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Abstract; Comprehensively assessing the open eco-economic system is an important issue for the regional sustainable
development. To get rid of the shortcomings of general ecological footprint model such as the irrational assumption of system
closeness and spatial exclusivity, we proposed a modified ecological footprint model by using emergy theory and method, in
which flux calculation and human labor services were incorporated. Although the regional consumption and carrying capacity
of the ecological footprint was still analyzed according to the supply and demand in the modified ecological footprint model ,
it emphasizes import and export of regional resources, the openness of regional socioeconomic system, and incorporation of
human labor services. To validate the proposed model, we computed the ecological footprint and carrying capacity with
statistical data of Shenzhen City in 2006. The results show that per capita potential ecological carrying capacity in Shenzhen
City was about 48.08ghm’, and there existed a 3.60ghm’ per capita ecological deficit in biological production account that
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needs to be offset by imports, but a 3. 14ghm’ per capita ecological surplus in industrial product account that can be used
for exports. The per capita net ecological carrying capacity in 2006 was about 4. 87ghm®, which contributes to the
development of other regions. Human resource of Shenzhen City can offer 5. 20ghm” per capita ecological carrying capacity
in 2006, which is important to ensure the sustainability of socioeconomic system. Developing advanced high-technology,
low-energy consumption and cleaner industry, producing goods of higher emergy transformation rate, and promoting the
energy hierarchies of native products are important approaches to regional sustainable development. The modified model
solved some deficiencies in general ecological footprint model , by paying more attention to all the elements of eco-economic
system but only the ecological components. So, it can be employed to comprehensively assess sustainability of regional eco-

economic system.

Key Words: ecological footprint model ; emergy analysis; open system; sustainability; Shenzhen City
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A, n FARAH TR B R BBERA R r, 2R | B BRBEEIRIR(E; T.58 | MR BBE R R P
FARPNERRADRETE, —VERRFENEITHNREXRIET KRR, v T#EEZHE, B EHE
YR KT AR o B SRR AEL BT 477355t OO A o IO 9 2 0 =k TR M B IR B A A D (™

@ A M= = AR
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7RI FIOH 1. 13 x 10° ghm®, fFLL P = GEI/GEC = (15.83 x10%sej)/(1.13 x 10" ghm®) =14.01 x 10"
sej/ghm’ ,
3.2.1 ARNEDSER

AR 2T R BT T AL S B HIRBUAIC BN ZEHH4FE % (2007 ) Y P F0¢ T R 4R % (2007) ) P70 A3 A
BRI P AT 2006 4R HAE S R : YR IEE Sk - BRIR R IR IE B K P A % Dol ™= w2 K
BRI EF 1, EYRBPHBARSERHERZRB. YW= R EERKREEL, S IHHABESTEB
4.6797ghm’ , b S 7= i (R IEKF= ) Bl 86.4% , Bon T HIITT R I B S5 TR B K S BRI
BEVR IS T o G R AR P T S AL A T S E A, AT A BRI AE S R 4. 0938ghm” ,
W e ) o 1R AL W Tl 7 R E S B ORK  BUmTE VAT AT IE K TR RIS A RS, Bt
NI T ST S5 2. 2992ghm” s A A A A R IE 11. 0727 ghm

£1 2006 EFRYESBERAUTE
Table 1 Calculation for ecological footprint in Shenzhen (2006)

