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Abstract

This research outlines a new method for evaluation of shellfish production in Gamak Bay based on the
concept of EMERGY. Better understanding of those environmental factors influencing oyster production and
the management of oyster stocks requires the ability to assess the real value of environmental sources such
as solar emergy, river, tide, wave, wind, and other physical mechanisms. In this research, EMERGY flows
from environment sources were 76% for shellfish aquaculture in Gamak Bay. EMERGY yield ratio,
Environmental Loading Ratio, and Sustainability Index were 4.26, 0.31 and 13.89, respectively. Using the
Emergy evaluation data, the predicted maximum shellfish aquaculture production in Gamak Bay and the FDA
(Food and Drug Administration, U.S.) designated area in Gamak Bay were 10,845 ton/y and 7,548 ton/yr,
respectively. Since the predicted shellfish production was approximately 1.3 times more than produced shellfish
production in 2005, the carrying capacity of Gamak Bay is estimated to be 1.3 times more than the present
oyster production.
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Fig. 1. Overview of research site near Gamak Bay (Shading area means specialized management area both
land and ocean by marine environment by MOMAF).
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Fig. 2. EMERGY based indices, accounting for renewable
EMERGY flow(l), flow from indigenous non-
renewable reserves(N), purchased inputs from out-
side the system(F), and yield from system(Y).
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Fig. 3. Energy systems diagram using EMERGY simulator with system diagram language of shellfish aquaculture in
Gamak Bay.

Table 1. EMERGY evaluation of resources bases for shellfish aquaculture in Gamak Bay

Data Solar References Solar Emdollars
Note Item units transformity for EMERGY 2005
J, g or §) (sej/unit) transformity (sej/yr) ($/yr)
RENEWABLE RESOURCES
1 Sunlight 4.58E+17 J 1 [a] 4.58E+17 3.69E+05
2 Wind 431E+15 J 2450 [a] 1.06E+19 8.51E+06
3 Rainfall, chemical 1.10E+15 J 30500 [a] 3.37E+19 2.72E+07
4 Tide 1.89E+15 J 73900 [a) 1.40E+20 1.13E+08
5 Waves 2.53E+13 J 51000 [a] 1.29E+18 1.04E+06
6 River chemical potential 2.36E+14 J 81000 [al 1.91E+19 1.54E+07
PURCHASED INPUTS
7 Fuel 4.10E+13 J 5.30E+04 [b] 2.17E+18 1.75E+06
8 Human labor 6.37E+12 J 1.24E+06 [b} 7.90E+18 6.37E+06
9 Seed 5.94E+09 w 2.10E+09 [e] 1.25E+19 1.01E+07
10 Msc. Supplies 5.11E+08 W 2.10E+09 [c] 1.07E+18 8.66E+05
11 Services 1.69E+10 W 2.10E+09 [c] 3.54E+19 2.85E+07
PRODUCTION
12 Fishes 3.84E+14 J 5.41E+06 [d] 2.08E+21 1.68E+09
13 Crustaceans 7.84E+12 J 2.18E+07 [d] 1.71E+20 1.38E+08
14 Shellfish 3.06E+13 J 1.00E+07 [d} 3.06E+20 2.46E+08
15 Seaweeds 4.73E+10 J 1.85E+04 [d] 8.75E+14 7.06E+02
16 Total production 423E+14 J 2.56E+21 2.06E+09

(References for Transformity [a] Odum et al.”, [b] Brown and Bardi®, [c] Shin” and [d] Eum et al.®. Transformities
referred to Eum et al.? are based on the approximate planetary baseline 9.44E+24 sej/yr used in Odum(1996). To convert
transformities reported in this paper to the 15.83 E+24 sej/yr baseline multiply by 1.68.)

g, THH, A3} 9o thro] FrHAT 3 seiynBot Ase} &G0 o7 9 E(3.54 E+19
F 9 BFS YT Mute] §FAFE(217 E+18  seilyr)7t BA YL UthFig 4.). o)E 7 5
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Fig. 4. EMERGY signature of renewable and purchased inputs energy sources in shellfish aquaculture in Gamak Bay.
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Table 2. Comparison of emergy indices of shellfish aquaculture in Gamak bay and other aquacultures (arkshell: Eum

et al.® olive flounder: Kim et al.”)

