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Abstract We ain to denonstrale a nev sustainable d evelopm ent index for em ergy footprint and em ergy carrying capacity fran calailatons canbining the
anergy analyses with the ecological footprintm odel and the con cept of basic sustainability W e calculted the natonal average em ergy footprint and an ergy
carrying capacity in China and Korea fran 1980 to 2006. Our resuls shoved that the per capita em ergy carrying capacity in China dopped fran 2. 7362
hm? i 1980 to2 0547 Im? in 2006, whereas the per capia en ergy footprint increased from 1. 7715 hm? to 5. 7903 hm? during the sane tine period The
resulls ndicate that since 1987, Chinahas been unning an eco bg ical deficitwhich has been increasing every year The national average eanergy botprint
and carrying capacity in K orea showed s ikr trends to hose in China based on our cakulations The per capita emergy cany ing capacity in Korea
dropped from 3 1871 hm? in 1980 © 2 5271 hm? i 2004 while the per capita energy botprint increased fran 1. 1339 hm? © 4 2419 hm? during he
sane period. The eco bgical deficit inK orea has been increasing w ith small fluctuations since it fist appeared n 1992 W e concluded that China can
hardly meet he requiran ent of basic sustamabiliy for fist economic development while Korea may be able to meet the requirement for sustainable
development
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6 2006 — 3 7356hm”. 1992
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2 — 1 7147hm’. 34 ,
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1980 2 7362hm’ 2006 ,
2 0547hm’, , 1980

L 7715hm’ 2006 5 7903hm°, 1987
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Table1 Calcultions brenergy Hotprint and anergy carrying capacity n China ( 2004)

