sl ARRAAI RS AEAde] OH Siths 218 Bl
AdslTe, Axdskel, e dehTel9l x} 73 1 2] BAlel 71e98k= 71l= 7297 22068k EmW/ha/yr 0= 27 7HE QI ol peluet A
BrrEch 29 ol w2 A, shrele] AATo] 7L JE ARAEAIA oS W éfzt} uebx] 2z} shtede] 73 Qe AHATEAIA A
g A8k S5a] f1%t shrEEvEld iﬁ 9 ?%!DA]%‘O] Algeitar 8 4= Qlek o= <yt Bl FAl A5 sk o] #4489 1346} °l

_.51{ (ot r_, J

SO 5 3780 el Ve A G Fol] A% 2 SHe] AN Ay A B, ATPeA) 24 5 eAL) st
V5& 3Bl 7k 018 & Y A MMAE FNIE TR SR T A PFoR 3% Aest ok

A

B0 : oA F7L e, YAk, AR,

o

Abstract : An emergy concept was used to evaluate the environment and economy of the estuarine areas of Yeongsan River, Seomyin River, and Han
River in Korea. The emergy evaluations clearly showed ecological and socioeconomic characteristics of the estuarine areas that act as ecological and
economic centers of surrounding areas. River, tide, and ramn provided most of the renewable emergy inputs to the estuarine areas with their
contribution to the total emergy input less than 8% The estuarine areas mostly relied for their operation on the purchased emergy which accounted
for B2~ 98% of the total emergy input to the systems. Emergy indices such as emergy use per unit area, population carrying capacity, environmental
loading ratio, and emergy sustainability index revealed that the estuarine areas of Yeongsan River, Seonyin River, and Han River are not sustainable
at the current level of economic activities in the areas. The ecological economic values of the environment of the areas were in the range of 729~
206 million EnW/ha/sr. They are more than twice that for the whole country, indicating the ecological and economic importance of the eatuarine
areas. It is, therefore, urgent to establish and implement estuarine management policies to protect and restore the ecological and economic potentials
of the estuarine areas of Yeongsan River, Seonyjin River, and Han River. Management plans for the estuarine areas should include both demand-side
measures such as reduction of population and economic concentration and consideration of ecological carrying capacity i plannming stages lor
utilization and development of the areas, and supply-side ones such as restoration of degraded ecosystems and construction of new productive
ecosystems.

Key Words : Emergy evaluation, Estuarine area, Yeongsan River, Seomjin River, Han River
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1.4 2 ek AAe] fa dde) Asied 3w AT oy
AEA L R Fol7kx makahe alele] AARA T ALY

Agsjelst Adso] Y wpel olek Aol el x4 ARETA AR ARE B/RE FAsk S AEA wejs)
o] oJarS W Zrol'(o] B o) O.E Aol s g et FAAAREE AAStaLAl skolh shrele] gt
G927l gh) BSejuls BEs o), sk AR 847 wjie AEIAAGECl ik ALR BUEE fle] Aded s AAlgE
o] ol o AFAQ Ho|WEIAR 8 ARE oz = FXA WM olsistaL, o] F Fal Pkl AAlel
SFEO] A T7HO B 7)5ebT Quh s me EAlEo] A 7118k vke AEiEhA Rl FRelA FrlskaAt sk oA

A, gk Ao dleln 2o AAdAs waAzr 7] (emergy) /iE Odum, 1996)& ©]-8-3k3ltk

.
= ZrEaato} dake a1 e AAA 7%, ofe ke A FeuEtell A omA] AEE o]8ste] skt ahrel o] A
erJJr sko] QA7 WSOl Al . Eald s go ther AT AREAEADES Gk AT BA ot o Tk
s AWEA, B AAD A2 A Qe Ao okl g U 89 estuarine area) o= F Akl F3t A (2005)
o}, olglet AHA, ALS|AAA 750 2o4 wio sy ) A77F Ak F2 A @Q00)= eFelM AR oA
A AA7 A = AT AYA FFCEAE b e o HUhs W AAgAo] FET oWA7} v wol $Edst
= FEglch @ AAL AEATE A Zlolshs e g TR M AsE Ansle R dasylon, Al
OlAl M= H7He Costanza et al.(1997°] whzd shpge)  PIAIE FAHRL Gl Ha ALrheAo] e AnRoR
A2 Az 717 $283%ha® ATl QA ke S7HSEAE SR Sk A @U57F SR A ke ¥
7 =g) 3t = 3% ‘&?*@Eﬁﬁloﬂ A3 YT VA= F9S
5