Quantity (sej/yr)

Name of index Expression Arkshell Olive flounder _ GB (shellfish)
Renewable EMERGY flow R 5.46 E19 9.59 El16 1.92 E20
Flow of imported EMERGY K=F+PI 1.51 E19 426 E18 5.90 E19
Total EMERGY inflows R+K 6.97 E19 4.35 EI8 2.51 E20
Total EMERGY used U=R+K 6.97 E19 4.35 E18 2.51 E20
Renewability (% Renew) R/U 78 22 76.53
EMERGY yield ratio (EYR) UK 4.63 1.02 4.26
Environmental loading ratio (ELR) K/R 0.28 4441 0.31
EMERGY investment ratio (EIR) 0.31
Sustainability index (EmSI) EYR/ELR 16.50 0.02 13.89

o] 5o]oln, 23}t XA H-Foll= 294 59
HAE 7T 7ietute] 2ol EYRO] 42602
7hete §99) R Aate] AladoA vnd &
€34 719E ke AR HriEY, ol 9 59
o ST mut FAo AgHGE gh wou),
BAAZF dEE7T & 9A FHo vlsiM=
433 & oz HIEAY (Table 2).
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Hots @ gg Bl
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Table 3. EMERGY evaluation of resource basis for shellfish in FDA designated area

Data Solar References Solar Emdollars
Note Item units transformity for EMERGY 2005
J,g or $) (sej/unit) transformity (sejlyr) ($/yr)
RENEWABLE RESOURCES
1 Sunlight 1.0SE+17 ] 1 [a] 1.0SE+17 8.50E+04
2 Wind 9.92E+14 J 2.45E+03 [a] 2.43E+18 1.96E+06
3 Rainfall, chemical 2.54E+14 J 3.05E+04 [a] 7.76E+18 6.25E+06
4 Tide 4.35E+14 J 7.39E+04 [a] 3.22E+19 2.59E+07
5 Waves 7.66E+13 J 5.10E-+04 [a] 3.91E+18 3.15E+06
6 River chemical potential 1.02E+14 J 8.10E+04 [a] 8.22E+18 6.63E+06
4.40E+07
PURCHASED INPUTS
Fuel 2.35E+13 J 5.30E+04 [b] 1.25E+18 1.01E+06
8 Human labor 3.65E+12 J 1.24E+06 [b] 4.53E+18 3.65E+06
9 Seed 1.48E+09 ¥ 2.10E+09 [c] 3.12E+18 2.51E+06
10 Msc. supplies 2.55E+08 W 2.10E+09 [c] - 5.36E+17 4.32E+05
11 Services 4.21E+09 W 2.10E+09 [e] 8.84FE+18 7.13E+06
1.47E+07
PRODUCTION
Oyster 1.84E+13 J 3.29E+06 [d] 6.07E+19 4.89E+07
Little neck clam 1.42E+11 J 3.29E+06 [d] 4.69E+17 3.78E+05
Ark shell 1.31E+12 J 3.29E+06 [d] 4.30E+18 3.47E+06
Hard shelled mussel 2.89E+11 J 3.29E+06 [d] 9.51E+17 7.67E+05
5.35E+07
12 Total Shellfish produced 2.02E+13 J 3.29E+06 [d] 6.64E+19 5.35E+07

(References for Transformity [a] Odum et al.”, {b] Brown and Bardi®, [c] Shin”, and [d] this study)
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JEE} B2 13 e 724 £4& vz
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FDA AR Yo g EoQE F dvX <= 6.64
E19 sej/yr & 7}ubgbe] Hl3) 27% & AA &1 Yo
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E19 sej/yr 2 31%2 H7hEIQlT}. o] FDA 8]
B2 ojdde] FFHLE odBFE T8t 3
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t} (Fig. 5., Table 4).
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Fig. 5. Comparison of Emergy with R(renewable sources),
K(purchased inputs), and U(total emergy) between
Gamak Bay (left bar) and FDA designated area
(right bar).




