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Abstract

As forest land takes up 65% of the Korean peninsula, there have been continuing conflicts between the
development and conservation of forest land. As the income level has changed over time, the usage of forest
land in society has changed. There has been increasing demands for forest land for urban development and
recreational use. On the other hand, a large proportion of the land is required to be preserved for the forest
and the natural ecosystem in it. The existing management system for the forest land has been designed focusing
on the management of the trees on the land, and not the land itself. Due to this limitation, the current manage-
ment system of forest land has failed to protect the forest land from being developed indiscreetly, making
it difficult to conserve and develop the forest land in an efficient way. A major question in forest land manage-
ment is how to integrate economic use activities with the supporting ecosystems to maximize performance
of the ecological-economic system. In order to promote sustainable use of forest resources, and to achieve
efficient forest land management, it is prerequisite to evaluation on forest resources of natural ecosystems.
Quantitative measures are needed that signify how necessary the services and products of forested ecosystems
are to human endeavors. In this study, the natural wealth provided by forest land was quantified based on
emergy synthesis. Emergy is a universal measure of real wealth of the work of nature and society made on
a common basis. Thus, Calculations of emergy provide a basis for making choices about environment and
economy following the general public policy to maximize real wealth. The goals of forest land management
to achieve balance between the ecology and economy of its integrated system and to foster equity among
the diverse outcomes of the forest land were assessed with emergy. Emergy was demonstrated to holistically
integrated and quantify the interconnections of a coupled nature-human system allowing the goals of ecological
balance and outcome equity to be measured quantitatively. Doing so will provide a better understanding of
the basis of forest land wealth and the consequences of management decisions.

Key Words : Forest land, Development and conservation, Sustainable use, Emergy synthesis

Corresponding Author : Nam-Kook Kim, Center for Envi-
ronmental Policy, University of Florida, Gainesville, FL
32611, USA

Phone: +1-352-392-2461

E-mail: nkkim@ufl.edu



306 = .

1. B

SeUE FEY 65%7) AR 2 FAPH Aop
Me, 2AE o & - stz S AE} BA
stazl sk =o] 33 YA ZEBAE &
A gt ol 2SBASGE A2 AxE B
Zlete ARE Y8, D=3, ARy Z4
o AP#Y7 FAol HUL, FEALO TN
AABHE YA HYT 12 Q) AAEE B
Aol g7he] RAFA HAY A9 Wi B
Tol E&FoZ gAY 5 AT W AntH
?l FEA Y E olMe] ARo] &7 BAL 7}
s5o] gk

olgh @] Ao g AkBF a7e} aE F
AsA wgstn Aok TAe) meg) - A3} =
Aol wet Ao dg EAMNE $27 Zstn
Q3L F5Y TFA S} FNAS Zvlo] e AL
& A% FA7 53 Ytk ole) whe} TA] Fw o)
AAE FAoz AFAL $87) A&H o g
U ek

AR o) Qg Adast gl SR E 24
02 agesaxe 4x 24T A Rty
T Uk REYFA S eAtx 7S 7, 4] A
TS I8 AAVARA D FY5, 54 2 o)
717338 7%, AEFY 9d 5 Sdskn Qs A
X9} FAH 740 HlFo] & u), A 2} BAs
E A 84RAA o Mtto] ol AAH
BEEZANNE Bad FAolh

olgh Zo] e FelZ Zvhstm U= AN
B o o)]g4ad BANQAS FHow 589
F A7) AAAE, A4 2 AFAGAS T
FEL AAET AL 2 A o)Se] Ui Y 7}
g AY3) B4, Pristd gelHoz wa, o]
staAl st mgo) a7HTh bElA AEA 74
849 G AAE ol oW A AAS AY
3 QEAES ANt AR FAH X E FE3
B7HE 4 e AE uhge) "Wad Ao,

AFAA FWHAA $8E A 7% D 7}x
of g A7) A, A 2 Ax9 XS 5
742 Brlstd Brtde AN AT o] 43
=}k g R g 4 BAE Y glon, J
U e} B trHRES A28 Y8iA oy

A4o) - uHE ) - oM &

Eolth. FAlE g7t 9F
Aztet 849 3Eo digt A& AFSAT S
g A4 Asel 898 A% 48 Fgo] w3
= =the 3ot Fig 16X} o] Ae)A §5
dA gee Adarde] AFA de Ag) &9
o2 Agd w21 g 23HETE 7]A o
ADES FAZlE AIGAY ZE & 7140 v
AAA & A HAAIL 9lor, dA Aie AT
AR F 78 4 JrFE Rl s o)
A Z7EX 7 i A AT LS FA38 ) A8 e
I e gA §98 AFEr] AN Y3 e
AR A2 s AANA FA3F] WA=
th g = ALE gl REA A Y FAZ A}
L= A% $8 9 A AE Aoldde Aol Axn
Ae ZE A2FQ 7IAE 1t IR Eue
AL fdsior g