wihs OHLJ oleigt 71l P 145]7] %= ol f-2lve} 8

o o

|

a2 B8k A7} vk F3 A Qop)E et o
el o] A7 oW R] 71o37kAE 39 3,6009HEmW/ha/yrE At

Olr
-

Tz A WA) Beke] 1 el ARE g - 3
), &5 714 wEo] B ?JI—GEM AAx e GAstm g Skt
= OHL,E; Froln 7] B1ETh 27k e oAb w7 B4 SHHUEIA B s MES did o R omA T]7kAE
Zh a9, oM A, AmE T gy 2o s gewg,  8/FE AREIEE 0] (00D, ©] (200D, 4 T (2006)°] k. ©]
Ogsﬂﬂgx], =g AAdukx] 24 58 ojst BAow sgs  (Q0DE AE Aol f-euel Al oF 980EmMW/ha/yr
of Auem 4 - WYAYTHE] 5, 20D, o sped spe E IOIshr M= Ao W, o] SEoDel HEw
el @7 3k, A% stk et Adshr geg ¢ B SPAEAL 717 29000 EmW/ha/yr 0.2 e}
Ak QAR AN e e BRI e T B A sl e i 3vke S (009 9
= AeAle] T2k 7150l Bol lew Aejolch. wat Aoy A ST A V147N S SoRHmWha/yr 2 B7FSIA.
o] A2l vl H7k v o) So0opel Agket s

5

TREANYI Aol AR AR A5 AA Ao Al

083z FY5E STEA %7k WA Frhz qe  FOHEE W S Shpvhed b, dagekrel,

2 Ao ARe] 5 X0DFE 5 AFAA olgOpz o WESTAS tlaHel s s dbdshr A

TAEHAL Fie A Aow malth S Al Fobel sligeh, *S{%OHL ks
waba] =E 24 ST AEATE Anss Auas  JReH 2A9A Qs e Adsr R 2494 A
A&7bsatA ol 43 = e Amsh YA SO ge) o) ATl SET

Fet Aotk o] el H wg%ﬁ— ‘;1 Skt 19

F_L_u

ahal Qi ahra ARl 3 o weee Sy 2. 7Y
A A%TsE 082 98 T2 %HE@ I & 4 gl
(BA5, 2004 2005 2006, 2007; Ak, 2007). 2.1. oHX| 74

theFst ARSI AR E 2 T4 FHeE TEEta e s Odum (1983; 1996)-& A= 9] 7fatal Ao £ <17t
AEAL] dElE FYelA o]FolA = AR s Wst o wEHiEnt ohet SRS AAkskE B elA A
Al AZ= o] k. wpebA] e A e %‘4
o] 2 st ofE &

g o] Zlojsk FE7MA x4 QlE HPPHOR ouX
= 1 A4 (emergy) /NE& AAIEATE WA Adelx= 7Ex12 Bt

& g ovt Qlrt o] T (00D 39 ‘5’3‘*3:& oilgl e Foz gEtial AuUAE AMESt
VIS VA= F9S 2k a7 TR HAE s A= 8k 7EA] AMnlAayg ArkES wtes B A
9 (estuarine area) 0.2 J3FATE ©] T (2001; 2003 2004 T IPHOR ojm ARgH 3 FF{ o]g seE AuA”
2000), =8 o] (06 9] A EH S ol &It E = FYE™ (Odum, 1996), TGHEE emjoules AHESHE S
4 oS Frlsto] s EIAL BEIHES AlAISHAT Aol 7ML Q= oA WAL THx = AAl Fol e
o] A= sHAEAY HXE Brteta ol EdlE #E]  AA o7t okt o]2] gk AFlo] AR 7| 7HA] AREE YH

- 136 -



2E YA (energy memory)E Tgh gtoltt. o] A o]
oA FYNA AR UL JISiThE o] A4YS &
ABHA] 2 Ao)7] wiZo|tt A o] el & thE
FH ] MUAE Hwdb] A3l 7EoE AFgshE & FRe
o] &7Fs gt A= Bk efA ot} o] -9 oA & ¥
oFoll w1 #] (solar emergy)etil 3}, solar emjoules(sej)= ©+<]
2 ARSI,