Types of energy Rav Data/] T ransom ity /(Se J= ') Total em ergy /Sej peEr:n;:pI%ySej La;zmcip(;l}};:;lly
p=13104%x10"(Sejm= % a ')
9 53 x 103 7.33x 1014 2 3611
9 53 x 103 7. 33x 1014 2 3611
5.97x 1072 1 397 x 102 4. 59x 103 0 1480
3. 03x 10" 18199 5351x10% 4. 24x 101 1 3667
8 86x 10" 10488 9 29 x 103 7. 15% 10 2 3030
5. 84x 10" 1496 8 74 x 102 6. 72x 1013 0 2165
1. 39x 10" 34377 4 78 x 107 3. 68x 104 118343
1. 39x 108 16842 2 34 x 102 1. 80x 10" Q 0580
1. 05x 108 30550 321 %102 2 47x 1083 0 0795
P, =992x10°(Sejm=% a )
6 63 x 10% 5. 10x 107 3 1383
345x10* 2. 65x 108 2 6722
1 25x10% 9. 64x 10'* Q 9719
1 4 02%10% 3.09x 10" 0 3119
11 5. 04x 108 35900 1 81x10% 1. 39x 10'* 0 1403
12 3.20x 107 690000 221%x103 1. 70x 10" 0 1714
13 8 191016 2700 221 x10% 1. 70x 10'"! 0 0002
2 7. 83x 107 690000 3 40x 103 4. 15x 10 0 4186
3 1. 19% 10" 1900000 226 % 102 1. 74% 10" 0 1755
4 2 68x 107 84900 2 28 x 102 L 75 10" 0 0177
5 2 31x 108 27000 6 22 x 102 4. 79x 1013 0 0482
2 10x 103 1. 62% 10" 0 1630
6. 61x 107 34900 2 31 x 102 1. 78% 103 0 0179
3. 53x 107 530000 1 87x10% 1. 44x 104 0 1451
1 53 x 10% 1. 18x 10" 1 1874
1 3. 34x 107 3170000 1 06 x 10% 8 14x 104 0 8198
2 1. 09x 107 1700000 1 85x10% 1. 43% 10" 0 1437
3 1. 25x 107 2000000 2 51x103 1. 93x 10'* 0 195
4 8 61x 1013 4400000 379 x 102 2.92x 103 0 0294
4 51x10% 3. 47x 101 0 3500
2.26x 107 2000000 4 51%x10% 3. 47x 10" 0 330
302x10% 2.32x 107 2 3423
5. 84x 10" 39800 2 32 x 10% L 79% 10" 1 8013
7. 36x 108 53000 390 x 107 3. 00x 104 0 305
1. 59x 10'8 48000 7 64 x 102 5. 88x 103 0 0592
1. 45% 10'8 159000 2 31x103 1. 78x 10' 0 1793
159000 0 0 0
1. 27x 108 159000 2 02x10% 1. 56x 10" 0 1569
1. 82x 107 159000 2 89 x 102 2.22x 1013 0 024
1 60 x 103 1. 23% 10" 0 1238
2 41x 107 660000 159107 1. 22x 104 0 1234
8 81x 1013 1800000 159 x 10% L 22x 10'! 0 01
2 13x 1014 1800000 383 x10%® 2. 95x 10'! Q0 0003
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Tabk 2 Emergy botprint and energy carrying capacity of China andK orea fran 1980~ 2006
Y ear Carrying capacity Emergy botprint Em ergy Carrying capacity Em ergy botprint Em ergy
per cap /hm? per cap /lm? Deficit/hm? per cap /hm? per cap/hm? Deficit/lm?
1980 2 7362 1. 7715 Q 9647 3. 1872 1 1339 2 0533
1981 2 6989 1. 8322 Q 8667 3. 1379 L 1618 L 9761
1982 2 6598 L 6393 L 0205 3. 0898 L 2078 1 8820
1983 2 6351 1. 7364 Q0 8987 3. 0446 1 4042 1 6404
1984 2 6069 1. 8403 Q 7666 3. 0072 1 4543 L 5329
1985 2 5515 2. 4437 Q 1078 2.9777 1 5448 1 4330
1986 2 5515 2. 4437 Q0 1078 2.9483 1 7763 L 1719
1987 2 4710 2. 5454 -0 0744 2.9194 2 0014 0 9179
1988 2 4326 2. 5817 -0 1491 2. 8910 2 1109 0 7800
1989 2 3964 2. 7517 -0 3554 2. 8625 2 2588 0 6036
1990 2 3622 2. 9050 - 0 5428 2. 8344 2 4858 0 3487
1991 2 3318 29640 -0 6322 2. 8065 2 6579 0 1486
1992 2 3050 3. 0030 -0 690 2. 7775 2 8958 -0 1183
1993 2 2788 3.2194 - 0 9406 2. 7494 2 7769 - 0 0275
1994 2 2535 3.4325 -1 1M1 2. 7219 3 1660 - 0 441
1995 22298 3.7253 - 1 4%4 2. 6946 3 4244 -0 7298
1996 2 2067 3.7332 - 1 5265 2. 6691 3 6548 - 0 987
1997 2 1847 3. 8406 - 1 6560 2. 6442 3 8246 -1 1804
1998 2 1648 3. 8001 -1 6354 2. 6251 3 5634 - 09383
1999 2 1471 3. 6331 - 1 480 2. 6066 3 8252 -1 2186
2000 2 1309 3. 9864 - 1 8555 2. 5849 3 9339 - 1 3490
2001 21162 3.9395 -1 8233 2. 5660 3 9554 - 1 385
2002 2 1026 4. 2163 -2 1137 25519 4 3729 - 1 8209
2003 2 0900 4. 6007 - 25108 25394 4 3729 -1 8334
2004 2 0777 5. 1383 - 3 0606 2. 5271 4 2419 - 17147
2005 2 0655 5. 5069 - 3 4414
2006 2 0547 5. 7903 -3 7356
3 6 (1980~ 2006)
Tabl 3 Emergy footprintand its canponents in China fran 1980~ 2006
Emergy botprint per cap /lm?
Year Fm.ergy camy ing .
oatl Amble Forest Pasture W ater Fossil Builtup capacily per cap /hm
1980 L 7715 0. 4661 0. 0328 Q 1905 Q 0423 1. 0058 0. 0340 2 7362
