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EMERGY Analysis of Korean Fisheries

Ji-Ho SOHN, Sung-Kyo SHIN, Eun-ll CHO and Suk-Mo LEE
Department of Environmental Engineering, Pukyong National University, Pusan 608-737, Korea

Fisheries products have to be produced and maintained by work processes from the environment,
sometimes helped by people. In Korean fisheries both environmental production and its economic use
are included within the windows of system approach. EMERGY is the sum of all inputs expressed as
one form of solar energy required directly and indirectly to make a product. Calculating EMERGY flows
into Korean fisheries evaluates the real wealth contributed by environmental production and its
economic use. Several indices calculated from EMERGY analysis table and a three-arm diagram give
perspective on the type and efficiency of the environmental uses. Net EMERGY yield ratio is a measure
of its net contribution to the economy beyond its own operation. For adjacent waters fisheries in Korea,
the net contribution to the economy is 11.85 or higher, which is a stimulus to the economy that is able
to purchase it. EMERGY investment ratio measures the intensity of the economic development and the
loading of the environment. The ratio for Korean fisheries as a whole is 0.50, for the adjacent waters
fisheries 0.09 and for the shallow-sea cultures 1.28, which is lower than the same index for the industry
of the developed country (7.0). The component of environment drawn into production are large
compared to purchased investment in Korean fisheries. Much more EMERGY is contained in fisheries
products than in the paid services used to process the products. The EMERGY exchange ratio for
Korean fisheries as a whole is 6.98, for the adjacent waters fisheries is 10.69 and for the shallow-sea
cultures is 1.25. Using market values to evaluate wealth of environment resources is found to be many
times too small. Money is paid only to people for their contribution, and never to the environment for
its contribution. Macroeconomic value is the appropriate measure for discussing large-scale
considerations of an economy, including environment and human goods & services.

Key words : Korean fisheries, system approach, EMERGY, yield ratio, investment ratio, macroeconomic
value

A 2 g AAsn ov (FA%, 1992), £&9L2 92d)
159 18009 2HE F5E2F9Y 2% & AAdn

9] ZAANEA o] FYPsE FFo2 F34
T B¢ AAC oA 13 el AA= Age
AgHoz AUt 196195 TUF AL A 47,
1% (19759 B8714718)8 AA4E FPFadd
(90% ool Fh)& AdTx9 1Tse wat 92
WUrds 81% (90d% 47187182 $4HA1,
o]F dwtsHolq, WA, FTHE ETES
FAYGL FNEAL (90EE BHE7IE) ) 185%

689

AE AR (F=5413], 1992), =9 197 @92
anjEe) QoM o 45% 7 FAHEY o8 FFEH
i glol o F2Aol AJYEHL Yrt

FAYE dA Ao 493 g FFAY AEFY
9, 284 g7 riF, gl 98 §A=2
2H 4497 SdgEA £9 59 49874 (Natural
environment) o] 71& & Yz Aitztel 4 FFA,
2z 4F 9A AES Yol 43A - 474 (Biological



b

production)& E#F AF#H A &% (Environ-
mental production) 19 =537, ofd 11 o
Yo FHE 5 oY 57 22 FAAFY &
Fol A%E A2"olt}, g}, Ad#He &S
A4 8EA] B3ta o GYAIEY Foie 9 4
o #AoZ sty Aty Aee ALY
AAGES 28 HY o YEFLE B ¢
9 BT olgFo] 1970190 50% FF} HEX
A3, G =G o F FA] 19749 Hugs Y
B o]F2 1970 Ui} 19803 E AXEAM A&
A& e FAE Yz o (543,
1992), ¥Aolde ZA$e ¥ 7t FYolA A7
Zvo 23 o Aoz A% of A2 9] otzlel ut
AAQ Fgds), Az, AT AEREAL 5
oz s, M 49 A3ls zYstu gth
3, 9Foldy Agole F9 AYRSF Ad=E
Y AR5 s AY 73 A FHo02 FIY
o 24l AgEE A2 Jon, AEF HAH ¥
£33 RS 84XAE 4R el A g g
FAREo] FYHL o], FFFAAY Bfo AA
B4 &59 98¢ AAHY €57 A J9gF
oo T Yot