Odum (1996 x| e] F/7F th=2H d& & F Qe 5
2 (%, energy quality)o] ThEral F3HHA, A& THE U
AE A w ©ed] uAFS gk <F "vks 18 Ax
SFQATE. ofol] whet o =] F7tel A= AR ohE S| AE vl
o 7|EoR A2 3 7] TR olE Jhsd AR |
A vHA fok ST EAIY HolAke S o2 B HkelY
A->AEERFIARSFTEEZIARORE 255 A A
o] B &t &, 9FE A= ’\]D*{V—*‘ HAF Y %
2 DA sk 2d78-S s A
AR ZFE qyA Zo] ¥ wria & 4 JUthOdum, 1996).

MEZ OE FFHRY AdUAZE AT e 4E T U F
o] zo] (F, oA A zpo))= 1‘42] 3T (transformity)
R = 1 Pt R e =) ] o I 2 B B e el o S B o=
oAX = A3 2 o FH oyA Y dAE, WA
5 o] Aol AL = A ouAFoR UF Fho=
(Odum, 1996), ©9]+= Alake] AFE3E 2159 w2} emjoules/),
emjoules/g, emjoules/$, emjoules/W =& o]&3sit} sl E)
A2l HolrtEol Xz HlFeldR], AEEFIE, TEEHIAE,
ARE ZATE AUAHEAETF AZI dA WA FrPgel
A= EH%kOﬂLiX]% 71 AR o] &3] wiell SR HEE
EE gy AHE = (solar transformity)2}al 3P, @Y=
solar emjoules per joule(sej/J)elt}. E7}alaral o] Al Ao
VX gt UARS TS F3td 1 Ao 7T e
Bl A S 8A =t

431, 3F

Joll 4 Holxize] g9l v

«

22. OIHX Frtmy

oA Brh= A Al WA PR e, 3 oA S
Brhdel AsR BEe wER olojn), A Al =
AE RAE olgate] olnix] BhEE wECh Al A B
oA oA FAAES ol gstel Brholgel B4 B

S oA 252 Anrat,

7h) oA A 28 Tolo] 1A

oflwj=x] 7kl A A DA FIFOt Al Gk
< "= oAt U A Ee] ofgA AdEo] Q=
2 dheksbr] s BEs vhETh o] & fd] ARgsE REd
ETE vl AIAE AEERQ] Howard T. Odume] 7jutst
o] ] E‘?i (energy systems language)®, ©] ¢1o]E o]
g3to] T BEs oUAAIAE tho]o] 13 (energy system

dlagram)O]E‘rI’_ FE2HOdum, 1983; 1994). oUA|A| ~Ell o]

L 55 on)Eo] YolHl 7|5 5S ol gate] Wl A 4w

o] oA =37}

g HEAD T2E ot A dllFs ZEE Stk
UAAAE] thojof s e WS Fig. 19 2] A
Tl EAlR URrel itk

[ Delineation of the system boundary

!

[ Identification of outside sources

-

-

[ Indentification of internal components J

[ Indentification of major flows

-

{ Connection of sources and components ]

Fig. 1. A procedure for the energy system diagramming
(Kang and Nam, 2003).

WP elmA Bk

o= H7kel F WAl A
olgato] olx WrhEE we wpgolrh. AFH
7] el Table 13 2k,

AN cholol 1S
ofl 3

Table 1. A typical format of the emergy evaluation table

Raw Solar

No | Items data | transformity Solar emergy Emvalue
J/vyr, . .
a/yr sei/], sei/g, | Raw dataxX | Solar emergy/

1 | Sun | sei/$, sej/W, Solar Emergy—money
$/yr
’ etc transformity ratio

W/yr

~No : olMA A4 HRE wATT] o T4 WE

— Ttems : B7}=2] HA

—Raw data : F7FHE9] AHAE AAbsh=d s A5 E,

ARbA o 2 A AUA J/yr), B4 (g/yr) B g4 $/yr &
= W/yne gox R

— Solar transformity : 7} 352 B gl A AL,

— Solar emergy : 72 koA 2, Raw data®} Solar

transformityS 3l 42 %
— Emvalue : EjFlH A S AR -SlH0]& 2 UsE 3k
th) o] x|

Al A GAl A= oA jé 7VRE o] gate] oA A
(emergy indices)& AALS} T

o] %
Aol A ARREE o] Aol
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@ Emvalue