FHREIR BRI KFHsRE ABIRBE AR R B
i H Item Raw data Trasformity Total emergy Emergy per capita Footprint per capita
(J&e) (sej/T) (sej) (sei/ A) (ghm?/ A)
EYIREHR ¥ & Food 9.52 x 10" 1.39 x10° 1.325 x 102 1.565 x 10 0.1117
Biological resources A&7l Edible Oil 2.74 x 10" 2.18 x 108 5.967 x 102 7.050 x 10 0.5032
3% Vegetables 2.49 x 10" 4.53 x10* 1.125 x10%® 1.329 x 10" 0.0095
A Pig 7.60 x10% 2.85 x 108 2.166 x 102 2.559 x 10" 1.8263
g:e if And Mution 2.45 x10™ 6.71 x 108 1.643 x10% 1.941 x 10* 0.1386
%1 Poultry 7.80 x 10 2.85 x 108 2.222 x 10% 2.625 x 10* 0.1874
#7E Fges 5.57x10™ 2.87 x107 1.596 x 102 1.886 x 10" 1.3461
#47% Milk 1.51 x10% 2.90 x 108 4.382 x10% 5.177 x 10* 0.3695
K =5 Fishery 6.21 x10 3.35 x 108 2.082 x 10% 2.460 x 10" 0.1756
ZEIt Tea 3.40 x 10" 3.19 x 10° 1.084 x10%° 1.281 x 1012 0.0009
BB Alcohol 6.09 x 10" 1.01 x 103 6.132 x10'® 7.244 x 101 0.0005
WL Beer 2.38 x 10 1.01 x10° 2.396 x 108 2.831 x 10" 0. 0002
# 5 Fruits 1.36 x 10" 8.89 x 10* 1.208 x10%® 1.427 x 10" 0.0102
7N+ Subtotal 6.556 x 10" 4.6797
FERFIR 2R B3, 7J Electric 1.75 x 1077 2.68 x10° 4.706 x 102 5.560 x 10%3 3.9684
Energy resources B Coal 2.09 x10%° 1.78 x 10* 3.713 x10%° 4.386 x 102 0.0031
¥ Gasoline 6.67 x 10" 9.06 x 10* 6.039 x 10%® 7.135 x 10" 0.0509
JE3 Goal Oil 1.13 x10™ 9.06 x 10* 1.027 x10%° 1.213 x 1012 0.0009
253 Diesel Oil 3.86 x 10 9.06 x 10* 3.498 x 10" 4.132 x 1012 0.0029
BALA MR Gas 9.95 x 10" 8.05 x 10* 8.013 x 10% 9.467 x 1013 0.0676
7N+ Subtotal 5.735 x 10" 4.0938
FER I = RER B3k 7K Tap Water 7.17 x 10% 1.11 x 108 7.940 x 102 9.381 x 10 0. 6696
Primary manufacture 43 Gasoline 5.58 x10'6 9.06 x 10* 5.049 x 10% 5.965 x 10 0.4258
Bt Steels 2.23 x1012 2.35 x10° 5.236 x 10% 6.186 x 10 0.4415
#44 Aluminum 2.73 x101° 2.68 x10'° 7.317 x10%® 8.644 x 10" 0.0617
ALAE Fertilizer 1.02 x 10 6.37 x10° 6.499 x 107 7.678 x 10™ 0.5481
7K & Cement 3.25 x10° 5.53 x10%° 1.798 x 10% 2.125 x 10* 0.1517
&iﬁfl&mer 1.69 x10° 6.37 x 108 1.079 x10%° 1.274 x 1012 0.0009
7N+ Subtotal 3.221 x 10" 2.2992
75 B 5 B Total Ecological Footprint 1.551 x 106 11.0727

« BRIE SRS 1, SCHR (6-2122-28] B T A RE A2 %3 The transformities are taken or modified from references!6-21-22.281

@ Global Footprint Network. Living Planet Report 2006. Oakland, CA. www. footprintnetwork. org.
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I 2006 4FFIN SR, HHERINET W4 T BRI ANRRKEEESRKE . FIIMEER
BEAELEA N K FHAE  RBE TR KL RE L FK 2 B8 K AL 22 B B ERIE R RE LU R M IR ABF AN . A FhRBYRE(H
HEARMEER RRKIES A ST T AR R, TS R R 2,

£2 2006 RV TR XBEESTEN
Table 2 Calculation for maximum potential ecological capacity in Shenzhen (2006)

WE JFR R BRI KFAsR{E ABREE ' }\i’%éla%};?ﬁ
Ttem Raw data Trasformity Total emergy Emergyper capita Carrying capacity per
(I e) (sej/T) (sej) (sej/ N) capita( ghm?/ A )
FEYEAE Sunlight 1.02 x 10" 1.00 x 10° 1.02 x10% 1.21 x 1012 0.0009
M8 Wind 1.02 x 102 2.51 x10° 2.57 x10% 3.03 x10'6 21.6361
Fik{k248E Rain Chemical 1.87 x10%® 3.05 x10* 5.70 x 107 6.74 x 106 48.0771
Fi/K %88 Rain Geo-Potential 9.57 x 10" 1.76 x 10* 1.68 x 10% 1.99 x 1013 0.0142
VA7 4k 228E River Chemical 6.94 x 10 8.13 x10* 5.64 x 102 6.67 x 10" 0.0476
HiIR(EITRE Earth Cycle 1.95 x 10" 5.76 x 10* 1.13 x10% 1.33 10" 0.0095
BIRHE Ocean Wave 9.79 x10® 5.12 x 10* 5.02 x10¥ 5.93 x 105 0.0000
BB Tide 1.83 x 10V 5.12 x 10* 9.37 x10% 1.11 x10% 0.7899
A& Tap Water 7.17 x 10 1.11 x 10° 7.94 x 10% 9.38 x10 0.6696
/Nt Total 6.74 x 106 48.0771

