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Fig. 1 The ecological footprint of renewable resources, energy and ecological deficit of renewable resources
at different development stages
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Fig. 2 The environment and society

F1 UESBESH. ERIK. R R0 sEIREH A e fE 7R 5189 InPACTS
Tab. 1 Symbols for INPACTS model, exemplified by ecological footprints, virtual water, food safety and energy
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J& JE BN AL 2 IR MR AR A B R R T . DRIk, VR i UK BRI A 5 IPAT
Mk ImPACTS, 48 PACT 2 #& T ImPACT 25 X AH b TPAT 2% 20 B8 58 T i i) S 90 1
o RGP AP PO RE X IR R e, A b S B SR E, it 24 a
PRIV HEROIRAS s X pk 25 BRI AR (IR A VPN Bt A2 4 45 R RAR B PP« BT 1) ImPACTS
ST T R AU TR I RN T IR B FUR R T T K25 18, Ak R RS i IR B RAL &5k
S0 P A R BT Y RN A A B S A TR RE ) 23 JFHEAT 26 18, 3 T b 3R I T R R R A 2%
H bs e (5 M BR B8 0 47 M 28 g IR B FI A 2 122, 1IN 7O & X, TRz S SRR 3%
W), FEPREEFNA R Z A aa e . i T N AR AN I N R4 ), it H R4
T I N R AR IR S (R e 1, B2 S 5 PACT M R AN Z IR, MMV i%2EH, X
4 /& Budiansky A4 & #r N 1% -5 P55 5200 A8 s B TR DRI, [R SR B B A S s o —
m, AV TE RS X mo T LEAL, 1 HA G S AL IR —30 5y, R
AN mo FOBEE m B R DR DR i 1 A R 05T RN R R 2 TR A LA DG R I 0
558 8 ) P 5 21 N S35 306 PRI 1) 5 Wi A 25 B 3 9 5K T AR B o) it e AR5 1) A8 1Y) o
PR BRI NS 8 30— W0 R 7 A R 1) 28 5% G AN BE AR e 1408 o T e ek RUBE )
JL, AT I R A DA B 1) AR ) 22 R P LR A 5 i) I 1 R o
3.3 ImPACTS FXHIEER S X

T SRER S XA R, GiaEFrkE. 24E. k. i rEEe
MR 2R, ARMEE =IO VPA A S R IPIRAS, R 2 A B RIRES . XL YT AR
BTG R, oA, Wk DL SR IR ECRA R A & BRI R IRES,
F ImPACTS 253X (I = PACT/S) M5 T 1975~1999 4E 4 it 2 %8 Y % FE (IR BT i .
fRIACKE 1975 AR A 45 L B brvEAL R 1 AN HREK, 1975 4E1) HDI BARHELL A 1.
TR HDI AR AL 2 IR 1 K AR HAS AT, W AN A B, 208 s
ook, DA T Rt )4 22 SR AR S M T A R, MK HDIL JE A g S i L8 gk e 32,
JrLL¥s HDI e CAYH#E R 50 1 A1 1.2, 138 R AL it HDI Fpr AR 4k 55 By N S ER 58 52 i [i]
MERZEMRAN . 2 HDL FRERF, 3 R 50T DU/ 18, e R RO (1)
WAk, 2 BT R H ImPACTS 25U g8 3, o A SCR s 2R«
ANSCR B E 2001 ) H i HDI £ (/7515544 97 ANE ) IR UG- 545 21,
AR IR S H R WWE SCT-H A 4 2w 78 L I e 51 S .

NREAE A FES2 R I8 % L RTERUG, IX PP AR s IR I A N %/ T 1, 1 HL
B —A NP BT A SOR EFRHUT R ARG KR BLE G 1R 2 75 ZE st iy oy
T E A R B IR AT AEAR RN 2 P, e 2R R4 5 VA 45 SR e T N R (i
FIWTFI N SR RS2 R 24 A BAC R R IPINRFEE . Rlk, 3R 2 A2 plesg ma v
W 1 AR EGE VPR L, TP R B SR o B 1, 1 45 S S5 os N Zs Hu R 11
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%2 KA ImPACTS XX LIRE A ITEM
Tab. 2 Integrated impacts of humanity on the planet by InPACTS model
Index 1975 1980 1985 1990 1995 1999