Emvaluet AHAZS a2 vepd ghldl, ZF 59
il Alakst oA S vl AHE A sl &R r
o] Fgict. Emvalued] @9l 7kl ARS-sh slalek9lel whet
Emdollar Em$), Emwon EmW)= o] uebdity, Emvalues
ol Hx] 715 Faf Arke AASAH L ovx] 715 S|k
Z uHrolF o2 AFATA WS o]g-et 7157 Al v

wd = A sETh

@ ol oA AL (Emergy use per capita)

AN oHAAEZFE FrHld AAZE dd Bt ARE-sE
WA &S QTSR UF oz w7t mE A9 A5
< UEhdth dR1T oHA] AMgFo]l BETE LTl =
T AL oJulsit}t, A&eas Hep7] flste] dybdos
AHEERAL Sl A3 U1 HHE ST g Al oY
A AR Qe =TT o} AIgkAo] Y]|oshs

T Ege] W] St Ao 4RsES o

@ HHAG o x| AFE-(Emergy use per unit area)
s M A2 HIo A AAE dd B3t AL

2 AFEo B3 ARE AL Odum, 1996). =, &Y
F oA Ao HEE HASF FEr) Avka &

2 SR A oA ARSI
2kl A S Odum, 1996).

%0,
Auf
A
(L
12
o

2
o
f
kv

@ AN7rEY

AT5E82 F7AI AR AAEAE T AAso] F
F Q= AFEL, WA Bt = HQk, vk, e
9} o] 2%k
AR =T 2 AARA 5 AT Ao A7rEy F
7HAE o] Albsitt

A7Vl HA 71\E A8 (renewable  population
carrying capacity)<> B7Hld A7 dd FF ARSgE AA
Theoll A Al dlMAAEES et grolth Azl
o AAES 7Pdste] Axtske 7482 (developed
population carrying capacity)< A 7}soH A 7|4k Q=&
o] Ul Z Akttt o= Mxa AAL A QoA -]
sb oA 7} 9] AAdgFo] Tk dmA T A%
7] wlZo]thOdum, 1996).

T

_1

® ™A 3} 8] & (Emergy-money ratio, EMR)

w2 gun] & EMR)S wHolste S dmAEs JEhE
AR, dutd oz HrigPd AV dd et ARESE o]
FE FUHT AR thro] gtk A oellA Bizo] EMRS
oA S SR v 5 QIEE stk o]glA Fo =M
olm#] Frrazel AAEH FrrdaE vwd 5 A fck

EMR= 371thd A sha7t o 5= Sl olmA=, =
3l 2] oM 2]l E (emergy buying power of money)S UEF
WEHOdum, 1996). EMRO] 3207 & ko] sh 2 2 5= Qli=
WA, 5 AAAR] F(eal wealth)7} Wrhs 2 oJv] it
AntA o7 A7fd=7e] EMRS 71578 EMRET} U} =,
AT ] SR FiE = Sl olmAIFe] | B

® M AAFEH]E Emergy yield ratio, EYR)

B7HE AAA AL HE AL oWA(V)E AlAE
QR HE FQlste] Aatapg el £t AMAFE) O E iE
el M AAER & EYR)S 7M1 AA7E Askel $9S
YJaksh=dl dvhd G824 Jepdth Fdst Alstel 8-

AAreh=d QoA FQl3E o x| (M]g)o] W AJAE]
EYRO] W& A|2EE G847 Aol Hojx]= Al

ofghal & = itk

>

AN o

(@ 37 4-818]& (Environmental loading ratio, ELR)
8t I e A9 AL AA| S50l AASA ] vX = o

o}

TS A5 & ELR)S o] &-38te] etk ELRS 25|
A gt M2 E)eF WF-2] AAdtE o] Fast ANETE
AHA NS & AAEE 2 AW HARE o]
ghth, ELRo] 245 AA|Eso] A8l vjx]&= #4241
gko] At} Brown and Ulgiati(1997)+= ELRo] 3.t} o™
el digk JaFo] A2 AIARL 37109 ®HLAY Aol §
o )= ko] vlwd AX| ok AAH 10 Huh & ¢

