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Emergy-based ecological footprint model and its application to a natural resource-
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Abstract; The traditional ecological footprint models, developed to access the sustainability of regional developments. Their
calculations used “ biologically productive areas with world average productivity” as a common measurement unit for
ecological footprints and carrying capacity. However, the basis of land productivity was subject to many limitations. In this
study we present a new ecological footprint model which is based on the emergy theory. A sustainability evaluation index is
also put forward to indicating the extent of the environmental resources use. The new model focused on the ecological
carrying capacity and the demand of ecological footprints for sustaining regional development using the emergy transfomity
and emergy density concepts in the emergy theory. The emergy analysis measures both the work of nature and that of humans
in generating products and services. By multiplying the amount of energy with its solar emergy transformity, we can easily
quantify different kinds of products, services and environmental work with a single universal unit in solar emergy emjoules.
The objective of this paper is to improve the ecological footprint model by introducing the emergy analysis into the
calculation process and test the model in Xuzhou City. The emergy-based ecological carrying capacity ( EECC) was
estimated based on regional renewable resources and the renewable portion of the biologically productive land. The emergy-
based ecological footprints ( EEF) were calculated according to the natural resource consumption within the region and the
regional resource outputs. Our calculations began with the annual solar emergy of earth geobiosphere in calculating regional
emergy density. Then, regional renewable resources, renewable portion of biologically productive land, and most of the
consumed resources were converted to corresponding emergy amount through emergy analysis. According to respective

formula, total amount of emergy-related divided by regional emergy density can obtain emergy-based ecological carrying
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capacity and ecological footprints. In this way, the capacity areas and footprints areas both have the same connotation,
namely, the regional emergy density. We applied the improved emergy-based model to Xuzhou City and found that the
emergy-based ecological carrying capacity was 1.03 hm” per capita and the emergy-based ecological footprint was 37.76 hm’
per capita in Xuzhou City in 2006, which was 4.4 and 4. 3 times higher than those of previous models respectively. The
emergy-based ecological carrying capacity would be 2.6 times higher, if the transformities were not modified based on the
new global emergy baseline reference standard. Our results indicated that the renewable part of the biologically productive
land accounted for a large proportion of the regional ecological capacity and a large portion of the footprints in Xuzhou was
contributed to exporting resources to other regions ouside of the city. The sustainability emergy index ( SEI) was 0.97 which
indicated the sustainable development of Xuzhou was of concern. The developing strategies for the natural resource-
dependent economy city should focus on optimizing economic structure, increasing resource use efficiency, and balancing
economic development and eco-environment protection. Such as controlling the exploitation scale, extending the industrial
chain, increasing the added value of export products and developing and utilizing renewable energy should be taken into

account.
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FIFREE R R —Fh A3 1 R SRR , (BB X o & e $HL 78 B P R ) & R =X, B A e U E R L R
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B BARABEEH (sej) o BARERER B T & REME B 7R i RE B B R A BEME A e, LUK FHAB(H
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SR DT Tr, S8R © BT SR 000 B X L PR K PH BB RE 0 38 s D Rm XIS RB 12 B
2.4  AJFEREEVETEMY 55X (sustainability evaluation index, SEI)
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SEI = ppr + EEC (3)

SEI FJE7E 0 B 1 Z[H], fE8/N, TRe St ROL ST . 2 SETET 0 B, B AR S Bl 54 SR B I H L
AT AZBEATE, KIS & RA R AERZS B ;2 SEI T 0.5 6f , A S BB 5ES AR HE, WXL R
FIFTRESEPEAL F—FPin oR3S s 24 SET#aTF 1 B, UhBAAE S B i K FASRE ), B X IE R 44 B
KT ERBES, KA SR OUAE 24348 . 38 SEI TS 0.5 BFREE, AT LA X I8, 7] 4L 5 AR A 4348
R . BHEASET IR RLIR SIS R, B, 76 0 3] 0.5 Z[E X/ AT RS 2 £ X
[ BRREAI A THAF LR e , N BB B X IR A B s 32 AL T ASARERIITEE N
3 WBENA

A SO BRI AL VT 548 Ve AGER B R IR B IR i AR N T, X e e B R A7 7 Y, 3R X IR AT ek R L. 7R
TP T ZARE 116°22'—118°40" b4 33°43'—34°58’ 2 [ii] , + #b S AR 11258 km®,2006 4E5K 4 A [ 934. 73
T o BRKEE VR, BRERGEXNIEX AR, ERER VLS, 2 ERMLHREEEZRRIAE
FEEh . B T RIEFE A R TR R 39 2t UL, TUAE R 69 12 t, & 2500 £ t, 24
] BB AR e b A 2R b X R b, 2008 AR RS & LR SEHL A B 736 T kw,
3.1 XIRBEEZE