AAERHR AAGTE 3t A2EAA gt}
e A28 F24Y (System approach) S eI g
7128 A7 AE (Odum, 1988; Mitch and Jorgensen,
1989)) 98 FYPdojey e, Odume 19623
ojFZ oA 3z dojE A AzHy £4,
A 2|3 A EFH oM o] &3 21 glan, oA
A% 729 NE2L HE9 TransformityS} shte
A" AG8F S AALE S FYTF A A
ol Yoy Uehl& EMERGYE ol &3ld] &
A, 99 22 F£4399 7dg, & =7t A A
qd&8RFH ZFAGFY EA, I FHd A
EMERGY ZWolM9 £ H7F(1988)5 & 392
™, Mitch and Jorgensen (1989)& A9 #A 7 H A&
Fol @7 o]5o] He A2Y FE2 YAdste 4
e} 38} (Ecological engineering or Ecotechnology) 3
A7 FHNALR Yok FUelM= Lee and
Odum (1994)¢] EMERGY ¥49< 53 @39
A8A4T AALT S FUY Aladog sefdtE e
Ad7E FRH

Az - AHL -

By
rlo
e
s
X
ta

2 A7e ¥ AAAA 849 gt 2 14
A4 Akedel EMERGY £4%-2 &3t Ad
B4 BALE I 48 72E e AA

A

o9

g

=2
=
Z5

2 e

%
1 shetata, Aol ol AAVHH 299
7 7

58 W, 444 AAAD AALE
S siobay) 918 4% EMERGY AXE 443
A 33

_

STt

=13 =}
(=4 =

1. EMERGY 0|22| £¢

AT A2 4L vAe 3F A g
duix, vt ¥, 24, gx 3, A 4%, A7)
Fol EFdtHog Ao £ 49 JUAE 7t
Ax Juds AAFor 98 & £ e $dde
Aol7k Qo o= ke AF JUAZRE £
o 17 dUAZ AFHE AT £FHAAH o, 7}
quAdel A% FRALE XNZE g JduyA A%
DAl YA 7] WFoltt o] Ao]E A
c8HA glo] 4FEQ HYAIAE V&= &
Y AT Hrshs) YA, A4 92 e o
HA o] stgofA7|74A] 2 - P Ho s ARE
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ENERGY PATHWAY - a tlow of energy often with a flow of
materlals.

ENERGY SOURCE - energy which accompanles each of the
resources used by the ecosystems such as sun, winds, tidal
exchanges, waves on the beaches, ralns, seeds brought In by
wind and birds.

STORAGE TANK - a place where energy is stored. Examples are
resources such as forest blomass, soil, organic matter,
groundwater, and sands In beach dunes.

HEAT SINK - energy that Is dispersed and no longer usable, such
as the energy In sunlight after It Is used in photosynthesls, or the
metabollc heat passing out of animals. Heat sinks are attached to
storage tanks, Interactions, producers, consumers and switching
symbols.

INTERACTION - process which combines ditferent types of
energy flows or flows of materlals.

PRODUCER - unit which makes products from energy and raw
materials, such as trees, grass, crops or factorles.

CONSUMER - unit that uses the products from producers, like
Insects, cattle, micro-organisms, humans and clties.

TRANSACTION - business exchange of money for energy,
materials or services.

SWITCH - process which turns on and oft, such as starting and
stopping fire, pollination of flowers, and closing of fishing
season.