= @7o] g Qo] 2 AAgOR TR,

0,

o X %] &4 %] = (Emergy sustainability index, ESI)

NHA X &G A= FrFE BA7E debt 2 & 7kseA]
yehl 7] 91ske] AltE 1tk Brown and Ulgiati, 1997). ESIE=
H7HPg AAL] AW AAER] S EYR)E #5318 (ELR)
2 e glolth oHAAEG A7 TS ARETFsolH
A o] ARg-Fo]l Wi, etellA f{lshs oM A|e] tigh &
7F Eow, ARS|AAEFe] A ux= FAA P
o] I @Brown and Ulgiati, 1997). Brown and Ulgiati (1997)+=
ES} 1R 22 A9 AX=E 234, 171030 B5&
MEd=3 AA, 108t & A9 AN ZAR R

o},

23. ot oM X HItS F7HE Y
o] ATelME FAstTe, AT, skl
AFA3 A 7 AL A Bl st olw ] Bt F3HA AAR

o] S @deo] 7+ st AR Altst BAE
St Fig. 2 Table 2). o] T Q0042 3t7-<19] sHF HAE

AxAetr] Aste] ABOAREA, AHF- o] &5, &
§54 5 olg3slen, k% A= 7x
FTEE e AY HA FxTID, FRE
AR5

SRR f3lshs BE Ao folow
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Fig. 2. Spatial boundaries for the emergy evaluation of
estuarine areas of Yeongsan River, Seomjin River, and
Han River in Korea(Lee et al., 2004).

Table 2. Areal extent for the emergy evaluation of estuarine
areas of Yeongsan River, Seomjin River, and Han
River in Korea(lLee et al., 2004)

Estuarine arca Total Water area | Land area
(k) () ()

Yeongsan River 1,528.0 120.6 1,407.4

Seomjin River 1,171.6 195.7 975.9

Han River 4,407.2 790.0 3,617.2

9] ol 7t
128 ARE TPIR BAAR, AQT 2AF BN 3
# =B g olgdgon, Wt FARE ABEOE 19
t}

3. i & u#

31. 579 2Y ¥ ojHX HIE

Garehel, ek, s Telel A8 A
ol i@ olvix) BAAE s S8kl Fig. 39 & o
UAA2E tolol 1alg ATk ST o] ol
ABBABES P AU Qe 27 sHree] A
ol AgE oA sk (@15 W Fv9) thE Aol
& ARSI Tk AUAR Lhro] AXST o] %
AgAol AT SIUAL A B, Hiet, B, S, 24,
shash g PSS Uite] nAAee) 2ok 3R
A9 St ge APEFsIUAR TR,

’@

Fig. 3. Energy systems diagram for the emergy evaluation of
the estuarine areas of Yeongsan River, Seomjin River,

and Han River in Korea.

32. 7%l oMK e 54
Fig. 3% ol83to] 7 8799 oA BAES Y% o
STelel oA H4E serel] giste] olulx it

KN
A=}
& Table 37 o] okt

Table 3. Emergy indices for the estuarine areas of Yeongsan

River, Semjin River and Han River in Korea in 2003

Yeongsan| Seomjin | Han

gy indices River River River Korea
Renewable sources(sej/yr) | 210307 | 4312107 | 1.72X107 | 1.08 407
Nonrenewable sources within | 5 (9|1 7,901 | 6,84:90" | 177500

the system(sej/yr)
Imported sources(sej/yr)

2509107 | 2.099107 | 216407 | 1.2240*

Total emergy inflow(sej/yr) |2.71>107 | 214107 | 2.33 107 | 1.51>10*
Fraction of emergy derived 0,079 0,020 0074 0189
from home sources
Fraction of renewable sources | 0.077 0.020 0.074 0.072
Fraction of imported sources | 0921 0.980 0.926 0.811

