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A macroeconomic minimodel was simulated to analyze the effect of global exchange on the Korea's economy.
The simulation results illustrate some of the consequences of public policy and some insight into current world
problems. All computer simulation runs made under various conditions suggest that the Korea’s system in the
near future may be strongly influenced by the favorable availability of outside resources, while the national
power and assets may be declined by indigenous environmental stock depletion. The borrowed capital allows the
temporary money stock to increase and the national assets to grow faster and a little higher, as using up the
environmental resources more quickly. Later, when the debt is paid off, the foreign exchange holdings may not
go so high. For the environmentally sound and sustainable development, over 75% of total economic production
should be invested to the natural resource management. Therefore, the economic structure of Xorea should be
transferred from the present industrial structure to social-economic structure based on ecological-recycling
concept.
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Table 1. Sources, storages, and flows used for calibration

in Fig.1
Item  Description Symbol or Egn. Value Unit
Environmental inflow
1. Energy inflow I 947 E+19 J/vr
2. Encrgy inflow R 947 E+18 I/vr
3. Resource used KO*R 852 E+19 J/yr
Environmental storages and flows
4, Average stock Q 200 E+19
5. Environmental production K1*R 1.13 E+17 J/yr
6. Depreciation K2+:Q 791 E+16 J/vr
7. Economic use K3+Q*A 3.39 E+16 J/vr
Assct storage and flows
8. Average assets slore A 115 E+08 ton
9. Production of assets K4+Q*A 102.7E+06 ton/vr
10. Depreciation Ko5+A 2.30 E+07 ton/yr
11. Input from the import K6+M/Pg 4.44 E+08 ton/yr
12. Export K8Q*A 2.16 E+08 ton/yr
Money storage and flows
13. Average money stock M 101 E+11 $
14. Spent on import K6+M 1.35 E+11 $/yr
15. Payback of loan K7*M 591 E+08 $/yr
16. Income from export K8+Q*A*Pa 125 E+11 $/yr
17. Export price Pa 579 $lon
18. Import price Pg 304 $/lon
19. Investment from abroad Ii time variable
20. Debt D 500 E+10 $
21. Interest rate T 0.05
22. Payment of intcrest IT*D 2.5 E+09 $/yr

* Note for Table 1 (footnote)

1. Energy inflow from Lee and Odum, 1994

2. Energy usable from assuming, 10%

3. Resource used from assuming, 90%

4 Environmental store of soil and wood energy from Lee and Odum, 194

5. Environmental production from Ministry of
Environment

. Depreciation from assuming, 66%

7. Economic use from assuming, 33%

. Avcrage asset - using total production per year, assuming a
growth rate of dX/at, and a turnover time of 50 years, the total
cconomic structure A may be calculated using
G = Total production - Petroleum

= 3187 E+6 ton - 830 E+6 ton

= 230.7 E+6 ton
A=50G+Imp-Exp-Dep*A)

=500 231 + 444 - 216 - 002« A)

= 115 E+08 ton

9. Production of asscts

a3

o)

Total production :  Anthracite coal 56 E+6 lon
Metal 9.0 E+6 ton

Cement 56.0 E+6 ton

Petroleum 880 E+6 ton

4| Others 73.1 E+6 ton

Total 3187 E+6 ton

Prod. of assets = Total production - Export
= 3187 E+6 ton - 2160 E+6 ton
= 102.7 E+6 ton
10. Depreciation = Average asset / Turnover lime
- 1/50 yr
=002 yr
11. Input from the import = Import tonnage, 444 E+8 ton/yr
12~22. from the Korea Statistical Book, 1995,
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Available Environ. Sources, : R=J-K0*R : and R = J/(1+K0)

Change in Env. Resources, Q : DQ = K1*R-K2*Q-K3*Q*A

Change in Assets, A : DA =K4*Q*A + K6*M/Pg - KS*A

Change in Money, M : DM = K8*Q*A*Pa + Ji - IT*D - K6*M - K7*D
Change in Debt, D:DD=Ji- K7D

Fig. 1. Energy systems diagram and equations for the
model of Korea.

32. @3 Alzgld g 4% 2%

T4, 7%, 4z, 291 XF TL EYsE JAL
72 Wate] g I A2 dF Age d=x9 A
s AT AF H79 vjefe] FEHE AT

Env. stock

Assels

Nommalized Quantity

/—\\_h_

pral)

/

1934 204
Year

UM

Fig. 2. Simulation of the nation model in Figure 1
without foreign loans and investment from
abroad or external trade (Ji=0 and K6, K7=0;
export flows were redirected into assets, A).
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Fig. 3. Simulation of the nation model in Figure 1
using money from sales to purchase
resources from outside, but without foreign
loans and investment from abroad (Ji=0).
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Fig. 5. The comparison of simulated GDP(solid
line) used for model validation with
statistical data(triangles).
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Fig. 6. The companson of sirmiation foreign loans(solid
line) used for model validation with statistical
data(triangles).
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Fig. 8. Simulation of the nation model in Figure 1 with
the policy of selling the native enterprise to
abroad(The increment of abroad investment 2%,
5%, 75 %, and 10 %).
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Fig. 9. Simulation of the nation model in Figure 1
with the export promotion policies(The increment
of export ; 1096, 25%, 40%, and 50%).
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Fig. 10. Simulation of the model in Figure 1 increasing the
price of extemnal purchases pg(The increment of
price ; 5%, 10%, 15%, 20%, and 25%).
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Available Environ. Sources, : R=J-K0*R*A : and R = J/(1+KO0*A)
Change in Env. Resources, Q : DQ = KI*R*A-K2*Q-K3*Q*A