BOX - miscellaneous symbol for subsystems such as soll
subsystems In a diagram of a forest, or a fishing business In a
dlagram of an estuary.
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Fig. 1. Symbols of the energy circuit language.
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4. EMERGY 4% =M

FA Al2"e Fg oA YE EMERGYS
Transformity 71'@el & 593 /1A Fx2 H7}
3t7] 98]A Table 13 22 589 EMERGY #A4E

g TET

Table 1. Tabular format for EMERGY analysis

L2289 o]4R

189 = A Y FEE Transformityd] F7} &
o2 7148k, 2¥dle= Table 29 AEE wigog
Odum (1994)°] A& oA AdAe] thgste]
energy 32 dollars 59 @92 A A4
Aae g 4o IEHE 19929 4F 2
8E 048Utk 399 Transformity= Odum (1994)
of AN @& AtgatHen, dFAYER £YF
FEE AFIEH YT AAGHANA Ji3H 5
&0l 7FA= Transformity 3¢ 1.60X10°sej/j2 A
€392 (Brown et al, 1993), A3st9} 892 3}y
€ EMERGYZ %3} Y] (Ratio emergy to dollar
within the country)?] 156X10"sej/$ (Lee and
Odum, 1994) & A}&-3Ath. 489 EMERGY: 29 %
399 Fo2 Adsgon, 589 Em$e & %77t
A8 A A EMERGY %o tla] 441 2oy
Qo] A8 HEE GNPY F3ho] Adalct

5. EMERGY X% X4

g A2ES 2 A2EH vasta, 548 g
otal7] fEA Al2He 2AE (R uAY, At
2, 2R, AFa)E AA8EHA 9 (environ-
mental inputs) % ZAAA &5 JF F9 (purcha-
sed inputs) &2 EFIL o|E o2 aord 3§
Bo oA thojoja@ & F/dste] EMERGY indi-
ces (Net EMERGY yield ratio, EMERGY investment
ratio, EMERGY exchange ratio, Macroeconomic value)
€ AAtat

Ty A2de] dd Aoz A g H
7}et7] 913k Net EMERGY yield ratio® F4tgle &
HH A EMERGY 4& F ZAN #49ez
59 (Feed back)® EMERGYS %oz UF HZ
T8}, EMERGY investment ratio= ZAE%E §
gtod 9]¢ EMERGYS ol &% #7499 EME-
RGYSHe] vl e, $Ae] Ad8F 0] ZA

Data & Unit Solar Solar Macroeconomic
Item ala & Lni's Transformity EMERGY value, Em$
LGor$ - X
A sej/unit sej/yr $/yr

(one line here for each source, process

or storage of Korean fisheries)
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Table 2. Data for calculating energy flows of environmental and purchased inputs

Input source Item (unit)

Reference

Sun

Wind Eddy diffusion coefficient
(m?*/m/sec)
Wind gradient (m/sec/m)

Rain Rainfall (mm/yr)
DS (mg/l)

River Volume fiow (E10 m®/yr)
DS (mg/D)

Tides Area elevated (m?
Height (m)

Waves Shore length {m)
Height (m)

Fuel Fuel used (bbD)

Distant Waters  Fish catches (ton)
Fisheries

Imported Fisheries
Product
Goods & Services

Imported fisheries product
(ton)

Fisheries management
expenditure (won)
Number of household
Exchange rates of won

to U.S. dollar

Average of insolation (MJ/m?/yr) Korea Meteorological Administration, 1992

Korea Meteorological Administration, 1992

Odum, H.T, 1994

Korea Meteorological Administration, 1992
Huh, C.G, 1984

Ministry of Environment, 1992

Ministry of Environment, 1992

Lee, S. H., 1992

Office of Hydrographic Affirs, 1992

Lee, S. M,, 1994

Lee, S. H, 1992

Korea Energy and Economics Institute, 1993
Ministry of Agriculture, Forestry &
Fisheries, 1993