Emergy use per unit |4 g3 081 519390 | 645590" | 1.51>90°

area(sej/ m)
Emergy use per 13840 | 1.0910" | 1.04 40" | 31540
capita(sej/capita)
Renewable population carrying
. 24000 4800 | 870300 | 3440800
capacity(people)
Developed population carrying| 190300 | 3100 | 6962300 | 27526000
capacity(people)
Emergy-money ratio(sej/W) | 492>10° | 5.07>40" | 253>40° | 2.0810°
Environmental loading ratio | 11.91 48.59 12.55 1293
Emergy yield ratio 1.09 1.02 1.08 123
Emergy sustainability index 0.09 0.02 0.09 0.10
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B srdoR FYshs AW sHA TS A
o] g}steflx], ZAMeUA|, ke geteuA], f7]EdedY
A, AR F Hate] T3t ﬂ%ok uhe, 7392
UA|, 92 geeux], su 25 HuAE Ve R
3h7] Wil o oA E s voks AL FHANE 2
dalA At webd ol rked 7P B oA E T
739-2] geofuA ks A sl WA fdEE] Altel o
g3l

FAE ez ks FelHAFe JAeTA
o] 271X10% sej/yr, AR 787-9J0] 214X107 sej/yr, S8t
olo] 233X107 sej/yr, sF7ele] WAo] g y& sl
Aol o= FdFo] 7 Wokth(Table 3). 3F7 ] W o
2y e (4,407.2m)0)  GAFE (1,528km) Hek 2.88
v o WA, oA B 860 el o 28Tk g JAb
et o] ARAeA (1,171.6am) 2] WA R T 1.304)
g QAN oA FlEe AR} o] Attty
goul o wgtth o= Syt AA7E AEe Fde 9l
AR e e S S e e o M R S e R o B e R
AR 7L Qs AARIAET o] AAVEES vk shs Flo]

lo
>

.—“~ td rlr

Bk shrelow felshs FelmAgeln srelsl A
Agk7o] AF e oA A s A 9} AR oA o]
W7k A NFE ST FAAYES el Hx
b ek GRS B srele] 4@l AFshe
oA e Follm A G 9%, HAASTAE 20%, o
BT TA%) B3Hstol, BN 470 AR e
oFF e o ehgth 2, Bk shrolel AlsgAR
B o sTee] gneld Foie oAE Jwow ol
ol 3 gtk 53] AelA] BArsl Aol ohlel 913e]
Aol tiE olEshe APAYS A faeae] gl AR
etrelo] AARYEE the T shrele] nlal 440 sk
ol ke A9 1897RT A FE Row, P uh
Ago] ob AL thitn Sree FHOE olFeiqa gt
et AAIS B4 wgwh srele APRFsRA
£9F 0 FEAo] Flolshs k= Al 3] B 1% viwke,
2 ok vlvlsheiek,

A sl A hedE B e 7]
shel, MRS, BsTolel B4 sl Al BT
o BF A9 Bzt b B S sl 3
TR AN SH1e] kst A 7L Ashe
Nge el A% ms%, Aadsrele A¢

82.0%, B7eTole) 79 495% % VEkse), B e el

(<0
N
]11

A

l = AAF

o7 fFste shdel E3E o] e F71EAE oy, 1A

st A B, 9, Axdol 7 ekl Al
Sk oAz %*& 733 Hmﬂ 65.7%, AX7deHTS 84.4%,
ol 5L0%%, Frot a7t wht A== s e Al
a3t gawX oP&J %ﬁ*é—g Bl QlthFig. 4). FAt
st at AxAdehre o] A -2 Shstellix7E S A

ol ofN o off

A, Z2V2F 18.8%, 9.4%F #FA]8k3]

2 g2 RS FEIIIET
M 2 HAT) 422%2 FHAR

o, e adel Tl A
e AT soE A TR,

Yeongsan River Seomjin River Han River

SORzin MTide DRiver

Fig. 4. Relative composition of renewable emergy sources for
the estuarine areas of Yeongsan River, Seomjin River,
and Han River in Korea in 2003.

aF-9 2] o] Frof|A] It o] (9] =rollA] st el 9}
vzt ok A oellx] ]let ellmH o] H7F Fred et
Ao {FUsHs oA RS A8, JAsH
L 921%, AL 980%, TS 926% %
Bl o tiit R shdS Egsta Qi s o] ] #b
A7} oo RE FYYet Agtel fojo] HJFohs ¢
AAGF FHo7 75sta k= AL JUWE}. LI
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Fig. 5. Environmental loading ratio and emergy sustainability
index for the estuarine areas of Yeongsan River,
Seomjin River, and Han River in Korea in 2003.