[N R A8 (97 NE K EEAR) 056 059 0.62 064 067 069
FRIEAL T A SCR B R % (1975 =1) 1.00 1.05 111 114 1.20 1.23

S0 2 2 7 R F Bk (AN 20 0.93 1.01 1.06 114 1.16 1.20
PR AE SR TR (1975 =1) 1.00 1.09 114 1.23 1.25 1.29
EEm (1) 1.00 1.03 1.03 1.07 1.04 1.05
AERGE (2) 083 08 08 089 087 087

e AR 1A AREOR 1, AT 2 A O 1.2,

SN TR EIBON, KRR T AT RS PIRAS o RIS 1, s RS 8 L 1
AR HUERIA SN o A BRAZIE (1) < S TR IR RS 1 PP 4 2R . RV N
FEANTTFFEEE B L ATaE, (HAERRGEW L 56 ETHE TR GRS Kuznets #h2k)
RPN SR LEAE Wl R S0 A R (15 170 Tt o

(BT SRR X SR R BRI 5 i A A 2 i 3 P 0 i b 4 SR K Bl N IR i
KAEEIABI I CR . WATIEHER AR ARSI B AP ? (1) AR E S 2 ml 2 ek
YR e OB VLT A SRR IXAS 1) A BRAZ R A S BT ARG B il 7 L ER (1)
HRFEEE R (B ALREXS PACT AT S (B2t AT 45 R KT 1), AR AT KRG, il k]
FrREAE R ) A2 B ImPACTS S50 m 94E55; (2) A MUK TR 142
KR AT GEIR AR NI B (AR T, AE S Al (0 28 B KA AR 1 B ) AT
SeVE RPE I, NG EEam U 3 Ak 2 AR 1R AR i — 34T Ak 2 S5 . BUA 1A
HIRIARAL, SURASFEAEM, SO APRENE, RmEE . KM NEGE R e 1)
KRR Al By S AR B K A5 R S IS5«

T AR MEE AL AL S BRI RS, JCIR LR A B, i B3RS R At 2
R A LU AT 2 (A s I 5, A HERE K ImPACTS 28 300F At — A IE
ABCEARER, T2 — DRESHESE, FEIXHESE AR PRGN AR AT 1 PR S50 A i il il (1 £ EL A
Hl o SEARTT LUSE 50 PRI ) R A BR A, DRI BTN HEAR o i) S R A AZ A 2 TR U
RPRZS, Wil R 12D W9 R e (1 DG B i) L

4 GEE

(1) TR AL SR R R % R WFEAL b, 45 H N BE SR I 2 28 1 A BE R
B IR P B 7 3 ) A8 A AN A B R 2 S 8 T B A e b B R AT W S (A TRl I 4
T AR LI T HESE P S T AR S R R R . L S AT R g A 2 AL 3 U R
AR, WAL 23 A REIR) iy BESR Hh T 80 A2 3 3 BRI 0 i e — > R SR A [ ) A 2 L
e, Wt T2 RS L. FIN R AR S S LS, AT
REAEIE N T EE 4 D ZHIR I

(2) At AR (AR w1 AT T A 2 B U R B R TR AN N T AR R,
1 HLEAT ZEMARANE A BEE W (KA, DR b w) 35 Sk DA AN RE 2 x i e A RAR DL 1 1F
fro AR R KIE T . JERFEIE . Hf B RO s e AT Fr BERH 2 D Bl W 1 9% A
B 1) 05 44 ) R T AR B A DR FR e RN, P K AR L B R IS I S
AN R AE LA B> A2 AL R s v B RO R 2 A S e, SE e R T DA i
Ak 23 BRI I RE I R G2 MR ANIE N IR 550 s FR REVSI 9% (I & il Ui ], 8 B (k2> BRI
(K] 73) S AR R Bl 512 AL 2 1) L % 4 BR AR I I S A B P ) il ) S

(3) FEVHEIAET AL ORI, TF T ] ] 17 wa) 5 S PR VAR I I 8 = A B 2 ) A
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O WFFEENE: @ AT HE; © Mahi . ERAESLE. BAUK, R ambE
PSS R i) LA i BIRAT A BT WA 22 50 TPAT (K485 ImPACT SN2 )5, @A AL
RRIEMH S T ImPACTS 25 AN w] FFEEPEPEA IOMESE,  JLrhoprsgm ot s A4t 2
PRES, TR T B St A e [ Bt st VR, R m BB S0, AR
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(RIS AT APPSR ) o di i i 8 o AR SA 22 BEUSOIR A T RPN A T
PP LI S )

Buft: b EERE RS RO AR REEIT 0L, 22 MO DGR R b B R, R T ek
BRI, etk —JFEu !