The Fisheries Association of Korea, 1992

The Fisheries Association of Korea, 1992

The Fisheries Association of Korea, 1992
The Bank of Korea, 1994

A BAEF FAl AARA HEte o= £
02 BAFQ Mol h5drtE AAsed ol &d
t}, EMERGY exchange ratiox 9% A2%3e A
A& B3l A2H WA ol 2go] A|2H ¢
22 ool ugE w LA3}= EMERGYS 31# 9]
Fzug He] 23 T3}, Macroeconomic values
@ Z7F AA7 AL EMERGY %ol diste] 4%
ol 719 EMERGY %] AAd= vl&g GNP
Bt A, o= Qe AAEFH AHHA
AU he] HAE FUT HAmolA AA BAF
ste o @9 (Em$)2 TEE Aolch

Aol Fdste AQ8AHA SF5H AT
85¢ AduA =3 (Fig 208 53 49uy
dutsHo g, A I 1Y FFHE £
& FF A A2 e dyAgde e 44
gro] Ao RE gFAUAE AFoz 714l
Mg A 2en $4o2NEH fdHE A
o 2 AAZRANM AT AN 4 Ag,
AFA Y E, FAFAE 2L AS §97% £
AAH EFA 719§ Aol 9k

oleigk 9F JUAAY YT FUYFE AHEY
(Table 3), A& & YA Y FollA] B Yol
HA FAFS 1615X10° J/yrE AHFHRA L, vpgol
A% EFAA FYFL 515X107 Jfyr, BEFF 1,
1127 mm/yrd) Hl9] 387 oA FYFS 201X
10® J/yr2 AR HAT (C143, 1992). A5 H5% o
F& Fd8e 240U FAFL 289X107 J/yrA

2
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Fig. 2. Energy diagram of Korean fisheries (D.W.F.=Distant water fisheries).

Table 3. Energy flow in the Korean fisheries.

Sources AcJtu(a)llr er};lrrgy Solars e’jr/rjar(l)s;formity So%goEi\gJI}Z}I}rGY EIEZISIJ&;
Direct sun 16.15 E20 1 16.15 0.85
Wind 515 E17 1496 7.70 041
Rain 201 E18 7435 149.44 7.89
Tide 2.89 E17 16842 48.67 2.57
Waves 203 E17 30550 62.02 3.28
River 344 E17 48459 166.70 881
Fuel used 593 E16 66000 39.14 207
Distant waters fisheries 642 E15 1.60 E06 102.72 543
Imported fishery product 206 E15 1.60 E06 32.96 1.74
Goods & services 586 E8 § 156 E12 9.14 048

(sej/$)

on, % ofuixE 203X107J/yro] FYHE Ao
2 ey 3d f& 3] 697X10° myr (B4,
1993)°] XL Gibbs free energy”} 4.940 J/gQ} &Hdel 9
3 slehA o) F9FE 344X107 Jyr At
AAF JUA Y FoAA ojZoidd ARE Af9
& 19929 Zol A AHE AR IAF9] 226%
Q] 7.993X10°bbl, FA7FE UL 041% Q) 1451X10°
bbl®l A {7t ARE o] dAdgd 71T qiA &
AL 593X10°)/yrAch 4G JYEL dUF e

ALAZE Yo B2 ZATFA A2 FH AT
A 59 dRYE BFPE E7slny BYESYY
THEY BAFUS JIAEEAD & Ao AR
ojgde] 3322 199195 9] 873,465 ton E T} 150,461
ton (2F17%) 0] 713+ 1,023,926 ton®] AJ4+E o] o] 2
A% A FUBFS 642X10% J/yrgeh £ 4
£ 2% 328012ton°] FYH oA FHFL
2 #astd 206X 10° Jyrol Atk @7hFE o2
e AYvle 19929 FYBEY 3421X10°9 T
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FAME 3489X10°910] AHEEH AL, F4 7HEAY] A
FHl e 466X10°d ] Act,