850 LEE - o] AR . o]d

R CESE FEE

7=t - Charles Tilburg

Table 4. EMERGY comparision between Gamak Bay and FDA designated area

Item Name of index Expression Quantity(GB) Quantity(FDA)  Unit
1 Renewable EMERGY flow R 1.92E+20 4 81E+19sej/yr
2 Flow of imported EMERGY K=F+PI 5.90E+19 1.83E+19sej/yr
3  Total EMERGY inflows R+F+PI 2.51E+20 6.64E+19sej/yr
4  Total EMERGY used, U U=R+F+PI 2.51E+20 6.64E+19sej/yr
5 % Renew R/U)*100 76.53 72.49
6 EMERGY yield ratio (EYR) U/K 4.26 3.64
7  EMERGY investment ratio (EIR) K/R 0.31 0.38
8  Environmental loading ratio (ELR) K/R 0.31 0.38
9 SI EYR/ELR 13.89 9.58

E t FDA R Q8199 sl F 2ol ZAE
o g RE 1%_,;51 oz 9 3.64u)HF AA o
2 dE 5 9 AgezA9 7 E s1AT A
2l 9] A$ slutalo) A= 4268 Vel Ao Bl
& o4 "ojXE Ao JeElgt EIR
AgFoz2RE AUAE FYA7E <%
26H}] Gt AA 9 a2 3.00)) o Pk
AJUAE AARANA & 5 US v g
G H AT o B 2] AL-L-ZHEMERGY use per unit
area)> g Al2®loA LA 717 AFESF F ol
AFg A2de A4 dHog Yir gog, Jdy
Z] W =(empower density, sej/m’)B}iE 3, o]
Bt E BAALHS] 30 AFAE, & AA
8% Z=E vebdoh. FDA 28] o] g &9
HAG oo R ALL-FS 1.87 E12 sej/m'/yrE, 72t
g AA o i @A HG ol m A AREF 1.63
E12 sej/m'/yrell Bt} %8 3h-& Yehfio] FDA § Y
o tiaiA GAEAT B AAEFe] JFH
Je Aoz HrHAG (Fig. 6.).
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Fig. 6. Comparison of EMERGY use per unit area
between Gamak Bay and FDA designated area.
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Fig. 7. Comparison EMERGY indices with EYR, ELR,
and SI between Gamak Bay (left bar) and FDA
designated area (right bar).
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Fig. 8. Comparison of between present production and
carrying capacity of shellfish (above) and
previous research result (Cho et al.'y, middle) in
Gamak Bay and FDA area (below).
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Appendix. 1. Footnote on Table 1.
RENEWABLE RESOURCES ’
1 Sunlight
Fisheries Area = 1.54E+08 m?

Insolation =
Albedo =
Energy(J)

0

2 Wind
Fisheries Area =
Density of Air =
Avg. annual wind velocity =
Geostrophic wind =
Drag Coefficient =

Energy(J)

3 Rainfall, chemical potemtial
Fisheries Area =

Rainfall =

Gibbs free energy =

Energy(J)

4.24E+09 J/mP/yr
0.3 (% given as decimal)

(Fisheries area)(average insolation){1-albedo)

(1.54E08 m?)(4.23E9 J/m?/yr)(1-0.3)
4.58E+17 Jjyr

1.54E+08 m™2
1.30 kg/m®
4.40 m/sec
8.80 m/sec
1.00E-03
(area)(air density)(drag coefficient)(velocity®)

(1.54 £108 m?){1.3 kg/m%)(1.00 E-3)(8.8 m/sec)*(3.15 EO7 sec/yr)

4.31E+15 Jfyr

1.54E+08 m™2
1.45 m/yr
4.94 J/g
(area)(rainfall){Gibbs free energy)

(1.54E08 m”™2)(1.91 m/yr)(1E6 g/m~3)(4.94 J/g)

1.10E+16 J/yr

1.54E+08 m™2
1.83m

1.03E+03 kg/m"®

7.30E+02

i3
o}

(Area)(0.5){tides/yr)(mean tidal range)?(density)(gravity)

(1.54 E08 m?)(0.5)(730/yr)(1.83 m)*(1.03 EO3 kg/m®)(9.8 m/sec?)