1981 1 8322 0. 5252 0. 0317 0 2164 0 0427 0. 9784 0. 0378 2 6989
1982 1 6393 0. 2441 0. 0316 Q 2562 Q 0471 1. 0180 0. 0423 2 6598
1983 1 7364 0. 2633 0. 0342 Q 2670 Q 0494 1. 0739 0. 0486 2 6351
1984 1 8403 0. 2689 0. 0393 0 2831 0 0555 1. 1452 0. 0483 2 6069
1985 2 4437 0. 6834 0. 0403 Q 3527 Q0 0618 1. 2552 0. 0503 2 5515
1986 2 4437 0. 6834 0. 0403 Q 3527 Q0 0618 1. 2552 0. 0503 2 5515
1987 2 5454 0. 6852 0. 0450 0 3%4 0 0811 1. 2870 0. 0528 2 4710
1988 2 5817 0. 6296 0. 0435 0 4361 0 0887 1. 3271 0. 0567 2 432
1989 2 7517 0. 6128 0. 0433 Q 4537 Q 1991 1. 3818 0. 0610 2 3964
1990 2 9050 0. 7033 0. 0423 Q 4856 Q2033 1. 4062 0. 0643 2 362
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3
Emergy Hotprint per cap /Im?
Year Emergy camy ing
oatl Amble Forest Pasure W ater Fossil Builtup capacity per cap /hm?
1991 2 9640 0. 7213 0. 0458 Q 5295 Q 2050 1. 4000 0. 0626 2 3318
1992 3 0030 0. 6831 0. 0494 Q 5607 Q 2252 1. 4102 0. 0654 2 3050
1993 32194 0. 7774 0. 0556 Q 6270 Q 2428 L. 4414 0. 0753 2 278
1994 34325 0. 7729 0. 0608 Q 7284 Q 2676 L. 5150 0. 0878 2 2535
1995 37253 0. 8044 0. 0680 Q0 8346 Q0 2952 1. 6260 0. 0970 2 2298
1996 37332 0. 7891 0. 0715 Q 7718 Q 3461 L. 6593 0. 0955 2 2067
1997 3 8406 0. 8042 0. 0740 Q 8544 Q 3822 L. 6276 0. 0983 2 1847
1998 3 8001 0. 8297 0. 0754 Q 8950 0 3959 1. 5013 0. 1028 2 1648
1999 3 6331 0. 8338 0. 0799 Q 9097 Q 4102 1. 2990 0. 1006 2 1471
2000 3 9864 0. 8890 0. 0773 Q 9562 Q 4222 L. 5326 0. 1091 2 1300
2001 39395 0. 9003 0. 0804 Q 9935 0 4315 1. 4004 0. 1335 2 1162
2002 42163 0. 9058 0. 0823 1 0429 Q 4436 1. 6008 0. 1408 2 1026
2003 4 6007 0. 8675 0. 1549 1 1161 Q 4563 L. 8597 0. 1461 2 0900
2004 31383 0. 9719 0. 1633 L 1874 0 4734 2. 1630 0. 1794 2 0777
2005 3 5069 0. 9983 0. 1709 L 2799 Q 4960 2. 3631 0. 1987 2 0655
2006 5 7903 L. 0236 0. 1841 1 3386 Q 5094 25193 0. 2154 2 0547
4 6 (1980~ 2004)
Tablk 4 Emergy footprint and its can ponents in Korea fran 1980~ 2004
Em ergy Hotprint per cap /hm?
Year Emergy camying
btal Amblk Forest Pasture Water Fossil Builtup capacity per cap/hm?
1980 1 1339 0. 0545 0. 0029 0 2868 Q0 1353 0. 4969 0. 1575 3 1872
1981 1 1618 0. 0549 0. 0031 Q0 285 Q 1554 0. 5064 0. 1555 3 131
1982 1 2078 0. 0545 0. 0031 Q 3573 Q 1439 0. 4971 0. 1519 3 088
1983 1 4042 0. 0604 0. 0028 Q0 4639 Q 1497 0. 5169 0. 2054 3 0446
1984 1 4543 0. 0603 0. 0027 Q 4689 Q 1541 0. 5429 0. 2254 3 0072
1985 1 5448 0. 0599 0. 0025 Q 4974 Q 1627 0. 5519 0. 2704 2 9771
1986 1 7763 0. 0637 0. 0025 Q 5847 Q 1900 0. 5765 0. 3589 2 9483
1987 2 0014 0. 0729 0. 0023 Q 6802 Q1713 0. 6109 0. 4640 2 91%
1988 2 1109 0. 0759 0. 0028 Q 7281 0 1634 0. 6961 0. 4446 2 8910
1989 2 2588 0. 0695 0. 0030 Q 7637 Q0 1673 0. 7446 0. 5107 2 8625
1990 2 4858 0. 1485 0. 0029 Q 7549 Q 1596 0. 8567 0. 5632 2 834
1991 2 6579 0. 1490 0. 0023 Q 8257 Q 1436 0. 9673 0. 5700 2 8065
1992 2 8958 0. 1646 0. 0024 Q 942 Q 1566 L. 1011 0. 5671 2 7775
1993 2 7769 0. 1542 0. 0023 Q 6686 Q 1615 1. 2030 0. 5873 2 74%
1994 3 1660 0. 1663 0. 0024 Q 9473 Q 1666 1. 3084 0. 5750 2 7219
1995 34244 0. 1741 0. 0024 1 0203 Q 1589 1. 4109 0. 6578 2 6946
1996 3 6548 0. 1743 0. 0026 1 0835 Q0 1526 1. 5302 0. 7116 2 6691
1997 3 8246 0. 1811 0. 0028 1 0828 Q 1510 1. 6674 0. 7394 2 6442
1998 35634 0. 1636 0. 0028 Q0 9647 0 1311 1. 4501 0. 8513 2 6251
1999 3 8252 0. 1584 0. 0031 1 0032 Q 1336 1. 5616 0. 9652 2 6066
2000 39339 0. 1647 0. 0033 Q 9976 Q 1144 L. 6414 L. 0126 2 5849
2001 3 9554 0. 1526 0. 0031 Q 9776 Q 1204 L 6718 1. 0298 2 5660
2002 4 3729 0. 1527 0. 0035 1 2273 Q 1453 L. 7340 1. 0059 2 5519
2003 4 3729 0. 1616 0. 0032 L 0992 Q 1476 1. 7530 1. 2083 2 53%
2004 42419 0. 1513 0. 0040 Q0 9658 Q1121 1. 7824 1. 2264 2 5271