Seluet A BATE &L 12030 %, A&

&2 o]
105t & Afolle Aol tgt Jago] E ALFHOE 23t
Brown and Ulgiati(1997)ef] wt2 o|n] A &-5o] g7l v
A= FEFol AEs] = Aoty & T &0l =7t Bt
Hoh A=A velbd AR s

Q= Aoz et

AVAA & e 7k §
AR A 5= Jardslrodat §7
el 002%, Al a1 BE o wx] #A 9

Fal+od 009, Ax

A%go) ob

A yebdtl Al st BE $ivel 3301050 A%
7Feidel o wertt. @abdelated, AxAsY, sy

Bt oYz} -2yt ﬁxﬂc Brown and Ulgiati 1997)2] £
o wEw HAX=IY Lu|AEAC sldskAT, T 7]50]

ESI=lolgh= As nfshttd A&7k do] dAs] v AH
2kar 8 4 Qi)

3.4. 5t7*9 9 Emvalue

B7ENE shel o] AR (AR el gR)ol 7t sk
o 9] BA—gl A1 Algshs A7 A7 b oA A
AE7Fs A Gardsitelel 12 2669 EmW, H27dst
Tejo] 2 7779 EmW, Sdslrrelo] 8% 30679 EmWo. =

etk o]elg lel7b AAAA) el ZgEA o
= elet, elulA) AEE AR SeirkA s Qlght

ol Joi7 A oUAE TE
A sz AlEol7] W] Aol
|

spl = AbgSl] A Brheta
Ao AR Al 7|od7kx] Hrt

7t Vst o5 WS A ()02 Vel GAEET
ofo] Aol Aoe] AAle] Jelaht AR A7k 7208

Em¥/ha/yr, AR78H1+4-S A7F 21295 EmW/ha/yr, 343}
T AZF 22069 EmW/ha/yro 2, 335 1do] 7 =3k
t}h ol sl o f]lehs sk Rl 7P B At
Vg 2 s o] Aol AL Sl A7 FHA

2e 2 RojFy o} 29 eloux| g AR 7} 3

Folow feleks £ A Fselu Aol 7] W] ofnA3
71e] W91E shrele] fodow Faeitid ke MA T s)ois)

A& olwt) B4 A Ao ddd) Jardelte, A%
afel, el ApidAo] Y)ojaks HAE fEviet
A B+t (3735 EmW/ha/yr)Eet 1 o} A e Al Q] ALs)
BAA TS Wdste FoE Helth

el ow Al FYe FelHA (WAl
AN BTl WA 2] o o2 7F A Aol 7] %
7 A= ok 13% EmW, AR 738799l A-$ 103% EmW, 37
ahrel o] A9 112% EmWoll o]23ith ol5 @i d g ha) o
= @akehd, GAdeto 2 92567 EmW/ha/yr, A X738k
o2 102 5169k EmWr/ha/yr, et 39 92wk
EmW/ha/yroll sidstoict. whebx] dAje] shdoizdst AA+

Zo A ARAE o] Seluet A AAle] T)elels 1)
Yol g o o= AT 4 Yk
4.4 B

GRS T, ARAE T, B Tele] A8 A
AATE et onlA Brls o ehalo] fshs 844
=43l 9 Aele] AFAABE FHOE A5t AAZ
=4 5 o)5 gl A4S 2 HolFAT.

7 srelon §shs 8 AR e s, 24,

4% Bolgleh. Tt 0% AWIsANATY A SHrele] A
A oA Gl AATHE HEE 8% PIREo R ofF A
olek. o]l ulsl shrele] eipelAl skl iAol )
SR ol Ae] MleS 927 g% oS ARSI,
SARAG NG, ATFEH, BASHE, oA
A&YAG E Thepet ouiA A5k @Al Fadsrel, A
27, WA SR Sl ASAALT A

EA4o] o}F Ytk A& HAFIh Al o] RS
7t el o] ApA@ 9 Abgo] AR 4 9,1 A=

24 2ok Qi RO vhehde.
declow gl Hiu, 2 el e wehe
off Wgslof Gk, 1 A} GAgshTel, HRsHT, B
T A ofolx] BN weE o o
G715 ek,

o= AAgA el Tt g

Ji
N
Mo
S
o
il

3 A, 25 wﬁxﬂ% & YglgErs, Bl v
= qrol 414l visken, olol ek A0 ok Al Bk
SISIEk, eI oIS A vt 2ol 5 A ok 8
A8 FBARTAY SN e Zalg) 7
A 3 A Rahedr] Bl