SE ik (References)

[1] Wackernagel M, Schulz N B, Deuming D et al. Tracking the ecological overshoot of the human economy. Proc. Natl.
Acad. Sci., 2002, USA 99: 9266-9271.

[2] Worldwide Fund for Nature (WWF). Living Planet Report 2002. http://www.wwf-uk.org/filelibrary/pdf/livingplanet2002.
pdf (accessed 2004)

[3] Wilson E O. The Future of Life. New York: Alfred A. Knopf. 2002

[4] Rees W E. Footprint: our impact on Earth is getting heavier. Nature, 2002, 420: 267-268.

[5] Xu Zhongmin, Zhang Zhigiang, Cheng Guodong. The calculation and analysis of ecological footprints of Gansu
Province. Acta Geographica Sinica, 2000, 55(5): 607-616. [#H [, 5K:& 5, FEE M. HlN 4 1998 ST H Y
3T HUEREZEAR, 2000, 55(5): 607-616.]

[6] Rees W E. A bolt on the land. Nature, 2003, 421: 898.

[7] United Nations Development Programme (UNDP). Human Development Reports 2001, 2002.

[8] Energy Information Adminstration. International Energy Outlook 2004. 2004-5-31

[9] Daly H E, Farley J. Ecological Economics: Principles and Applications. Washington: Island Press, 2004.

[10] Costanza R, Jorgensen S E. Understanding and Solving Environmental Problems in the 21st Century: Toward a New,
Integrated Hard Problem Science. Netherlands, Amsterdam: Elesiver, 2002. [ [, K& 50 5K 55 5 25 0F. FRAF A7

B 21 AL PRI ) fri ) — AT L SR R O ST AR i Rk, 2004]

[11] Todaro M P, Smith S C. Economic Development. 8th edn. New York: Addison Wesley, 2003.

[12] Goklany I M, Trewavas A. How technology can reduce our impact on the Earth. Nature, 2003, 423: 115

[13] Pan J Z, Zhang Z Z (eds.). Allocation of Water Resources in Northern China and South-to-North Water Transfer
Project. Beijing: China Hydraulic and Hydropower Press, 2001. [ 8¢, 5K ¥t T24m. o [E b U7 b X 7K 98 96 45 B

AT ARAL W o)L AL st T KK L AL, 2001].

[14] Chen Z K. Water resources in China and the water crisis in northern China. In: The Best Lectures Given at Peking
University. Beijing: Peking University Press, 2003. [FR& I, T E KB 54K L. dEREAEVEEE. dbat: dbntk
22 AR AL, 2003.]

[15] Brown L R. Worsening water shortages threaten China's Food security. 2001. http://www.earth-policy.
org/Updates/Updatel_printable.htm (accessed 2004)

[16] Hofwegen P V. Virtual water trade--conscious choice, 2004. http://www.worldwatercouncil.

org/virtual water/documents/virtual water final synthesis.pdf (accessed 2004)

[17] Cheng Guodong. Virutal water: a strategic instrument to achieve water security. Bulletin of Chinese Academy of
Science, 2003, (4): 260-265. [ 2 [F Fi. MUK — v [E 7K B V5 22 4 0w (¥ 07 L 2% . v JRRE 272 5 B T, 2003, (4):
260-265]

[18] Xu Zhongmin, Long Aihua, Zhang Zhiqgiang. Virtual water consumption calculation and analysis of Gansu province in
2000. Acta Geographica Sinica, 2003, 58(6): 861-869. [+ [, 1, sk ak. MK i B8 ik S A8 Hlt 44 1 B
JH. 2003, 58(6): 861-869.]