10 : 1980~ 2006 2237

, ) , 1990

) ( . 1980 1985

2

4 (D iscussbn)
2 2
( ) . (1980 :

~ 2006 ) (1980~ 2004 )

, ( 12 @ 1998 : , ,
; @ 20 80~ 90
7.00

% sl —o NSRS i

< —a— NIRRIH R i

3 o NSRRI i

-3

=

l}."% 2

3

X

i

o

= ’

0 S LA 1 O (O R [ (005 RO 8 00 S L ) O P (SN O VY O S0 |01 A [P R
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006
i > ’
Bl hEAMGEEASEN AHEERTMANENTREE
R 15 (1980 ~2006)

Fig. 1 Emergy carrying capacity per capita, emergy footprint per ’
capita and emergy footprint per capita of biological ?
resources for China from 1980 ~ 2006 (p ) ’

SO AR )

§, WO —a— NSYREAE I

£ 400 - —a— NG IR AR i

= 350

T a0 [P ,

@ 55|

= 2.50 ,

?_ 200

5 1.50 F

g o0 f

2 ’

0.50
() =3 | e (A R ) TS S VS N TS G G S  FONNE: (O RS VNS SO 'S O S B | 2
1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004
M
3

H2 SEASRERENTAHEEERISE(1980 ~2004)
Fig. 2 Emergy carrying capacity per capita, emergy footprint per
capita and emergy footprint per capita of biological

resources for Kaotea fram! 1920142004 1



2238 29
( ), . ,
, (W ackemagel et al , 2002),
) ( ) ,
100 , 100 ) )
80 ,
20 2 2
20 , )
( , 2003): >
( )
).
CRR (1973—), L, BIHE, EENFLES
5 (Conc lisbns) B BEESETEFR.