a BBEEHES I, SCEk 62520 28] 18T A R RS AE 3% The transformities are taken or modified from references!6-222:81 .}, g T @ EHITE,
HEBE S KT S BIE T E R B B A SRR SIEIES S To avoid double counting, only rain chemical energy was counted as a

basis for calculation of the local maximum potential ecological capacity!?%+?!]

SPIATE P TR BIYIT 2006 4FAH 7™ 7™ AR SRS L4 - A= IR IR™ P B4 Toll 7™ 7™ ik
FOERBRBAARKF) , REZRILE 3, 2006 FHY A= 57~ HAE SRR A AR 6. 1627ghm’, 4
PIPEIRT= AT ABES RS 0.7221ghm” , o B 7= AKRE AN 11.72% , H b shr= 5 (A r=5)

£3 2006 FRYIT AR5 HESRR S5
Table 3 Local output ecological carrying capacity in Shenzhen (2006)

WH FHREIR BRI KFHsRE ABIRBE ' }\i’%éla%}ﬂ:ﬁ
Ttem Raw data Trasformity Total emergy Emergy per capita Carrying capacity per
(JE g) (sei/T) (sej) (sej/N\) capita( ghm®/ A )

EYFEREHKE RRE Food 9.14 x 10" 1.39 x10° 1.272 x 107 1.503 x 101° 0. 0000

Biological resources 164 Peanuts 1.93 x 10" 1.44 x 10° 2.785 x 106 3.291 x 10° 0. 0000
FEIE Vegetables 2.80 x 10 4.53 x10* 1.268 x 10" 1.498 x 102 0.0011
AR Fruits 4.55 %101 8.89 x 10* 4.046 x 10™® 4.780 x 10" 0. 0003
A4 Milk 2.90 x10™ 2.90 x 105 8.416 x 10% 9.943 x 1013 0.0710
¥ Pig 7.99 x 10 2.85 x 108 2.278 x 102 2.691 x 10 0.1921
B Poultry 5.21 x 108 2.85 x 108 1.486 x 10% 1.756 x 101 0.0125
BE™R Ege 1.57 x 10 2.87 x107 4.490 x 102 5.305 x 10 0.3786
K725 Fishery 2.35x10™ 3.35 x 108 7.881 x 10% 9.311 x 1013 0. 0665

A A PR IRARER J1 /T Subtotal 1.012 x10% 0.7221

R TAL =5k H3¥K Tap Water 6.98 x 10" 1.11 x 108 7.721 x 10% 9.122 x 10™ 0.6511

Primary manufacture A543 Edible Oil 2.56 x 101 2.18 x 108 5.580 x 10" 6.592 x 102 0.0047
% & Electric 1.97 x 10V 2.68 x10° 5.285 x 102 6.244 x 10" 4.4571
AL Chemical Fiber 4.91 x10° 6.37 x 108 3.131 x10™® 3.699 x 10" 0. 0003
BRI & Plastic 1.28 x 10'? 6.37 x 108 8.135 x 102 9.611 x10 0. 0686
BRI Steels 4.13 x 10" 2.35 x10° 9.705 x 10%® 1.147 x 10* 0.0818
SEARBEIE Glass 3.17 x 101 1.41 x10° 4.465 x 10% 5.275 x 1013 0.0377
£8#t Aluminum 6.16 x 101 2.68 x10'° 1.652 x 10% 1.952 x 10™ 0.1393

