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Abstract — For sustainable use of the resources of uninhabited islands of Korea, their ecological economic poten-
tial needs to be fully integrated into their management policy and the carrying capacity of the islands should be
evaluated before using or developing them. The emergy methodology was used to evaluate the ecological eco-
nomic value and carrying capacity of Sungap-do which is an uninhabited island in Incheon, Korea. The system
boundary for the emergy evaluation of the island included the sea area within 1km from the high tide level, fol-
lowing the management boundary for the uninhabited islands of Korea stipulated in the Law on the Conservation
and Management of Uninhabited Islands. The total renewable emergy input to Sungap-do was 1.04x10% sej/yr
from tidal energy. The annual ecological economic contribution of the island was evaluated high at 29.9 billion
EmW/yr. If Sungap-do were developed to the national average, its carrying capacity was 6,586 persons at the cur-
rent living standard of Korea. The carrying capacity of Sungap-do for the long-term sustainability scenario was
2,337 persons at the same living standard as in the developed scenario. When only emergy contribution of the land
area was considered, the carrying capacity of Sungap-do sharply decreased to 14 persons for the developed sce-
nario and 5 persons for the long-term sustainability scenario. The carrying capacity of the uninhabited islands of
Korea including Sungap-do, thus, needs to be considered from the initial stage of utilization or development
projects to sustain the ecosystem benefits and their sustainable uses.
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Sungap-do

Fig. 1. Location of Sungap-do evaluated in this study.
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systems language)E ©1-8-5t01 23313 THOdum[1983, 1994]).
YA AR A = 7k AIARe] A 8AE Alele] A4 #
AE o7t vlE] Fold 7|5EE o] &3ste] vERdich
AR A AR} o] &ato] Fr7iEeS vEE Y A7
STAR Lozt 3 WA DAlolM = F 7l A8l A
£ Ak, AAle ATetnAt sk uld s -2 H4ef uhet
A7t Hrhd AlEle] AAlE AlAEC] QR el UIRQ
A5 FESRE 71ES AAEE o] dtellM s AU w3
718 vt AAE FAEAC] B 9 el #st HE ol 3
3 A E wet iR Ao 2R E 1 km U2 NS
Ao BT T WA dAlel A= AR 2lFellA Al ~Hle|
e nAE T8 QA4ElE ofd AEo] A et 9
Zrolli= B, ], vk, 24, Ell, Ae, Ak 22 A
Ql @49l A, A7), Astel &9, AR, FA, At 57 2
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W2 okt ] WAl A Ukl ek,
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AR F B SeyF 23EE], ANl FHl= Table |
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= A, B E7HEIHAFARE, olmA =), $
FEPFERE), i & ol gal), 257k 87t
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Table 1. Tabular format for a typical emergy evaluation table

4 "\ Imported
~ inputs
F
Renewable} R .
sources ?-» Ecosystems EC‘TS%""C Products
\ J

Yield (Y)=R+N+F

Emergy Investment Ratio (EIR) =F /(R + N)
Emergy Yield Ratio (EYR)=Y/F

Environmental Loading Ratio (ELR) = (N + F) /R
Emergy Sustainability Index (ESI) = EYR / ELR

Fig. 2. Emergy indices used in this study to calculate the carrying
capacity of Sungap-do.

yield ratio, EYR), %744 8}H] & (environmental loading ratio,
ELR), oM A% &2 X]4=(emergy sustainability index, ESI)E ©]&
SISAT. EIRS B7hld A1) @olA 4dst oA (F)et
FolA 58 AR AAY7Fs oA R, AEZFs M A] N)
o] HlEE (Fig. 2), A9 AAYE vehditt. &, 543 A
St ARIAE AR 9 EIRO| WSS Q- o] A&
o] Aol g ZAAge] Q= Aoz H7IE 4 Qltt. EYRS AlAE]
oA akst Ashd Au| a7 7R AL Qs oA (Y)e 2ol
A ikl TS oA (F) O E Lre] ekt EYRO] &
F5 o] ARl 71ojsh= vt ol drks 2le gmjsith
ELRE 71 AA o] A8l nx]= 544 o3k 4
S5 Brieked], 9ol Frdstel Fist owA(F)ek WiF-<]
ABE7 s AHANE Bk F o -2 A87ts dlHAIR)E
tRro] gt wpx|ueko 2 ESIE 37tV AAEs2 AE53E
el Ed], EYRS ELRE o] -8k}t Brown and Ulgiati
[1997]= H7Fd Al2~Ele] ESPE 1001deld 7|8 om =<4
7Fsdt Al 02 RSk
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S8 AR ok A3t oA = (sejlyrys ¢
QG ellMA] ARE-=(sej/person) 2 o] TBiTE o 9]
T 7HA AlE] ol disl] Az oA fdEE 2t ARkt
), LRI o] AR -Ejube) A B LRIE o=
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Note  Items Raw data

Solar transformity (sej/unit)

Solar emergy (sej/yr) Emvalue (EmW/yr)

1 Ilyr, glyr, Wiyr, $/yr, etc sej/l, sej/g, sej/W, sej/$, etc Raw dataxSolar transformity ~ Solar emergy/ Emergy-money ratio
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Fig. 3. Energy systems diagram for the emergy evaluation of Sun-
gap-do, Korea.

sej/yre swotsitt.