HARIR IR B R AW B MPE A o R BH%E ST RE L HbBR TRAL i i BB 9% fig 2 4k 3h b BR A= 47 P8l ) ok
PEIRI 3 Fh EERRIR , X 2IRAER T RS 2 XREENIEM, X 3 Z5RBUE M K BH B 2 PEA5 KL /K i ER
RGO T REME M AR . AR Odum %8 A 22000 4E7 5 B 2 BRBEME R VE, BJ 15. 83 x 10* sej/a, I
DASG oA o K S RE A, 25 SR 36 1o T BE A, AR R ok 22 IR WSO 9% e R B R 0. 1—0. 51 %
JEENIRM TR X B R R BOE UL T A B, 2R SRR, B ISR TR, Z g i R 2
S, Y R S R B 0. 1, XIS BEAE 2% B 1 X K PR 5 B HE P BE IV B 3 T2 f 5 KB AR Z
Hoo BRI, 1520 X I B B R

D = XIBEREIE(4.59 x10% sej) /K Ik AR (11258 km®) = 4.08 x 10" (sej/hm’)

F1 #BNBEREYEFRERE
Table 1 Annual budget of solar emergy for the earth geobiosphere in Xuzhou City

REEET [ AR R S 3R KFHABIE
Source Energy flux/(J/a) Transformity/ ( sej/J) References Emergy flux/ ( sej/a)
K A% E Solar insolation 2.79 x10% 1.00 [24] 2.79 x10%
Hi 4 BE Deep earth heat 1.48 x10'° 1.20 x 10* [24] 1.78 x10%
1% £k Tidal energy 0.33 x10™ 7.39 x10* [24] 2.42 x10%®
£t Total 4.59 x 102

3.2 RBE-AEDREIISREE-ES R

X3 A] BT R VR RE AT 4 R K 2. BRIEF B RARIE S % SOk ™ i T 2 As e . K PR 5 RE L XUBE
K FEEE 7K ALAFBE s 7K BRI /K A 2=BR 43 AR IR B [ — 3 BN E G 74, ke E R I, HIFaE
Hep g RE™ B e, H73.02 x10% sej,

e, = FETHERF (30 em) x AWM ER(7127.7 km®) ) x 10" (em®/km®) x +-3E255E (1. 38
g/em’) P x FIEE A PR LB S8 (0.98% )% x LI + = AT E B AE (5. 4 keal/g) P x 4186 ()/
keal) x &+ BE(EFEH 2 (7. 40 x 10* sej/J) P = 4.84 x 107 sej,
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Table 2 Calculation for annual renewable resources emergy in Xuzhou City (2006)

Wi H Ttem AR REfE L% S 3CHk KFHREME

A Basic data/J Transformity/ ( sej/J) References Emergy/sej
K A% AE Sunlight 5.63 x10% 1.00 [24] 5.63 x 10"
i X AE Wind 1.43 x10% 2.45 x10° [24] 3.50 x 10"
T 7K #fE Rain, geopotential 3.11 x10% 1.76 x10* [21,24] 5.48 x10Y
Fi7K4k2~BE Rain, chemical energy 4,89 x 10 3.05 x10* [24] 1.49 x10%
K HHE Rivers, geopotential 4.62 x10" 4.66 x10* [24] 2.15 x 10"
WKk BE Rivers, chemical energy 7.24 x10% 8.10 x 10* [24] 5.86 x 10%°
HiFRIEREBE Earth cycle 1.63 x 10 5.76 x 10* [25] 9.39 x 10%
/N Total 3.02 x10%

AR (3) 53] 2006 FRBIE-AEB AR SR 1.10 x 10" hm® , F1BR 12% 4 A= SR UG , A3
REME-AE ARSI N 1.03 hm’,

HRIE RN GeH4F %) 25 1 2006 4EX IR [ R FIA S L3RG HEIE " B ITE R B A S K S %
BRUTE SRR HRIAT T R, RIRAIR(4) TR B 2006 AERMN BE(E-2E 25 R K P 45 R L
3, AR A K 3. 53 x 10° hm?, A3k 37.76 hm®,

F3 2006 FERMBEE-EABTHERP (2006 4F)
Table 3 Emergy-based ecological footprints in Xuzhou City (2006)

. E: ABME-A AL
Ilﬁjﬁ B%,ﬂﬂ ?If; ] E‘Eﬁiﬁﬁi ffé)tﬁk Ej(BB%/{E Emergy-ecological
em asic dal / (sej /J ) ererences mergy/ sej footprint/hmz