FEAsTAe M F7h W9 ol
QoD NG e P og&z}ow%ﬂ, MRz,
WS fARE AT e el

- 142 -



FratT, AR7EY, GEAskT o Aol 5
g AAe 71odsl= 7FXE 7297 22069 EmW/ha/yro 2 =
Al B7 EATE o= SEvet MA| Frrot 28) ol w2 A
], ] xAEo] A A e AEEAE TS
gred sttt olgjgt k9 Ao 2R oA FxE
fste] skt SElvet AAEE Y FAAR Vst &
I it

wEbA] Zh shrele] TR A Qle ARAOAAA A
sA S 3Es) 9% e Ao YA o] A

Fetcha & 5 glek ol ol W AA WEe] 98, skl
AAFEE S DT oSN 5 el el mAs
$AH 9% Fol7] 9% Soxd S A% e A
BAle) B9, AFYEA 24 5 AUAY P29 15S 9
Bato] 217} ol 8% Gk ATA AMAE FAAIE B
i 54 5ok wgen %x 27k Yk o) 7y

Vol a5l £
QAN S5
o AAZ Fo S ren %%ME Axe

_uUNm

PN
T U=

e o) Fa8S AE FHIANARE
3}ak A7) Qvh

o] = 20059 AR @EAAAA) ] Ao F
825D Ad (KRE-2006-AF = —HA i §) 2 A
= Ao =g P AErAT o] FH
Fest sbef weele] Ao =gl

ot

=
Fog
X
4
N

b

il

Mo
re

(1] i, $832003), 1A g
o] kX7t A EE el dsdabidd, po 111
21 oA, G5, o] AR Q2006), At .

A A 711 9] el A] F7F 9l A 84 G 7kete] v,

7
shor3hg 78hs] X, Al15d, pp. 243-252.

Bl =W, o]&3] (2000, A&7 skt el I,
p. 211

4 =W, o3 (2000, A&7 skt el M2
p. 170

Bl =W, o3 (2000, A&7 skt el 113
p. 315.

6] <, A&m) @000, S st Ae|IEAE= 7}

AE=pAR e IO AR | ﬂ—?_ AT p. 125,

(7] o] R200D), ek FHER7NEARI el gt €73 3],
FASEE] =23, 2001

8] 0173], ZdriA,

=
S ol %Z‘%‘f%‘%ﬂ“&‘{ Od:rL, p. 349.

O o3|, =&, xH3E, FdF, A4, 547003, 3t
7o R A=k 9 SRt Y - et
TS TAO=E, p. 236,

[10] o1%3], $ds, A3, A3, =95, a5 A9t
A, WA, oA, kHE, A, A8, HAxl

1] o133, W5, BAY, HAE, wuE, we)E, ol
BAF, 997, 340, 2%

£7Fs g sk el I

[12] BA% @004, st=ZF AR, p. 924

(18] 3 FFAH-(2007), 3F-% 7153 7HA] B7F AR AL

[14] (2000, 2004 379 AYEjA FU2AYE p. 894,

[15] (2006), 2005 379 AYElA FUEAY p. 547.

[16] (2006), 2006 379 AYElA AL p. 479,

[17] (2007), 3k+2] AAZ #=E 21 PAE vk A
=" p. 413.

[18] Brown, M.T. and S. Ulgiati(1997), Emergy-based indices
and ratios to evaluate sustainability: monitoring economies

rlo ot o r\O\'
HJr e -z —111

+
+
+
g

and technology toward environmentally sound innovation,

Ecological Engineering, 9, pp. 51-69.

Costanza, R., R. d'Arge, R. de Groot, S. Farber, M.

Grasso, B. Hannon, 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 ecosystem services

and natural capital, Nature, 387, pp. 253—260.

[20] Odum, H.T.(1983), Systems Ecology, Wiley, New York.

p. 644.

Odum, H.T.(1994),

University Press of Colorado, Niwot. p. 644

[22] Odum, H.T.(1996), Envrionmental Accounting. Emergy
and Environmental Decision Making, John Wiley &
Sons, New York. p. 370.

[19]

[21] Ecological and General Systems,

ey L 2008d 038 14
A 1 2008d 062 104
AR 2008 06€ 24Y

— 143 -