3D FA4Y9 ALY W AR, v AT
xR Yol FuaLsted HgE Yuts)
Holdl A4t (130X10°ton) T A YA AAeF
(9.35X10° ton), DI AAA A Ho & FIE (L.
02X 10%ton) & L FAHE (4.10X10° ton) ©] 4= o
Az" YR BAAEQ £a7bEAS F5US &
A 2.33X10°ton FUOlA AH|7L o] FOjA AL 1.
30X10°tone F&F L JUct,

2. EMERGY 2M9| Zn}

FapA AA A 2de fdEE gF AvAd
9 A FdFd Transformity® F3td &
EMERGY %& A#HEW (Table 3, Fig. 3a), EME-
RGYS AA FUFE 634.64X107sej/yrol 1, ©15
gk A= AX EMERGYS 254%, whe 121%,
HE 2355%, 2AL 767%, BT 977%, &
2627%, A& 6.17%, FIYEL 1619%, THFA
& 519% 23 A £9L 1.4% 8 Jehyx
0], AL AY FeMe vle A 7jqdE7}
2 ¥ S A8 Atk AAH QA FAME
Aol g9 g2xrt & N2¥E 548 Ve
Ael, A9 ey AAFGAEIL FA s =
A3 odEE A& A%ole A4 EMERGY 9
Fo a7t 438,

dutefdoiglel 9l EMERGY 44 A EH (Ta-
ble 4, Fig. 3b), EMERGYS] A FYHFL 476.92%
10” sej/yrol 2, o]F %o iA&= AA EMERGYS

EMERGY #4

(a) G. &S. (1.4%)

DW.F. (16.2%)

imports (5.2%) ¢ 2

Fuel (6.2%)

River (26.3%)

(b)

River (34.9%)

Wave (13.0%)

River (3.3%)
D —Rain (2.9%)

Wave (2.0%) Tide (36.6%)

Fig. 3. Distribution of EMERGY in the Korean fi-
sheries (a), in the adjacent waters fishe-
ries (b) and in the shallow-sea cultures

(¢).

338%, vlEE 161%, HE 3124%, AL 9.04%,
FEE 130%, 3HHLS 3485%, A8 576%, 1Y
Astet £9L& 112% 5 UYER T of, AHdi A&
FoAME H9 A JEEI & AFE Boln 9]
o, AAH dUAY FoAe A7 JgERI &

Table 4. Energy flow in the adjacent waters fisheries

Sources AcJtu(z)li §$r}§:’£gy SolarS e}‘/jar(l)iformity SO%EOEgng}:}IiGY Eéré$
Direct sun 16.11 E20 1 16.11 0.85
Wind 513 E17 1496 7.67 041
Rain 20.04 E17 7435 149.00 7.87
Tide 256 E17 16842 43.10 2.28
Waves 2.02 E17 30550 62.02 328
River 343 E17 48459 166.21 8.78
Fuel used 4.16 E16 66000 2746 145
Goods & services 343 E8 § 156 E12 535 0.28

(sej/$)
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Table 5. Energy flow in the shallow-sea cultures

Sources Ac}ugl %r};igy SolarS e’}[/ﬁar(l)iformity SOII%ESE;VteI}:}l}I‘GY EPI:I}7$
Direct sun 485 E18 1 485 0.26
Wind 154 E15 1496 2.30 0.12
Rain 6.03 E15 7435 4483 2.37
Tide 331 E16 16842 55747 29.45
Waves 1.02 E15 30550 31.16 1.65
River 1.03 E15 48459 4991 2.64
Fuel used 860 E15 66000 567.60 29.98
Goods & services 171 E8 § 156 E12 266.76 14.09

(sej/$)