A Tolb A 7= fh 7= 7R 88 71 /Mt Subtotal 7.622 x10% 5.4406

A H A 72 AR ER 48 Total OEC 8.634 x 107 6.1627

« BRIE 3RS I, SCHR(6-2122-28] BT AR OZEAER: M The transformities are taken or modified from references!®-21-22:281
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ARESG 99.8% , MR HREDS 0. 2% , R T IR BHEF L — 7=k 1 25 AN X IR RE R
BIF Tl = S P A B BB 545 5. 4406ghm” , 5 B 7= A AR ) 9 88.28% , Frp & BB A E R K
PR EETRE, 5T 9%4%,

7z 4 2 2006 AFFRIITTAER BB AR B ITE RS, 7T LA D] ,2006 4E RN T A5 R 7E A AR KR
AR AR 7. 80 5, RA YR IR K AR E O ) 66. 58 5, R BAER R 4. 34 £,
MENAEER , BN A DA AP A SR ERIR . AT, X SL R AR 3 ) 52 KR AR B PR, FT B 3T
BRI RN X IBAES TSR B EAEREW S . WHRINTA EEHREKIR, T ESMHEXN Bk
IKFABS A A B A S{UH 0.6511ghm’  BGEHFIIT G4 K 1 80% MKBAMAA . Hit, MKiE
AREEHREAARREA LA ) SRAHEEAS N EZENRR, WREZARBTRERBHEER
Bz,

4 2006 FERYI| AR R BN ESREITE S 4 (ghm®/person)
Table 4 The summary of ecological footprint and carrying capacity in Shenzhen (2006 )

. AR BRI BT AL it
Biological resources Energy resources Primary manufacture Total
B R EEESRE S MLEC 48.0771
A M A PR AR AR OEC 0.7221 5.4406 6.1627
B E, 4.6797 4.0938 2.2992 11.0727
AR 4 OEC-E; -3.5976 -4.0938 3.1414 -4.9100

EIEHAFEBTBEER, HRAEFARRR I SANESEREMBRIAAESHIFEN
2. 928ghm” , \ZEHILE LA , A5 AR I BEAH AU 43 R B AR U VR P BB TR IR 1, B0 D 7= 3 - )
RERRE. XAERSHEINTIIRT SIBRL R SR E—Z
3.2.2 ARFHFHFHHHDORRS

AFEAULRAET BB EE SRR EE . NEARSHRA B AR, LSl A Bt
BET ARSI TR T HIH R AR AR ERFEANBFEFETRN, BRI AT ET]
X, BALE RGNS EEMF . AT LEES#T SRENT 1% 5 REF 7 A EHMES
PUBR T, TG A0 B4R 7= BE T IR A IR . R GIEAT S AT SRR DU , AN REHF A O X B Ry A S HEBR
FESho VESWAFIRAYTT EFTHIR , AR5 5 H R AE DR B MG 5N RH P AN ET EBL TR —HESR
(R5). AHBAEPHFFROOTE T2FRTTHREA, BT TRERAZSMHARKA FEIEXR TH ST
SAFERPATTE LR, T H P E AR KR, BT AR mE el T AR LR LT L
BRIEER, ARIE Odum BOVEA"Y 15 BB W Y BE OE 55 SR, 0 1% B 7R A2 2 TRV A2 A > B B , B A AR X
B, HIE AREE RV KR R L H R P A T AR R

£5 2006 FRYITH AT HWNA S8 H O3 R A SRR
Table 5 Carrying capacity of labor service and currency in Shenzhen (2006)

ABESERR 1" ABESER2®

HE FERBIE  AERehE/ R R H @'ﬁ'ﬁﬁ/ Ggil Carrying capacity per Carrying capacity per
Itom Raw data Global'emer'gy/ US$ Chmese' eme'rgy/ US$ capita 1 capita 2

(%) ratio( sej/$) ratio( sej/$) ( ghm?/person) ( ghm?/person)
%54 Labor Income 3.71 x10%° 1.66 x 10 2.89 x10% 5.1996 9.0524
# 0 Imports 1.01 x 10" 1.66 x 10 2.89 x10% 14.1790 24.6852
O Exports 1.36 x 10" 1.66 x 10 2.89 x10% 19.0512 33.1675

w ANBESRR 1 EETERBE/RTLE, AYESRR 2 ZE TP EMBME/ KT ELZE Carying capacity per capita 1 based on the global
emergy/US $§ ratio and Carrying capacity per capita 2 based on the Chinese emergy/US $ ratio