Change in Assets, A : DA =K4*Q*A + K6*M/Pg - K$*A -K9*R*A
Change in Money, M : DM = K8*Q*A*Pa+ Ji - IT*D - K6*M - K7*
Change in Debt, D: DD =Ji-K7*D

Fig. 11. Energy systems diagram of Korea with recycle
pathway.
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Fig. 12. Simulation of the model in Figure 1 increasing
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sound and sustainable development(The increment
of feedback ; 5%, 102, 15%, and 20%).

5. 2 &

Nad Aeahs g2olde] oux 2d3st EMERGY
P 722 A2 A4#AL AAEFE TS
AR A2 WEE &5y, £ 4F ZAYHY
B73AY dig Nz FF AsE A5 A
oh&3t 2o

19549 A#g 2712PeR 39 ol 3008 S dF
b A3 of 100d7HA] AAH At S 8§44
e o 2aHE 3% EAd IMFR#2E

2 ‘:}_

fo. o

B

AgAE 98 R4S thh FVAA AHE BA
FE AAL J& F YAW FAF e} AA AL
393t AN BAE FEstdd. #3539 #3A
Je A&TPsstA A8 dAsiMe AA AL
BRE HABEN AFAsof wol NH5EE & F
A

T AR AP, FARA, €51, 28 A
27199 wizts} e Thd AL I AAHe]
9ol o]& e JUALE BRE & e TS
YA E F435 AZE AR GFHAT
WA HAA Y] Ao oM AMtg Wwe AL
Z d&FAr)

matA] AR AARYL @ HA A7 F
g 4 AT #4499 ndE FAAH B}

4

>~

T -

ZA% 488 fushs Aoz yehdy) dE0) vrld
A AARARTE R BRAAL AE5HA ol
£% 4 Ab 84338 AYT2E A% 9P o
7sh AAukedo] Bashe,

A 2
B oERe 1989 2PN QFd A7) o
o +qs1RE T,

¥ 3 E o9

1) Ulgiati, S. and M. T. Brown, 1998. Monitoring
patterns of sustainability in natural and man-made
ecosystem. Ecol. Model. 108, 23-26.

2) Odum, H. T. 1983. Systems Ecology. John Wiley
and Sons, New York. Reprinted in 1994 as
Ecological and General System. University Press of
Colorado, Niwot, 644pp.

3) Odum, H. T. 1996. Environmental Accounting.
EMERGY and Environmental Decision Making.
John Wiley and Sons, New York, 370pp.

4) o]¥E, £23, 7], 2000 M2 A HIZ
ol 2% o A&HA dAsbEA HIHI), &
%3747 53], 98 635, 449~454.

5) Campbell, D. E., 1998, EMERGY analysis of human
carrying capacity and regional sustainability @ an
example using the state of maine, Environmental
Monitoring and Assessment, 51, 531~569.

6) Brown, M. T. and S. Ulgiati, 1997, EMERGY -
based indices and ratios to evaluate sustainability :
monitoring  economies and technology toward
environmentally sound innovation, Ecological
Engineering, 9, 51 ~69.

7) Odum, H. T. and E. C. Odum, M. T. Brown, D.
LaHart, C. Bersok, J. Sendzimir, G. B. Scott, D.
Scienceman, and N. Meith, 1988, Environment
Systems and Public Policy, Ecological Economic
Program, Phelps Lab, University of Florida,
Gainesville, 253pp.

8) Odum, H. T, 1994, Ecological and General Systems,
The University Press of Colorado, 644pp.

9) Odum, H. T. 1989. Simulation models of ecological
economic developed with energy language methods.
Simulation (Technical Article} @ 63-75.

10) Lee, S. M. and H. T. Odum, 1994, Emergy
analysis overview of Korea. J. of the Korean Env.

Sci. Soc. 3(2). 165~175.

11) Odum, H. T. and E. C. Odum, 1998. Revision of
Part M. Fundamental Minimodels. A art of
Modeling for All Scales. An Introduction to
System Simulation. Copyright for Academic Press,
213pp.

12) Odum, H. T. and E. C. Odum, 2000. Modeling for



AW AU dagel 9% el A4 $AAEA HAHD)

all scales. 458pp.
13) A%, 1996, =5 A A7, 690pp.
14) 7%, 1996. 87 5 A A7, 646pp.
15) k=23, 1995, AAFAAK, 365pp.
16) £41%, 1997, 71491, 491pp.

17) A FAAT4, 1996, FdA SADHE, 328pp.

18) EA1%, 1955~1995, &FA A7

97

19) Odum, H. T, M. T. Brown and R. A. Christianson,

1986, Energy Systems Overview of the Amazon
basin.

20) Odum, H. T, E. C. Odum, and M. Blissett 1987,

Ecology and Economy :
Public Policy in Texas.

“Emergy” Analysis and