Al2d3 £E4& vepfa 9l

A FA Y2 4% (Table 5 Fig. 3c)ol EMERGYY
HA FYFL 1525X107 sejfyrol 2, o]F B Yo
A& AA EMERGYS 032%, vtEe 0.15%, Hl& 2.
04%, ZAL 3656%, HEE 2.04%, AL 327%,
¥E 3722%, 22 ASe §9& 1749%F e
Wi 9o, AdeiA Y FoNE 24 23 gy
Aol ojEmrt & AL Holxw glon, A
qUAY FllMEe A8 gEEI & A29F &
A Ve 9ok

U FHFagaA FY9de i de EME-
RGY #E& Y, v, ¥, 24, g5 24§ 4&4
quUAALZ 2R3, 98, Y59 A& o3
A zQQo] o] Fo|R e YUY YE, FUFAE, oY
Zgol A E At §98 FAHA Auxgez
B3t JehRE Table 6 2 Fig. 4%+ 2t} s ol
U ot 714 Alzdol ] AFE v, v, 33 oy
Ae AP0 gF AuA A 7dsger

Table 6. Summary flows for Korean fisheries

2 AT QA W FAF AY A2" (371 =
A, #9) & sotd W= 0% 444 (Double counting)
o QFE ANVl HE H (Odum, 1983) 0.2 714
2 9 A s Afedsin 7)o g3t g
F9 Q" A AFE =4 A A2 9
Foll A Dete SAZFH FYHE 2EY JUAE
et 4&A4 duAdez FF3H.

F A AA Y A ), A 2 2A Y
AE FE FEA4Y olUAAL 36481 X107 sejfyr,
LFAY, FHFAE, 3PdE 21 A &9
of o U de T FAFA A DL 18396
X107 sej/yrol Act. dxtaiH oY A4 v, 344 1
g3 24duAE F 9249 JuALe 35831
X107 sej/yr, &g 23 A5 &0 o o
UAAS #3 ZAAHYA AqUAAL 32.81X10% sej/
yrol Atk A FA 9 B v, A 28 2Hd
HAE e 9549 AUALE 621X10° sejfyr,
}MAE 2l A &9 g JUALdS F

E{l.
A

Numerical value

Iﬁ?gﬁg 12 ftem Korean  Adjacent waters Shallow-sea
fisheries fisheries cultures
R Renewable sources used (rain, tide, etc.), sej/y 364.81 E20 35831 E20 6.52 E20
D Distant waters fisheries sej/y 102.72 E20 - -
M Imported fisheries product sej/y 32.96 E20 - -
F Fuel used, sej/y . 39.14 E20 2746 E20 5.68 E20
PI  Goods and services, sej/y 9.14 E20 5.35 E20 2.67 E20
I Dollar paid for goods and services, $/y 5.86 E08 343 E08 1.71 E08
P Fisheries EMERGY/$ ratio, used for, sej/y 1.56 E12 1.56 E12 156 E12
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Fig. 4. Aggregated diagram of Korean fisheries (D.W.F.=Distant water fisheries).

Table 7. Indices using EMERGY for overview of Korean fisheries

Quantity
Item Name of index Expression Korean  Adjacent waters Shallow-sea
fisheries fisheries cultures
1 Renewable EMERGY flow R 364.81 E20 sej/y 35831 E20sej/y 6.52 E20 sejfy
2 Flow of purchased input K=D+M+F+Pl 18396 E20sej/y 3302 E20sejly 8.35 E20sejly
3 Total EMERGY inflows R+K 548.77 E20 sej/y 391.33 E20 sej/y 14.87 E20 sejfy
4 Total EMERGY used U=R+K 548.77 E20 sej/y 391.33 E20 sej/y 14.87 E20 sej/y
5 Fraction of EMERGY used devided R/U 0.66 0.92 0.4
from environmental sources
6 Fraction of purchased input KU 0.34 0.08 0.56
7 Net EMERGY yielded ratio U/K 298 11.85 178
8 EMERGY investment ratio KR 0.50 0.09 1.28
9 EMERGY exchange ratio U/L$X 6.93 10.63 1.25
(EMERGY/$}]
10 Macroeconomic value GNP by 3537 E9 $/y* 2524 E9 $/y 955 E8 $fy
fisheries

* 281 E9 $/yX(548.77 E20sej/y/4,373.16 E20sejly)=35.37 E9 $/y.