, (References):

AyresR U 2000. Canmentary on the utility of the ecolbgical Hotprint
concept [ J]. Ecobgical Econanics 32 347—349
B Bastiononi § M archettini N, PanzieriM, etal 2001 Sustainability

assessnentof a faim i the Chianti, area ( Italy) [ J]. Joumal of



10 : 1980~ 2006

2239

Cleaner Production 9 365—373

Bastianoni S M archettini N 2000. The problm of co-production i
envionmental accounting by emergy analysis [ J]. Ecological
Modellng 129 187—193

Brown M T, Buranakam V. 2003. Emergy indices and ratios br
sustainab le m aterial cycles and recycle options Resources [ J].
Conservation and Recycling 38 1—22

BrownM T, U lkiatiS. 1997 Emergy-based ndices and ratios to evaliate
sustainability  monioring econan ies and  technobgy toward
environm enta lly sound mnovation [ J]. Ecobgial Engineerng 9
51—69

Brown M T, UltiatiS 2004 Energy quality emergy, and transbm ity
H. T Odum § contrbutions © quantify ng and understanding systems
[ J]. EcologicalModellng 178 201—213

Carton W. 1986 Carrying capacity and the Im its o freedan [ C]. I
Pap er prepared for Social E cobgy Session 1 XIWorld Congress of
Sociobgy, Intemational SocbbgicalA ssociation, Nev D ehi 68— 75

Costanza R 2000. The dynan ics of the ecological botprint concept|[ J].
Ecobgical E conanics 320 341—345

R R , . 2005
[J] , 21

(11): 1—6

Dong X B, YanM C, Dong Y, etal 2005 Emergy evaluaton of the
coupling effects of ecobgical econan ic systems of wo selected
counties in the eco-tone bew een agriculure and pasure n theNorh
Chma [ J].
Engineering 21(11): 1—6 ( in Chinese)

Transactions of the Chiese Society of Agriculural

Ferguson A. 1999. The bgical foundation of ecobgical botprints [ J].
Envionment Devebpment and Sustainability, t 149— 156

Germhens—Leenes P W, Nonhebel S 2002 Consumption pattems and
their effects on land required fr food [ J].
42 185—199

G bbalFootprintN ework 2007 G bbal FootprintN et otk 2007 Annual
Report [ OL]. http //www. botprintnework org/en/index php/

E cobgical E conan s

GFN / page/publications /R eports
Huang S L 1998 Uban ecosystans energetic hierarchies and
ecobgical econan ics of Taipei metwopols [ J]. Joumal of

Env tonmen talM anagement 52 39—51
Hunter C. 2002 Sustainable toursn and the burktic ecological footprint

[J]. Enviooment Devebpnent and Sustanability, 4 7—20

1992 , [M].
, 266— 286

LanS F 192 Emergy Analyss of Ecobgical Econan ics System, i
Lectures n Modem Ecobgy [M]. Beijng Chia Science and
Technobgy Publishing Press 266— 286( in Ch nese)

Lefroy E, Rydberg T. 2003. Emergy evaluation of hree cropping systam's
in southwestem Australia [ J]. Ecological M odelling 161:
195—211

LenzenM, Murray S A. 2001 A modified ecological Hotprint method
and is application o Australia [ J]. Ecological E conan ics 37:
229—255

Levett R, 1998 , Feotprinting a great step foward, but tread carefully

— a reponse oM athisW ackemagel [ J]. Local Envioment 3

(1): 67—74
s R . 2006
[J]. , 26(2): 439—448

LiJ P Chen F P, Wang Z S 2006 The emergy synthesis and
sustain ability analysis of city § environment and econany [ J]. Acta
Ecobgica Sinica 26(2): 439—448 ( in Chinese)

s , . 2001
[J]. , 16( 4): 297— 304

LiS G Fu X E Zheng D. 200l. Emergy analyss for evaliating
sstainabiliy of Chinese econany [ J]. Joumal of Natural
R esources 16(4): 297—304 ( in Chinese)

LuckM, Jenerette GD, Wu ] etal 2001. Theuiban fuinnelm odel and
the spatially heterogeneous ecological botprint [ J]. Ecosystens 4
782—796

Moffatt I 2000. E cological fooiprints and sustainable development [ J].
Eco bgical E conan ics 32 359—362