5B THET 2004 FLIREEE/ KT HLRMET P E 2004 4FHREE/ BT LR STRR S, BT
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o E A XHRARR IR R AR IS4k, T E R RBE/ 48 T LRI T 2 BRERE/ 52 T IR, FIk B T EaR
B/ 52 T R E R A TR ER K. MEIERFEE X, R & R AR 57 55 383 5] i3 B N
ST, BRI SEPRME N TP E 28], G55R 87N T H#E H F{EXS R B A& ER ) [ 3575 T A X R e A ™= 5
P AR E, RARINTAESE T REBA TR s, ARG E OASRSR N IEME, HIHERY
WA ST R B 57 K8 [Fa 4 A B X Rt Rs e,

REF 4 A 5 LUK 2006 4F EERG St DG gdE 047, B E7ERE BE KA FHA PR IRK
PR RA SO, stk a4 = e ok 8 O, 40 2006 AFEYITH H O WG S 2 TR BRET724.3 7
HOrEEA 1.99 7+ &, YA F=r= A R8O, 40 2006 30449 55.38 Tt B8 1.49 Tt %, It
sh, FEHAFREERE ZEPL R BT JER B i8R A 4%, W EEH ORA R 2
B VIR BT E E VL RA A EWSE, T RGMKE X ILBR M #T XIS T, ZMINEREZ %
T AERE ) B9 N RE 2 A T
3.2.3 BHHEASEDEE 5ERERN

BREGASEDEETTE I MAERRR S, IR SE A2 B BB 45 R T xt . BRI
TRIYITT 2006 4 F4 + 3 F A BUR S B A o T 45 3R, BRI 2006 4E 504 $#1 4258. 97hm® , H 25 41 8842. 88
hm® | pit 84897. 75hm® |, /K3, 6516. 01 hm® , 41 B M 92472. 79 hm®, N3 7 i, 7E308R 12% B4 Y12 RedE
BRERZIE, GBI AS AR IR 1 0 0.0558ghm” , HEI T 45 -5 %I T 2000 42 K £ A& H
BRI, NI IEIT 17.05% , 456 5INH HH A 0 M 2000 421 701.24 J7 A EF+2 846.43 1A,
I BIIEERARB N ERIGINT 41.29% , WMERRBNARGEAE, $E S O KIREFREREY
A= 7 B A 25 AR E SR , T T A Y EL ) K B A, A 2000 4E 15 0. 02496 ghm® EFHZE 2006 4F 1
0. 05078 ghm®, He.BINI G 45. 17% EF+7E 80.08% , fEAE4u LA R R+ B MK ER 58N T
5 A B B AR, 43318 2.8 F 1. 66, X IE BB 4 R BRI RS &R ) i
I FEFEE, miXdRERERRZIRRN—&, REM i 5T 2 B A B R T (B R
B AR H T R AR S

£6 2006 FRYITHTETEEESETENHESREKRN
Table 6 Ecological carrying capacity based on general ecological footprint model in Shenzhen (2006 )

) 2000 £ A3
THER AT FRET  BEAER R
TH . . . . Equivalent per .
Regional area Equivalence Yield Equivalent total . Equivalent per
Ttem capita K
(hm?) factor factor (ghm?) (ghm?/ ) capita (2000)
-/ pemon ( ghm®/ person) (!
$Hb arable land 4258.97 2.8 1.66 19795.71 0.002339 0.002766
FhHh forest 84897.75 1.1 0.91 84982. 65 0.010040 0.026406
BE Hb pasture 8842.88 0.5 0.19 840.07 0.000099 0.000041
JK 3, water 6516.01 0.2 1.00 1303.20 0.000154 0.001079
E i i built-up area 92472.79 2.8 1.66 429813.54 0.050780 0.024960
41t Total 536735. 18 0.063412 0.055252
W B REMERIP for biodiversity 64408.22 0.007609 0. 006630
A7 3R /7 carrying capacity per capita 0. 055802 0.047673