3 AAAQ YA LS 834X10° sej/yrol AT wek 3. EMERGY XIE sh4

A AR AT Qutdaoe A A9RE Fx A Al2H9 A 728 EAS Hrtst
U el o o227 xon YY) ASe 7] 98A EMERGY AEE 451 (Table 7) 33
Azte A &5l AT BRI} S &+ FAYA FUHE AA EMERGY ¥ &5 27t
A, AAGEd 99 A EMERGY ¥ 4,373.16X102
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Table 8. Typical net EMERGY yield ratios* of fuels and environmental products

Item

Net EMERGY
yield ratio

Dependent processes, no net yield:
Farm windmill, 17 mph
Solar voltaic cell electricit

Solar water heater

Contributing processes, yielding net EMERGY Palm oil

Energy intenesive corn
Sugarcane alcohol

Shaliow-sea cultures (in Korea)
Plantation wood

Korean fisheries

Lignite mine in Texas

Natural gas at 1986 prices

Oil at 1986 prices

Coal at 1987 prices

Adjacent waters fisheries (in Korea)
Naturally grown rainforest wood
New Zealand trawl fishery

0.03
0.33
0.18
1.06
1.10
114
1.78
2.10
2.98
6.80
7.80
790
118
119
12.0
16.0

* EMERQY vyield divided by EMERGY of inputs purchased from the economy including goods & services.

sej/yr (Lee and Odum, 1994)9] 1255% 2! 548.77X 10
B seifyr, YutalHIY] 4 $olE 895% Y 391.33X
107 sej/yr, A FA Gl M= 034% <) 14.87 X 10% sej
Aol ATk, A #A oAt AAHQ] oA
e AHEY, dA) #4499 A9 66%, 34%,
JgulaHolgd e AL 92%, 8% 2 AA@AY &2
7h #& FREY EAS F Bt gloH, A
GNP AE 4%, 56% 5 AA L 9lo] ks
ojdite AR AAEF JEE7}t #& 4y
A EA4& Jez 9l

g Al2Eo A 228 EMERGYS F AAZHH
¥ EMERGYSHS A7t E8l29 && 7HE 3¢
of Ao 29 747} e} Net EMERGY yield ra-
tiod] H7lolA F AAZHH Y€ EMERGY vl
& I A4&Fo] 103 ¢ vehle Zfde A4
22X AR E /AR YA K A 2-E vl
o, AA Fad, ditswold], gAY 2,
77} 2.98, 11.85, 1789 & YEML o] =9
duts ol A4 FwHEAZ EE0QYY A4

o 2X9 71X Hohe Aoy 19864, 19879 % A7t
2 479 Heo Fde AQo2A JIAE JE
Wi it} (Table 8).

AAEEE E3lo &€ EMERGYS} o€ #
A& 7o) 7k1 EMERGYSHS ulo] 938l At e
EMERGY investment ratio AA F¢Ze 7ol
BE 2dsA dya Gl dis 78 wge FA
€5<¢ 5% EMERGY/F frd 2t A4 #4494, ¢
uha o], AaludA el 7% EMERGY investment
ratio’} Z+ZH 050, 0.09, 1.282 JElgon vitel=
A48AL gAes e 13 A 54 7,
AABH o 3 AAHA NLH b ohE A&
B (A2 FY4=, $49 dxA)e &) AA o] Fof
Ax 9&E yvekdd 59 3= (Lee and Odum,
1994) o)L} 54+ (Lee, 1995)9 Z¢-Hd Agd WH
o AA&A 3 gt £ 088, 6529 =&
EMERGY investment ratio &% 7H3 Al2¥# & o
Z7} 9,