g vlo} Zo] 159 AR JIXE dHz=
HRAHE AAF o] &S 9% o) & uige
3 HFHo gon, 1AE o] &3 Holw X
B3l ¢1zhe] A& o] AWWillingness to pay)dl] <} $F
A A 7ExH e o3 o]Fo]x Fr}. o= <)
ALE O 7]t A Y] 71q7EAE AU E Ho)
3tA Biro 2 M, WAT A 7FA ¢ 3 Folok
HEHE EE A 4TS AU AR ¥
3} 2R BRE A o]9® FolE 4 Wl gloh

o ) A (Emergy) 7N'd2 AFANANA Lot}
= R 2 Ede 353 astayg Bk ohsg,
Azt {718 A3 BAE HetF ol HAFHo
2 9o 5= e AHA 7HXE Adez, <3
7hA Aulay YAAES Bes B0 JF o
i PR oju] AR 3 FFH o] &7

oy

Economic methods only value

this money flow: \

Goods, Services,

Fig. 1. Energy systems diagram of forest and the economy.



ol W X (Emergy) 7H'd-& o8& HA7IA 9 AF3le] B3 AF 307

AqIA"E FolEth A 93 Q7AA
Z5< v AladeM T3 71X 7 v
A=A Mg B AFAE o) g
AHEE I QL) AF7HA FU oA o] Fo

A Age) 8 2 APAFEE Odum 5770
7k AY, BA o thekgk g A 2wl o
¢ 75 FYsFoH, IWdME $Eitee]
AARRT AAGE, £, ALZRA, G EE,
olBtE Ad Bl 5 A8 EAL ] stXg 7}, Al
WAL o] He-n BT, BA58E Hrl, A
¢t F7h Sl HEHA

ol Z ui At A B AT AQ8 ] 44F
A 7HAE B 4 Qe A A NG o) &3,
OlE 712 Z Q17 9ste] FPH A9 AAA,
53, ¥4 71X $9 7 (instrumental) 7}]
ool A E-ef(intrinsic)e] 7}x)o] I AFss
AAszt T ol# g olw A AFL o] &3
A AX S AFA FIHE BAA LPdE 9= o
AR e Tl F 71Fel g Ade & 5 S Ao
2 gdEd.

r\orﬁﬂlall
2 o
g H 2 pe

ol

2. g 3 9y

2.1. Ofi4X] AJAE Clojoja

A=A B4 AL AA A GAE Y= 5 3
o 1A BAE LA de AAHS o) 84 E
o] FAJNAL IEIL o]HF 2425 YA dZ
ol 9l 718 gpetste RoAM Aladith =, Alx
B FAHRAEH o5 Alolo] Yojuhi= o9}
B2 558 Boste Aotk oviR HA Yol A
= o 35S BAG A e AaRle 4R
E3} o) E Atolo) A BAE SWH v o] 3
oJH o x] Al2~E] ¢1o](energy systems language)6)
e 71 ES o83t Addor ey, o
g B3 AA A=Y f718Q #AE FHH e
2 9o £ IEE sEoh

oA A|2F] toloj1i e A AL vhie
GAR o]FolAtt 1dAAAME EXUY A2F
o] FAE HATH 28AE Al&RQ] AA &7
A g AlxEe S PAE RE 845S b
ottt 3dAl e BA U AAH e R e 5
8 FALEE Foste GA oM, 48A A= o]
g 7859 R dquALS ddse F8 3
B(EE #3)S Hogith a7 A A R
AR L} W FHeLE HHT AR wi) 8}
ol2E AdATEN A A|&F] troloja
chitsy

22. GiHX| 2ME

A2 AU F HA dAdAME A A &
A A A7 AU A Al2F] tholo] 1Y & o] 88
of omA) BAEE A3t o) & 8 24 o
AlzEe] F=o § 2 FF A2 g A R
o F8 TAAEA i AoZ o] A3
drEo 2 A FAEE th Table 17} 22
Fel 2 AAHT

A A Eolle i A2 AA8H T FA
2dFS FA%E 479 F8 dqUALE 7Y
ok 7 WA Folle 4 FEY T8 dux|do] 7R
= AZFHRA AURAJh), EA(Glyr), EE 39
(Wyr) ©919 3 2F A4 2 297E o
B3t AR A WA Gelle 2 oA g g
g B gAY A HBE G 71t vl A Gl
= F A €9 Fa duAde] tAe AAAHQ
kol Al WA Eo] g HBEE §3t A
A w3 AT O WA delle 4
A e WA FE o v A]-3}H ¥] E(Emergy
Money ratio)& }-o] 73+ ko2, Z} FE o of v
AFE st g vhro] vebd gholtt. o] F A
AdHE v A BEAZE A HA DA A AlAH
AAZ Brista §A4E weotstr] 9% JHA A
F(emergy indices)?] A4to] o] &3t}

to K

e

Table 1. Template for inventorying and weighting resource inputs and outputs in emergy synthesis