[19] Xu Zhongmin, Long Aihua. The primary study on assessing social water scarcity in China. Acta Geographica Sinica,
2004, 59(6): 982-988. [T IR, e, HhIE ALK BARBUE . HhEE 2240, 2004, 59(6): 982-988.]

[20] Brown L R. Who Will Feed China: Wake up Call for a Small Planet. New York: W W Norton & Company, 1995.

[21] Jikun Huang, Carl Pray, Scott Rozelle. Enhancing the crops to feed the poor. Nature, 2002, 418: 678-684.



208 Ho B 22 60 £

[22] Brown L R. Wakeup call on the food front, 2003. http://www.earth-policy.org/Updates/Update3 1.htm (accessed 2004)

[23] Brown L R. China's shrinking grain harvest: how its growing grain imports will affect world food prizes, 2004. http:
/Iwww.earth-policy.org/Updates/Update36.htm (accessed 2004)

[24] Campbell C J, Laherrere J H. The end of cheap oil. Scientific American, 1998, March: 78-83.

[25] Daily G C, Ehrlich P. Population, sustainability and Earth's carrying capacity. Bioscience, 1992, 42: 761-771.

[26] Waggoner P R, Ausubel J H. A framework for sustainability science: a renovated IPAT identity. Proc. Natl. Acad. Sci.,
2002, USA 99: 7860-7865.

[27] Dietz T, Rosa E A. Effects of population and affluence on CO, emissions. Proc. Natl. Acad. Sci., 1997, USA, 94:
175-179.

[28] York R, Rose E A, Dietz T. Bridging environmental science with environmental policy: plasticity of population,
affluence, and technology. Social Science Quarterly, 2002, 83(1): 18-34.

[29] Budiansky S. How affluence could be good for the environment. Nature, 2002, 416: 581.

[30] Xu Zhongmin, Zhang Zhiqiang, Cheng Guodong. Theory, Method and Application of Ecological Economics.
Zhengzhou: Yellow River Conservancy Press, 2003. [fxH IR, dkiiom, FEEMR. ARG AR vk SN . BN 3
KA H AL, 2003.]

[31] United Nations Development Programme (UNDP). Human Development Reports 2003, 2004.

[32] Heckman J J, Krueger A B. Inequality in America. Cambridge: The MIT Press, 2003.

ImPACTS Identity of Sustainability Assessment

XU Zhongmin', CHENG Guodong', QIU GuoYu?

(1. Cold and Arid Regions Environmental and Engineering Research Institute, CAS, Lanzhou 730000, China;
2. Chinese Center for Desert Research, College of Resources Science, Beijing Normal University, Beijing 100875, China)

Abstract: Based on formal ImPACT identity which describes environmental impacts (Im) as a
function of population (P), affluence (A), intensity use (C) and efficiency (T), a new
“ImPACTS” identity as a framework for sustainability science was produced, where S denote
the level of social resources, m is assigned to management and I is changed from formal
environmental impacts to the trade-off between environmental impacts and development.
Finally, we demonstrate the utility of ImPACTS by performing an empirical analysis of our
integrated impacts assessment on the Earth by using existing data of Ecological footprint and
Human development index. In an attempt to analyse the relationship between ecological
footprint and social development using existing data, developed countries showed a great
advantage over developing countries in terms of energy resource use efficiency due to their
social and technological development. Global warming shows that humanity has gone beyond
the sustainable scale of the Earth. We thus suggest that every country should increase its
global share of ecological footprints within the sustainable scale of the Earth, rather than
simply decrease its ecological footprints. The reason why current analysis contradicts the
conventional ecological footprint analysis is that ecological footprint's concept simply
considers the land embodied in goods and attributes a high ecological footprint value to
high-income countries, and effects of trade on social development and in turn on the
environment have not been considered. The ecological footprint analysis ignores the effects of
development mainly in the stock of social resources on environment. The critical point in
sustainable development is to harmonize environment and development. Examples from water
shortage in northern China and China's food security and world energy consumption show that
managing and mobilizing social resources should be considered as an alternative to mitigating
human impacts on the environment and adapting to these impacts.

Key words: ImPACTS identity; social development; environmental impacts; ecological
footprint; ImPACT identity