Aakztel 2R zhe] FAHE AoA S s e
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EMERGY$} 399 n34]E Vel = EMERGY ex-
change ratio2 HA 444, YRtaHo|dd, M G2
o] AAES HrhstA 7h7) 693, 1063, 1.25E, o<
auze] ZHAAM BEWH £2E YAE 4987
g5 e A g3t g A2 Ay A
A &5l g A5 A 2 A L3t AHFOZ 6,
93, 10.63, 1.258] &2 EMERGY o5& BX &
< vieRdC

FNEFAYA (1992) A B AA F39, dute)
Hold, Ao A 77t 507X 10° $fy, 2.
36X10° by, 764X 10° $/yE UERAOT o QI
o ZAZF AT AAE AAsE AHY &
F itk q7)d AA#Ae] FE AT A £H
ko] Brtsks] YA, &=o] 7hA= A A EMERGY
(4,373.16X10% sej/y) ol A A 434, dtraiHolq
a8 A FA Yol A= EMERGY H&E 92
3 GNP (281X10° §/y) ol Fetd AANAAH 743
(Macroeconomic value) 2 E&#3tH 242} 3537X10°
[y, 2524X10° $/y, 955X 10° $/y°l it} webr EME-
RGY £4& & sdx54509 ANAAZL 744
(Macroeconomic value) 8 A|ZA Ao 23+ H7} Ao
de HA 4, durslEoy, AMgAdy 2+
Z+7t 698, 10.69, 1.25819] zto]& Holu Yt}

(@) o]
i =

19923 FUEFAAY] 185% S A 3= 54t
A& ADREH BAGF S shie A2ddA FY
T A BV AR e e EMERGY ¥
g o] 43t AA#A Y 7jo) %9} EMERGY AR S
A stg .

44909l A4 EMERGY 9 %2 634.64X10%
sej/yrol i, ol F H ¥ A& A EMERGYS 2.54
%, B} 121%, W& 2355%, 24L& 767%,
T 977%, AL 2621%, BE 617%, YFIHEL
1619%, 5YF5Ee 519% 221 Aste £92
144% 5 YE 2 Uik A8 A da ZA
el A he ARFEe A4 FH9 F S 66%,
4%, YutHolde] A9 92%, 8% 2 A<
ELIF e F2AQ EAL F wrYsta 9o,
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A B 4%, 56%S AAFL glo] dut
daolYde 2o 2 AAYFY JEEI} B
AdH EA4S ez Ao

Net EMERGY yield ratio®] H7tolA AA 444,
AutsHolyd, YA 49, 242 298, 1185, 1.
789 @< Jehlin ol @39 gutsHolgel 4
S 79AHE EENYHY AYPo A9 71A] B
£ Aoy 19864, 19879 AZIE df9 Xg
Fale AdozAg /AXE YE L Atk EME-
RGY investment ratiot 0.50, 0.09, 1282 Yeh} u}
tete AQ#Ae daez e 13 499 E4
&), AA8A e AAFA A Ex7 o
E A&F (AR FAF, §49 dzAD e vlE FA
o] FojA T Y&-& UelY Tt EMERGY exchange ra-
tio2 AR F4rq, dubsHY, A FG AL
22 Hrtstd 42 693, 1063, 1258, MR &
HolM HE £AE UAlE A9 8F59 1A
t AYE ABFA g A= Ay BAEF °
g 7HA N B2 R B3t AuEoE 693, 1063, 1.
254 ¥tZ9] EMERGY °l5¢ E1 Y% vEyd
EMERGY #4& §% 553449 AAFAAQ
7+ (Macroeconomic value) 2+ Al 37 Alo] o1& H7}
Atololl= A 444, drsiHolq], gAY
A% 7tz 698, 1069, 1.25M0 2] 74x) Hrhel] QlolA
ol g Holi Ach

At At
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