1 2 3

5 6 7

Note Item Energy Data

Units
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(Em¥/yr)

Transformity
(sej/unit)

Solar Emergy
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Yield

Renewabifity = RAR+N+F)
Empower Density = (REN+F)aren

Emargy Yield Ratio = Yi¥

Emergy investmeat Ratio = RN}
Emergs Loading Rutio = (N+FYR
Emergy Sustainabitity Index = EYR/ELR

Fig. 2. EMERGY based indices, accounting for renewable
Emergy flow(R), flow from indigenous nonrenewable
reserves(N), purchased inputs from outside the sys-
tem(F), and yield from system(Y).
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Table 2. Emergy synthesis table of resource and economic flow of forestland in Korea, 2003

Note Item Energy Data  Units Tra(x;zj.f;)ul':lrl}i;y So(lgrz(f r:;;gy Emrz%nrﬂ;#\)]alue
ENVIRONMENTAL ENERGY SOURCES
1 Sunlight 2.39+E20 J 1.00+E00 24 1.95+E11
2 Wind 227+E17 ] 2.45+E03% 5.6 4.53+E11
3 Rain, chemical 3.62+E17 J 3.05+E04% 110.6 9.02+E12
4  Rain, geopotential 1.28+E17 I 4.70+E04” 60.2 4.91+E12
5  Transpiration 1.74+E17 J 4.80+E04” 83.3 6.80+E12
6 Earth cycle 6.41+E16 I 5.80+E04% 37.2 3.03+E12
IMPORTED ENERGY SOURCES
7  Costs for forest recreation 1.42+E12 W 1.23+E09” 17.5 1.42+E12
8 Visitors, length of stay 5.04+E14 ] 8.90+E06” 44.8 3.66+E12
9 G&S for forest management 1.06+E12 W 1.23+E09" 13.0 1.06+E12
INTERNAL PROCESSES
10 NPP, total live biomass 6.77+E18 I 4.70+E03% 3182 2.60+E13
11 Wood accumulation 3.13+E17 J 1.60+E04° 50.0 4,08+E12
12 Litterfall 5.16+E17 J 1.50+E04° 774 6.32+E12
13 Rock weathering 1.44+E06 g 3.80+E09 0.0 4.46+E06
14 Tree diversity 119+F02  smdes  3.30+E13° 0.0 3.20+E06
EXPORTS
15 Stream discharge 2.72+E17 J 3.20+E049 87.1 7.11+E12
16 Timber production 1.38+E15 I 7.00+E04" 1.0 7.88+E10
17 Recreated people 5.04+E14 ] 2.40+E07Y 120.9 9.86+E12

References for Transformity a) Odum and M.T. Brown, 2000, b) Calculated in this study, 2006., ¢) M.T. Brown
and E. Bardi, 2001'”.,, d) D.R. Tilley and W.T. Swank, 2003,
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Table 3. Emergy indicators and indices for forestland values in Korea, 2003

Item Name of Index

Expression Quantity
1 Renewable emergy flow (sej/yr) R 1.48E+22
2 Flow from indigenous nonrenewable reserves (sej/yr) N 4.46E+22
3 Flow of imported emergy (sej/yr) F 7.53E+21
4 Total emergy inflows (sej/yr) RAN+F 6.69E+22
5 Total emergy used (sej/yr) U=R+N+F 6.69E+22
6 Renewability (% Renew) R/U 22.09
7 Emergy Investment Ratio (EIR) F/(R+N) 0.1
8 Environmental Loading Ratio (ELR) (F+N)/R 35
9 Emergy Yield Ratio (EYR) U/F 89
10 Emergy Sustainability Index (EmSI) EYR/ELR 25
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Fig. 5. Ratio of resources that contribute to emergy.
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Footnotes to Table 2

ENVIRONMENTAL ENERGY SOURCES

1 Sunlight:
Forest land area of Korea =
Albedo
Insolation at ground
Energy(J)

Wind

Forest land area =

Density of Air

Avg. annual wind velocity
Geostrophic wind

Drag Coefficient
Energy(J)

Rain, chemical potential
Forest land area
Rainfall

Evapotrans rate =

Gibbs free energy
Energy(J)

Rain, geopotential

Forest land area =

Rainfall

Average Elevation
Mean Runoff
Runoff Rate
Energy(J)

5 Evapotranspiration
Forest land area =
Mean E-T
Gibbs free energy
Energy(J)
6 Earth cycle
Forest land area =
Heat flow
Energy(J)