M onfreda C. 2004 Estublishing national natural capital accounts based
on detailed ecobgical fooprint and ecobgical capacily assessments
[J]. LandUsePolicy, 2t 231—246

Odum E. 1989 E cology and our E nd angered L ife Support Systans [M ].
Sunderand USA: Sinauer Associates h¢ 65—76

Odm H T, Brovn M T, Willams S B 2000. Handbook of Em ergy
Evaliatons Folos 1 [M]. Flrida Gamesville USA: University of
Floridg 3— 13

Odum H'T 1988 SelfOrganization transbm iy, and infom ation [ J].
Science 242 1132— 1139

Odum H T. 1996 Envioment A ccounting Em ergy and Environm ent
DecisonM aking [M]. New Yok USA: JohnW ily 35—46

ReesW E. 1990 Sustinablk develpment and the biosphere [ J]. The
Ecobgst 20(1):

Rees W E.

18—23

1992 Ecological fotprints and appropriated carrying
capacity whatutban econan ics leaves out [ J]. Envionment and
U tbanzation 4(2): 121— 130

ReesW E. 1996 Revisiting carrying capacity Area-based ndicabors of
sustamability [ J]. Popultion and Envioment 17(3): 195—215

Roh E;, Harald R, Buibridge P. 2000. A disaission of the use of the
sustainability ndex ecobgical footprint “for aquaculture production
[J]. A quatic Living R esources 13: 461— 469

Ulgiati§ Brown M T 1998 Monitoring pattems of sustamabiliy in
natral and m ar-m ade ecosystems [ J]. EcobgicalM odellng 108
23— 36

Van den Bergh ] VeibruggenH. 1999 Spatial sustainability, trade and
ndicabors an evalation of the ecobgical footprint [ J]. Ecobgical
Econanics 29 61—72

WackemagelM, Onstol, BelloP, etal 1999. Nationalnatural capital
accounting with the ecological botprint concept [ J]. Eco bgical
Econanics 29 375—390

WackemagelM, ReesW E. 1996 Our EcobgicalFoofprint Reducing
Hunan Impact on the Earh [M]. Philadelphia USA: New Sociely
Publishers 64— 82

W.ackemagelM, SchulzN B, Deum ling D, etal 2002 Tracking the



2240

29

ecobgical overshoot of he human econany [ J]. PNAS 14 9266—
9271

W ackemagelM, YountJD. 198 The ecobgical footprint an ndicabr
of progress tovard regional sustmabiliy [ J]. Envionm ental
M onibring and A ssessnent 5t 511—529

> > , . 2000
[J]. , 20(5): 759— 765

Wan SW, Qin P Zhu H G, etal 2000. Evaliation of wo artificil
wethnds in Y ancheng Nawural Reserve China [ J]. A cta Ecologica
Siica 20( 5): 759— 765 ( in Chmese)

WCED. 1987 W ord Canmissbn on Environment and Devebpnent
Our Canmon Future [M ] Oxford UK Oxford University Press
152— 156

W orldl W ildlife Found 2000 Living Planet Report 2000 ( 2002, 2004)
[OL]. htp //www. panda org/ downloads/general/LPR. 2000.
(2002 2004) pdf

. 2003 [M].

s ’

, 98—111
XuZM, Zhang Z Q. Cheng G D. 2003. Eco bgical E conan ics Theory
and Applications [ M ]. Zhenghow Yelbw Rier Water
Conservancy Press 98— 111 ( in Chinese)
, . 200L
[J]. , 23( 6): 66—69
YanM G LiH T Chen H, etal 200l. Emergy analysis and

s ’

assessnent of main products of agriculure aninal
husbandry and fishery i China [ J].
Unwemity, 23(6): 66— & ( n Chinese)

YangH, LiY, Shen ] Z etal 2003 Evaliating waste treatment

forestry,

Joumal of Beijing Forestry

recycle and reuse n industrial systen: an app lication of the an ergy
apprach [ J]. EcologicalModellng 160 13—21

Zhao § LiZ 7Z LiW L 2003 A modifiedm ethod of eco bgical botp rint
cakulation and its application [ J]. Ecobgial M odellng 183

65— 175