ARER fridshs TolHAl frd s ol&sto] Mte AAEA
9] 7IXE Hrhst A3 A7F 2999 EmW(1,782%F EmW/ha/yr) .
2 e H1E 2149 vl FEANE 20009 1€ 19 7]
= AR FAAZI 2,1009/mAZHT[2009])S ©]-E-5tod A
A5t Aol BlE7EA] 7L oF 459 el Evletihe He 1eE
A7 A7 7R A Q) olulR] B e 7HAIE ol =
a1 g = Qe S EEARE[2005]2] AR E o] Aol A ARE-SH
e ol A H B9} o mx]slun] &2 Hg3te] AAtsE A
A2 3% 1,174% EmWiha/yr, A% 75 3,2009 Em¥/
ha/yr?] 7HE 7431 Qe A o2 yepdtl Ads A &
7K AAERSE 0N AR TR Yl
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muig)

3.2 EE+EH

AT g ArPETH= Table 39 AT A3t
= SueEt B9 0% el Row spgE A9 Azt

Table 2. Emergy evaluation table for the emergy flow of Sungap-do, Korea

No Items Energy Data (J/yr) Solar Tranformity® (sej/J) Solar Emergy (sej/yr) Emvalue® (EmW/yr)
1 Sun 7.16x10'¢ 7.16x10' 2.06x107
Land 9.19x10" 1 9.19x10" 2.64x10°
Sea 6.24x10' 1 6.24x10' 1.79x107
2 Wind, kinetic energy 4.96x10" 1.22x10" 3.49x10’
Land 6.36x10" 2,450 1.56x10' 4.47x10°
Sea 4.32x10" 2,450 1.06x10" 3.04x10’
3 Rain, chemical 4.96x10" 1.51x10" 4.34x108
Land 6.36x10" 3.05x10* 1.94x10" 5.57x10’
Sea 4.32x10" 3.05x10* 1.32x10' 3.78x108
4 Wave 3.75x10" 5.10x10* 1.91x10" 5.49x10°
5 Tide 1.41x10" 7.39x10* 1.04x10% 2.99x10"
6 Soil erosion 1.59x10" 1.24x10° 1.97x10" 5.66x10°

*Data sources and calculations are given in Appendix.

"Transformities for wind, rain, wave, and tide from Odum[2000] and that for top soil loss from Campbell e al.[2005], based on the global

emergy baseline of 15.83x10** sej/yr.

‘Emvalue for each item was calculated using the emergy-money ratio of 3.09x10° sej/W calculated in this study for the Korean economy in 2006.
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Table 3. Emergy carrying capacity of Sungap-do, Korea
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Emergy from both land and sea Emergy only from land

Scenarios
(persons) (persons)

If the Sungap-do were developed to the national average with the

. . 6,586 14
emergy investment ratio of 2.86
If the Sungap-do were developed to ensure the long-term sustainability 5337 5
with the emergy sustainability index greater than 10 >
T B EHE GRIRe) SUEE g7 1HE S 6,586,  7F ZQsih
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Appendix. Footnotes to Table 2.

1. Sunlight
Land area = 2,155,041 m> (S U==2F-[2005])
Sea area = 14,646,000 m?
Insolation = 4.74x10° J/m*yr (717473 [2006]))
Albedo = 0.1 (assumed)
Energy (J/yr) = (Area)x(Insolation)x(1 - albedo)
Energy-land (J/yr) = 9.19x10" J/yr
Energy-sea (J/yr) = 6.24x10' J/yr
Total energy (J/yr) = 7.16x10' J/yr

2. Wind
Average wind speed = 2.5 m/s (71’37 [2006])
Geostrophic wind = (Average wind speed)x(10/6) = 4.17 m/s
Energy (J/yr) = (1.3 kg/m®)x(0.001)x(Geostrophic wind)*x
(3.14x107 sec/yr)x(Area)
Energy-land (J/yr) = 6.36x10" J/yr
Energy-sea (J/yr) = 4.32x10" J/yr
Total energy (J/yr) = 4.96x10" J/yr

3. Rain, chemical
Rain = 1.3 m/yr (71’37 [2006])

Energy (J/yr) = (Area)x(Rain)x(1000 kg/m*)x(4940 J/kg)
Energy-land (J/yr) = 1.38x10" J/yr

Energy-sea (J/yr) = 9.41x10" J/yr

Total energy (J/yr) = 1.08x10" J/yr

. Wave

Shore length = 3130 m (estimated in this study)

Wave height = 0.42 m (3|5=2H-[2003])

Water depth = 30 m

Energy (J/yr) = (Shore length)x(1/8)x(1025 kg/m*)x(9.8 m/sec?)x
(Wave height)* x (9.8 m/sec’>Water depth)"?x(3.154x107 sec/yr)
— 3.75%10" Jiyr

. Tide

Tidal height = 5.21 m (=rH3|UFTAR, 2005)
Energy (J/yr) = (Sea area)x(0.5)x(706/yr)x(3.2%)x(1025 kg/m’)x
(9.8 m/sec?) = 1.41x10" J/yr

. Soil erosion

Soil loss = 70 g/m*yr AFE3, 2000)
Energy (J/yr) = (Area)x(Soil loss)x(0.07 gOM/g-sediment)x
(3.6 keal/g)x(4186 J/kcal) = 1.59x10" J/yr