1.89E+15 J/yr

8.46E+04 m
0.55 m
1.03E+03 kg/m®

ok

R

Energy(J) = (shore tength)(1/8)(density)(gravity)(wave height®)(velocity)

4 Tide
Fisheries Area =
Avg. Tide Range =
Density =
Tides/year =
Energy(J) =
5 Waves
Shore length =
Wave height =
Density =
6 River chemical Potential
River chemical energy =
Gibbs free energy relative to sea water
Coastal river discharges =
Energy(J) =
PURCHASED INPUTS
7 Fuel

Fuel used for fishery production
Fishery Households =

Energy conversion factor

Fuel price

Energy(J)

]

(8.46 E04 m)(1/8)(1.03 E3 kg/m>}9.8 m/sec®)0.55 m)?(0.025 m/sec)(3.15E7 sec/yr)

2.53E+13 J/yr

750 TDS.

= 138.8+In{(1E6~750)/965000) = 4.48J/g
5.27E4+07 m”™3/yr

(4.48 J/g)(1E6 9/m”"3)(5.27E07 m"3/yr)
2.36E+14 J/yr

3.76E+05 won/households/yr
4,445 households

8.00E+03 kcal/L

1.37E+03 won/L

(Fuel used)(Energy conversion factor)(Fuel price}(4186J/kcal)
(1.67 E09 won/yr)(8000 kcal/l){1L/1,365.3 won){(4186J/kcal)

_410E+13 Jiyr

HFFale ooz H7} 853

FYSHTEH, 1903
7| ad, 2003

7|44, 2004
olgs, 1987
Miller, 1964 quoted by Kraus, 1972

7|44, 2004

ZEBfeZ AL, 2004

estm. of 2 tides/day in 365 days

oliel &, 2002

af =L, 2007
=AY, 2004
LHRHE, 2006
LEARSE, 2006
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8 Human labor
Labor for fishery production =

Kcal consumed =

Energy(J)

3.29E+03 hr/yr
2.50E+03 kcal/day

= 6.37E+12 J/yr

9 Seed
Consumption (Avg. per Household) =
Fishery Households =
Seed for fishery production =

1.34E+06 won/households/yr
4,445 households
5.94E+09 won/yr

10 Misc. Supplies
Misc. Supplies (Average per Household) =
Fishery Households =
Misc. Supplies for fishery production =

1.18E+05 won/households/yr
4,445 households
5.11E+08 won/yr

11 Services
Services (Average per Household) =
Fishery Households =
Services for fishery production =

3.79E+06 won/households/yr
4,445 households
1.69E+10 won/yr

OUTPUT
12 Fishes 8.92E+04 M/T
Energy(J)= (89155 ton/yr)(1E6 g/tone)(103Kcal/100g)} 4186J/Kcal)

3.84E+14 J/yr

1.97E+03 M/T
Energy(J)= (1970 ton/yr}(1E6 g/tone)(95.2Kcal/100g)(4186J/Kcal)
7.84E+12 J/yr

13 Crustaceans

estm. of 9 hr/day

(3.29 EO3 hr/yr)(2500kcal/day)(1day/24hr){4186J/kcal)(Household)

oAl &, 2004

s 2k=4HR, 2007

oAl H, 2004

LR, 2007
O{=AlH, 2004

o
-]
o

EXEH, 2006

14 Shellfish 8300 M/T
Energy(J)= (8300 ton/yr)(1E 6 g/tone)(88kcal/100g){4186J/Kcal)
3.06E+13 J/yr
15 Seaweeds 430 M/T
Energy(J)= (430 ton/yr)(1E 6 g/tone)(26.3 Kcal/100g){4186 J/Kcal)
4.73E+10 J/yr
16 Total production

