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Abstract : This study was conducted laying the focus on finding the mutual action between the
substantial ecological value and economic system in the national land, and calculating the
environmental carrying capacity and sustainability of the national land using the emergy synthesis.
Particularly, this study pays attention watchfully to the reality that the analytic framework to analyze
sustainability is not arranged well, as the concept of sustainable development considering

environmental carrying capacity, which becomes a widely discussed topic today, is defined
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differently according to the subjective views of respective researchers, and the situation which needs
in-depth evaluation on the interaction between nature and economy which becomes the
fundamental of sustainable development. This study also aims at groping for correct direction for
the national land development by calculating the environmental carrying capacity and index value
which is appropriate to the national land and providing the framework for preparing the policy to
induce the sustainable use and management of the national land.

The concept of emergy synthesis which is used for the evaluation of environmental carrying
capacity and sustainability in the national land, as in this case, can notify the information on current
situation of the national land as well as explain how the national land transforms according to time
pass (the role of information synthesis), and gives knowledge if the national land policies advances
toward the direction of sustainable development (the role of policy evaluation and observation).
Emergy synthesis also can take role for selecting best policy on the process of decision making on
the exploitation of the national land (the role on the process of decision making).

Keywords : National land, Environmental carrying capacity, Sustainability, Emergy synthesis
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Table 1. Template for inventorying and weighting resource inputs and outputs in emergy synthesis

1 2 3 4 5 6 7
. Transformity Solar emergy Emprice
Note Item Energy Data Units (sej/unit) (sei/yr) (EmWiyr)

Column 1 is the line item number, which is also the number of the footnote found below the table where raw data sources are cited and
calculations are shown. Column 2 is the name of the item, which is shown on the systems diagram. Column 3 is the raw data in joules,
grams, dollars or other units. The units for each raw data item are shown in column 4. Column 5 is the transformity used for calculations,
expressed in solar emergy joules per Joule or other appropriate units (sej/j; sej/g; sej/W). Transformities may be obtained from previous
studies or calculated for the system under investigation. Column 6 is the solar emergy of a given flow, calculated as input times transformity
(Column 3 x Column 5). Column 7 is the emprice of an item, which indicates its value relative to the economic system.
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reserves(N), purchased inputs from outside the system(F), and yield from system(Y)
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Table 2. Emergy synthesis table of resource and economic flows of national land, 2013

No. Item E’zfmr%;)r;‘ta Units T(r:;fﬁzgy S"'Z‘:e];:/“y“r‘)’rgy EEmrf;;)e
RENEWABLE RESOURCES
1 |Sunlight 3.51E+20 ] ISl 3.51E+20 3.20E+11
2 |Rain, chemical potential 4.67E+17 J 1.82E+04" 8.49E+21 7.96E+12
3 | Rain, geopotential 2.17E+17 ] 1.05E+04" 228E+21 2.13E+12
4 | Wind, kinetic energy 3.59E+17 J 1.50E+03" 537E+20 5.03E+11
5 | Waves 5.12E+14 J 3.06E+04” 1.57E+19 1 47E+10
6 |Tide 9.25E+10 ] 1.68E+04" 1.56E+15 1.46E+06
INDIGENOUS RENEWABLE ENERGY
8 | Hydroelectricity 3.08E+16 ] 1.59E+05" 489E+21 4.59E+12
9 | Agricultural Production 2.94E+17 J 2.00E+05” 5.88E+22 551E+13
10 |Livestock Production 3.99E+16 J 2.00E+06” 7.98E+22 749E+13
11 |Fisheries Production 541E+16 J 2.00E+06” 1.08E+23 1.01E+14
12 | Fuelwood Production 3.17E+15 J 3.49E-+04” 1.11E+20 1.04E+11
13 |Forest Extraction 5.97E+16 J 3.49E+04” 2.08E+21 1.95E+12
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
14 [Coal 526E+16 ] 4.00E+04" 2.11E+21 1.97E+12
15 | Metallic Minerals 9.05E+11 g 1.00E+09” 9.05E+20 8.48E+11
16  |Industrial Minerals 9.81E+13 g 1.00E+09” 9.81E+22 9.20E+13
17 | Top Soil 1.82E+16 J 7.40E+04” 1.34E+21 1.26E+12
IMPORTS AND OUTSIDE SOURCES
18 |Coal 3.68E+18 ] 4.00E+04" 1 47E+23 1.38E+14
19 |Oil, crude 5.75E+18 ] 5.40E-+04” 3.10E+23 291E+14
20 |Petroleum Products 2.07E+18 ] 6.60E-+04” 1.36E+23 1.28E+14
21 |Metallic Minerals 7.10E+13 g 1.00E+09” 7.10E+22 6.66E+13
22 |Industrial Minerals 4.80E+12 g 1.00E+09” 4.80E+21 4.50E+12
23 |Natural Gas 2.17E+18 J 4.80E+04" 1.04E+23 9.77E+13
24 | Goods & Services 5.16E+11 $ 1.24E+12° 6.39E+23 6.00E+14
EXPORTS
25 | Goods & Services \ 591E+14 \ W \ 1.07E+099 6.30E+23 591E+14