R R B AR A SR NMER AR IT ETHRAER) 97. 2 £%, A Y BT IR K 2 A 4% Tolk 7™ i ik
Gr3 57. 3 A5F0 107. 1 1%, X R B OFBHE R B BT B ™ HE , 2T THE T RS H™ 1, 5
MRAEGE BB QUL T AR K AR . T RS E BT R ERRBRART T A AR, X5
TINRRE) B AR AR R R H¥ETE B AR R — B, R BL T IR AR BIRAR A = JK S 23RF 3
K2R, MR B EZET HE R T BE 7T RS RN TG T L&A,
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£7 MREEASEGERTEER LB (ghm’/person)
Table 7 Comparison of modified model results with the general model calculation (ghm? per capita)

1 e P ARSI &t
Biological resources Energy resources Primary manufacture Total
BUE S A ES B modified E, 4.6797 4.0938 2.2992 11.0727
AN SR B OEC 0.7221 5.4406 6.1627
G RI A ¥ A& 3 7 general EC 0.0126 0.0508 0.0634
A¥J5EA 1 TEF * Regional area 0.0123 0.0109 2.3071

= SR T M AR K AE W RTIRR P OB AR R A AR S, SR Db R P s IR B R, ST R RN T R A
FAHh, R A BT B IS AT  Regional area of biological resources accounts for arable land, forest, pasture and water together, and the primary

manufacture accounts for the built-up area, in the total content for per capita administrative geographical area whit the unused land added

4 swSHR
41 g

(1) M BB RE T AW RGN RERAIN, 3454 54 LB BT F R A
SYBTEORS B T B A VR B RSV JRCE MBS X 0 5 R R R V% APl — v,
I NS SRR (6 B HE R B, M SR BB BN A A R R A AR , T R 2 R
RBFF I TSR BRI B SR FIRRHIRB) , B A RIMRA F KA AR
BAR. PR BT AR B, S5 TR AR E R MM R, SRR
Tk, FRAENI R BRAR. SHEAESLEMEIRANEHTHER ) HHET >~ RETEEH
HLHG I A A LR TR T B 3 (S P S SR A ™ 5 A R R RE A
AR AR RGBS, T LSRN PR U KRR

(2) BEBURTEAM % 15 \ SR TARIFHEE t 1 A TR AEZE 45 B 2 P RT3 o FF BOR E0F
Bro NFBH EAISUEHE, dURRTRE TRV, IR T K BT R R R AL, TR AT 55
GEHEA AL T OH) o HEEIH I ATPOMEZE, TV R R D30 B 23 T, AT T LA S 4 2 T
PR RN SR RSB T {44 R R A TR SR 0 B B 5 R A S
BEWRER BRI TTHSHPHBR,

(3) P EBE MR, BUE T 1% B 4 B #/AVREF REANTSH tol SRS, &f
PEO/NRBETFHUR oot B RAA IS B 00 6 G2k A5 R, 0 R B — XA R AT S, B0
B, 5B OB R R IR, FT AR T R R 1, RSN T S5
FEIEAR R R B, FE A O BRI R R At T TR BT B TR b, K IR 2 510
BRHRB R 15PN T ARSI FR IR WY Y02 7 K P AR
FEBART , B PRI, T Tl e BBk, Tt 13 A VR A T H e R R T
SR S T BTV R R R 7 th R BT A B SR ) W B R R
BT (RAERERO TS Tl 7 th B R AL 07 i, DU B 15 RE B R S LRI R
AR IR
42 g

BRI AR T E B RMERZ —o M8 b, Tl B RS R SR A A 15
SRS B R P BT 7, o1 TR FORH IR, 3 T 45 R 7 0232 HOBORL, i — S YR I 3
HEATHIR, ARG, FEOHAB RN AR A S R RASRBRAER N LHFI LT Tk
PEGL B, 24 B SR MR B AR Toll 7 i, RS H T SR B , B T B R L
YR AL A A7 7 R B o, TR BB R EZ 0 Tl h, o R 11 7,
SR PR G T IR BRSNS Tk

Bt 81, BUlb A B A ST — S, R — 5% WA T R AR
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SHF RGO TTIREO AN HER M, LA BRI E OB TR AU ™ i AR B BB E 55

EBEFRERTRRGR, LIPIITT , E5RIA T 245 2078 1 54 15 i fis JFL 20 iy 17 BA.T0 A 28 B4 1) A, 17
R8st BB R A RIBRFEHRESE ST k. BATE, SEESEBERE D R T ERES
AR R TR B BRI , TR 4 R AR S HOR K S0 R BT IE X &5 R SRR DL
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