REFERENCE

6.41E06ha FHHE, 2005
= 0.17 o], 2001
= 4.49E09)/m*/yr 71743, 2003
=(area)(avg. insolation)(1-albedo)
=(6.41E10m’)(4.49E09)/m*/yr)(1-0.17)
= 2.39E20J/yr

6.41E10m”
= 1.30E00kg/m’
= 2.21m/sec 7147, 2004
= 4.42m/sec o]d3, 1987
= 1.00E-03

=(arca)(air density)(drag coefficient)(velocity)®
=(6.41E10m”)(1.3kg/m*)(1.00E-3)(4.42m/scc)’(3.15E07seclyr)

= 227E17)/yr

= 6.41E10m”

= 1.91m/yr 7123, 2006
1.14m/yr  (est. as 60% of tot. rain) TI7ZE, 1974

= 4.94E03J/kg

=(area)(evapotrans)(Gibbs no.)
=(6.41E10m’)(1.14m/yr)(1,000kg/m*)(4.94E03J/kg)
3.62E17)/yr

6.41E10m*
= 1.91m/yr 7143, 2004
= 255.94m A=, 2005
= 1.1lm/yr  (est. as 58.2% of rainfall) HAFHHSHY, 2004
= 0.42 (%, given as a decimal )

=(area)(rainfall)(runoff rate)(avg. elevation)(gravity)
=(6.41E10m*)(1 91m/yr)(0.42)(1,000kg/m>)(255.94m)(9.8m/sec’)
1.28E17J/yr

Il

6.41E10m*
= 548.33mm/yr = HA7 8, 2004
= 4.94E03]/kg

=(area)(evapotranspiration)(Gibbs no.)
=(6.41ElOmz)(548.33mm/yr)/(1,000mm/m)(1,000kgm3)(4.94E03J/kg)
1.74E173/yr

6.41E10m*
1.00E06J/m*/yr
=(area)(Heat flow)
=(6.41E10m)(1.00E06J/m”/yr)
6.41E16J/yr

Odum, 1996

Miller, 1964 quoted by Kras, 1972
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IMPORTED ENERGY SOURCES
7 Costs for forest recreation
Costs for forest recreation = (Vistor number in forest)(forest recreation costs)
= 1.42E12 won/yr PFET4, 2003

8 Visitors, length of stay

no. of forest recreation visitors = 3.71E07 vis./yr AAdAF4, 2003
mean length of stay = 31.2 hrivis. LA, 2003
Energy(J) = (no. of forest recreation visitors)(mean length of stay)
= (3.71E07vis./yr)(31.2hr/vis.)(104kcal/hr)(4,1863/kcal)
= 5.04E14 J/yr
9 G & S for forest management
Expenditure = 1.06E12 ¥ A, 2004
INTERNAL PROCESSES
10 Net production of live biomass
Roots+wood+leaves = 7.21E04 kg/halyr dAdaFL, 2003
Forest land area = 6.41E06 ha FHR, 2005
Energy(J) = (NPP)(area)

(7.21E04kg/ha/yr)(6.41E06ha)(1,000g/kg)(3. 5keal/g-dry wi)(4,186J/kcal)
6.77E18 J/iyr

11 Wood Accumulation
Net accumulation
Forest land area
Energy(J)

3.33E03 kg/ha/yr AHd A, 2005
6.41E06 ha TEH, 2005
(net accum.)(area)
(3.33E03kg/ha/yr)(6.41E06ha)(1,000g/kg)(3.5keal/g-dry wt)(4,186]/kcal)
3.13E17 Jiyr

nou

12 Litterfall
Net Accumulation = 5.50E03 kg/ha/yr A A, 2006
Forest land area = 6.41E06 ha FHH, 2005
Energy(J) = (Litterfall)(area)
= (5.50E03kg/ha/yr)(6.41E06ha)(1,000g/ke)(3. Skeal/g-dry wt)(d,186)/kcal)
= 5.16E17 Jiyr
13 Rock weathering
Erosion rate(Sediment lost) = 1.44E06 g/ha/yr A8, 2005
14 Tree Diversity
Tree Diversity = 119 Species AHAA, 1999

EXPORTS
15 Stream discharge

Forest land area = 6.41E10 m? A, 2005
Runoff = 0.86 m/yr S A8, 2004
Gibbs free energy = 4.94E03 J/kg

Chemical Energy(J))

(area)(runoff)(Gibbs no.)
= (6.41E10m*)(0.86m/yr)(1,000kg/m>}(4.94E03J/kg)
= 2.72E17 Jiyr

16 Timber production
Production of forest products

Energy(J)

1.47E06 m*/yr FEHE, 2005
(1.47E06m’/yr)(5.00E05g/m’)(4. 5kcal/g)(4,186]/kcal)
1.38E15 Jiyr

[T

17 Recreated People
Recreated People = 5.04E14 J/yr
Same energy as visitor's length of stay above (#8)