References for Transformity. a) Odum 1996, b) Brown & McClanahan'® 1996, ¢) Calculated in this study 2016.

Table 3. Summary of flows in national land

Item Numerical value, 2013 | Numerical value, 2003
R |Renewable sources used (sej/yr) 8.49E+21 1.03E+22
N [Nonrenewable sources flow from within Korea (sej/yr) 1.02E+23 1.05E+23
F  |Imported minerals and fuels (sej/yr) 7.74E+23 5.51E+23
P,I | Imported goods and services (sej/yr) 6.39E+23 222E+23
I |Money paid for imports ($/yr) 5.16E+11 1.79E+11
E | Money paid for exports (W/yr) 591E+14 2.32E+14
P,E | Exported goods and services (sej/yr) 6.30E+23 2.85E+23
X | Gross domestic product (W/yr) 1.43E+15 7.25E+14
P, |Ratio emergy to dollar of imports (sej/$) 1.24E+12 1.24E+12
P, |Ratio emergy to dollar within the country and for its exports (sej/ W) 1.07E+09 1.23E+09
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Table 4. Comparison of main emergy flows and indices for time series emergy synthesis of national land
Emergy index Expression Quantity

1991 1997 2003 2013
Renewable emergy flow R 3.36E+22 | 3.63E+22 | 1.03E+22 | 8.49E+21
Flow from indigenous nonrenewable reserves N 1.23E+22 | 1.08E+23 | 1.05E+23 | 1.02E+23
Flow of imported emergy F+P,I 391E+23 | 6.28E+23 | 7.73E+23 | 1.41E+24
Total emergy inflow R+N+F+P,I 437E+23 | 7.73E+23 | 8.88E+23 | 1.52E+24
Total emergy used U=R+N+F+P,I 4.37E+23 | 7.73E+23 | 8.88E+23 | 1.52E+24
Total exported emergy PIE 1.12E+23 | 2.20E+23 | 2.85E+23 | 6.30E+23
Fraction used, locally renewable RU 0.08 0.05 0.01 0.01
Fraction of emergy used purchased (imports) (F+P,1yU 0.90 0.81 0.87 0.93
Emergy use per unit area U/(area) 440E+12 | 7.77E+12 | 8.92E+12 | 1.52E+13
Emergy use per capita U/(population) 1.00E+16 | 1.68E+16 | 1.86E+16 | 2.98E+16
Renewable carrying capacity at present living standard (R/U)(population) | 3.32E+06 | 2.16E+06 | 5.52E+05 | 2.85E+05
Developed carrying capacity at present living standard 8(R/U)(population) | 2.66E+07 | 1.73E+07 | 4.42E+06 | 2.28E+06
Renewable Support Area (F+N)/Empd g, 1.19E+12 | 2.01E+12 | 8.53E+12 | 1.79E+13
Emergy to money ratio P,=U/GDP 1.93E+09 | 1.57E+09 | 1.23E+09 | 1.07E+09
Environmental loading ratio (N+F+P,I)/R 12.03 20.28 85.63 178.50
Emergy Investment Ratio (F+P,I)/(R+N) 8.53 435 6.69 12.74
Emergy sustainability index EYR/ELR 0.09 0.06 0.01 0.006
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Figure 6. Summary three arm flow diagram for the main flows and emergy budget of national land
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Figure 7. Comparison of emergy indices: (a) Emergy use per unit area, (b)Environmental loading ratio(ELR), (c) Emergy
investment ratio(EIR) and (d) Emergy sustainability index(EmSI)
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Figure 8. Evolution of carrying capacity in emergy terms for national land
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