Total production = 4.23E+14 J/yr
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Appendix. 2. Footnote on Table 3.
RENEWABLE RESOURCES
1 Sunlight
Fisheries Area = 3.55E+07 m? FESLEY, 1993
Insolation = 4.24E+09 J/m?/yr 714+, 2003
Albedo = 0.3 (% given as decimal)
Energy(J) = (Fisheries area)(average insoiation){1-albedo)
= (1.54E08 m?)(4.23E9 J/mzlyr)(1~0.3)
= 1.05E+17 J/yr
2 Wind
Fisheries Area = 3.55E+07 m"2
Density of Air = 1.30 kg/m®
Avg. annual wind velocity = 4.40 m/sec 71&H8, 2004
Geostrophic wind = 8.80 m/sec oj™E, 1987
Drag Coefficient = 1.00E-03 Miller, 1964 quoted by Kraus, 1872
Energy(J) = (area)(air density)(drag coefficient)(velocity®)
= (1.54 £108 m?)(1.3 kg/m®)(1.00 E-3)(8.8 m/sec)*(3.15 EO7 sec/yr)
= 9.92E+14 J/yr
3 Rainfall, chemical potemtial
Fisheries Area = 3.55E+07 m~2
Rainfall = 1.45 m/yr 7jabd, 2004
Gibbs free energy = 4.94 J/g
Energy(J) = (area)(rainfall)(Gibbs free energy)
= (1.54E08 m”2)(1.81 m/yr)(1E6 g/m”3)(4.94 J/g)
= 2.54E+14 J/yr
4 Tide
Fisheries Area = 3.55E+07 m"2
Avg. Tide Range = 1.83m RIS AEALR, 2004 H
Density = 1.03E+03 kg/m*
Tides/year = 7.30E+02 estm. of 2 tides/day in 365 days
Energy(J) = (Area)(0.5)(tides/yr}(mean tidal range)?(density)(gravity)
= (1.54 E08 m?)(0.5)(730/yr){1.83 m)¥(1.03 EO3 kg/m®){9.8 m/sec?)
= 4.35E+14 J/yr
5 Waves
Shore length = 2.56E+05 m
Wave height = 0.55m
Density = 1.03E+03 kg/m®
Energy(J) = (shore length)(1/8)(density)(gravity)(wave height®}(velocity)
= (8.46 E04 m)(1/8)(1.03 E3 kg/m®)(9.8 m/sec®)(0.56 m)*(0.025 m/sec)(3.16E7 sec/yr)
= 7.66E+13 J/yr
6 River chemical Potential
River chemical energy = 750 TDS.
Gibbs free energy relative to sea water = 138.8+In({1E6~750)/965000) = 4.48J/g
Coastal river discharges = 2.27E+07 m”3/yr I+, 2005
Energy(J) = (4.48 J/g)(1E6 g/m”3)(2.27E07 m”3/yr)
= 1.02E+14 J/yr
PURCHASED INPUTS
7 Fuel
Fuel used for fishery production = 3.76E+05 won/households/yr s ek A5, 2007
Fishery Households = 2,550 households 2X&, 2005
Energy conversion factor = 8.00E+03 kcal/L A AXRL, 2006
Fuel price = 1.37E+03 won/L LUK T, 2006
Energy(J) = (Fuel used)(Energy conversion factor)(Fuel price)(4186J/kcal)

(1.67 EOS won/yr){8000 keal/i)(1L/1,365.3 won}{4186J/kcal)

2.35E+13 J/yr.




856 LEH - o] qE - o] - FHF - FAA - AFT - Charles Tilburg

Appendix. 2. (continued)

8 Human labor
Labor for fishery production = 3.29E+03 hr/yr estm. of 8 hr/day
Kcal consumed = 2.50E+03 kcal/day
Energy(J) = (3.29 EO3 hr/yr)(2500kcal/day)(1day/24hr}(4186J/kcal)(Households)
= 3.65E+12 J/yr

9 Seed
Consumption (Avg. per Household) = 1.34E+06 won/households/yr
Fishery Households = 1,110 households of==A|E, 2004
Seed for fishery production = 1.48E+09 won/yr
10 Misc. Supplies
Misc. Supplies (Average per Household) = 1.15E+05 won/households/yr B 2 &R, 2007
Fishery Households = 2,220 households A, 2004
Misc. Supplies for fishery production = 2.55E+08 won/yr
11 Services
Services (Average per Household) = 3.79E+06 won/households/yr of k=415, 2007
Fishery Households = 1,110 households =AY, 2004
Services for fishery production = 4.21E+09 won/yr
OUTPUT
12 Total Fisheries produced
Total Fisheries produced = 5,650 M/T
Energy(J) = 2.02E+13 J/yr
Oyster(2)= 5.00E+03 M/T Oi ALY, 2006
Energy(J)= (3200ton/yr){(1E6 g/tone)(88Kcal/100g)(4186J/Kcal) SETEH, 2006

= 1.84E+13 J/yr
Little neck clam(8}X[&t)= 5.00E+01 M/T
Energy{J)= (500 ton/yr){(1E6 g/tone)(68Kcal/100g)(4186J/Kcal)
= 1.42E+11 J/yr
Ark shell(T@ =H)= 400 M/T
Energy(J)= (800 ton/yr){1E 6 g/tone)(78kcal/100g)(4186J/Kcal)

= 1.30603E+12 J/yr

Hard shell mussel{(Z &S)= 100 M/T
Energy(J)= (1300 ton/yr){1E 6 g/tone)(69 Kcal/100g)(4186 J/Kcal)

= 2.88834E+11 J/yr