HEYIBE IR HE B/ 2.14 x10' 6.02 x 10* [24, 33] 1.29 x 10 3.16 x 108
Biological INEE 2.48 x 10 1.14 x10° [24, 33] 2.82 x10% 6.92 x10°
resources K#F 2.59 x10* 1.34 x10° [24, 34] 3.48 x 10 8.52 x10*
5P/ 7.91 x10% 4.53 x10* [24,11] 3.58 x10% 8.78 x10°
CES 1.43 x10% 1.16 x 10° [24,33] 1.65 x 102 4.04 x10°
LB S 1.09 x 10 4.53 x10° [24, 33] 4.93 x10® 1.21 x10*
/N 1.51 x 107
HAbVEY) g 3.73 x10% 1.16 x10° [24, 33] 4.32 x10% 1.06 x 107
¥ 8.46 x 10 1.44 x10° (24, 11] 1.22 x10% 2.99 x10°
KR 3.10 x10% 8.89 x 10° [24,11] 2.76 x10% 6.76 x10°
firt3 2.10 x10% 4.53 x10* [24, 11] 9.50 x 10% 2.33 x10°
JRZ 8.21 x 10 6.71 x10* [24, 34] 5.51 x10% 1.35 x10°
N 2.28 x 107
AR A 6.36 x 10 2.85 x 108 [11, 24] 1.81 x 102 4.45 x 107
ESA] 5.95 x 10" 3.35 x10° (11, 24] 1.99 x10% 4.89 x10°
=S| 1.17 x10* 6.71 x10° [11, 24] 7.82 x10% 1.92 x 108
B8R 7.37 x10™ 2.85 x10° [11, 24] 2.10 x 10 5.15 x10°
A7) 8.43 x10%° 2.85 x10° [11, 24] 2.40 x10% 5.89 x10°
LS 5.54 x10™ 2.85 x10° [24, 33] 1.58 x10% 3.87 x10°
BE 3.04 x10% 3.35 x10° [24, 33] 1.02 x10% 2.50 x107
ECES 2.47 x10"? 6.44 x10° [21, 24] 1.59 x10% 3.90 x10*
IK 7= 9.49 x 10" 3.36 x10° [24, 35] 3.19 x10% 7.82 x10°
/N 9.37 x107
AMAUKEE ErAEHE 3.30 x 10" 5.85 x10* [24, 32] 1.93 x10% 4.74 x10°
b3 7.18 x 10 - [11, 24, 36] 1.12 x10% 2.75 x10°
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gk
E: RRIE-AE S R
S e PRl KIIRE B2
It Basic data/] Transformity Ref E et Emergy-ecological
em asic dal elrerences 111 ¥ S€]
/(sej/]) &7 footprint/hm?
N 3.22 x10°
REVRPEIR SR 8.06 x 10" 6.69 x 10* [21, 24] 5.39 x 10% 1.32 x10%
Energy baRlii 6.81 x 10" 1.11 x10° [21, 24] 7.53 x10* 1.85x10°
L 2.44 x 10 1.11 x10° [21, 24] 2.70 x10% 6.61 x10°
LA MR 1.59 x 10% 1.11 x10° [21, 24] 1.76 x10% 4.32 x10°
H g 1.31 x10" 2.67 x 10° [11, 21, 24] 3.48 x 10% 8.54 x 107
N 2.18 x 108
£t Total 3.53 x108
* AR R AN B SRK PRI, 0 BB A 4 3R 28 Bk
3.3 R
DA X 5T RBE 1 AR 28 R AR AL B S SR LR 4,
x4 ETRRENESBTERNRALR
Table 4 Application results of ecological footprint model based on emergy in Xuzhou City (2006 )
K P ANBREE-A- KR NI REAE-A: 35 il NBESHRTF AR PR TR S
Emergy-based ecological Emergy-based ecological Ecological deficit Sustainability
Area Year A 2 . . 2 . 2 . N
capacity/ (hm*/capita) footprint/ ( hm*/capita) / (hm®/capita) evaluation index
#:H Xuzhou City 2006 1.03 37.76 36.73 0.97

2006 LRI A EZSAF R 36.73 hm?, K FH 554 12 X BRSO 1 4 25 S B O A9 8 1
25 8.6218 hm’ o THE X IR A 25 AR BT A, 24 30 S8 A X480 T B BT AR WA AL A A ) 2R 7 b i R 1
(B AT SR BT IR AR A0, T ELARSE B 9 S BRBE (R MERC B , BEIE AR HCR R IFORAY 1. 68 17, R T 45 2 A BB {E- A 25
RBIRIUNEETTRLERI 4.4 fF . RN FH 2PRAEERME, K2 2.6 1. REE-AESETHITER
PUHE TSR X EADIEFRR SRR, T HARE T XL R R EM s e iR &, Bk AR fE-2E
SRB R R R ZE, B E- SR 52 BAMA RIE . XAFERSREMEIRBRT —4
Hh X A SR T TR AR B B AR TR X Ik B AR I TR A 4 (RTSE B R IR Z IR 220 E i, B TR ok
SR NG, T 24 B 4F TSR B AH 2 B K, AR 3 AT LAAG ) ASUBE A% B8 IR — TR o B 4F BB (E-A4 75 2 Y
37% , el S KRB ST 14 1

AKX (S) HEBBI AR EECN 0. 97, B0k T 1o RABIEEBUEIRAI R 2>, %1853 W] 2006 4
TRIN REE-AE 25 R R T RBE-AE SR B ST o 35 %0t IX A W A 77 M 3 Py g B BE A 7 DA BB A R TR ) R
BIFRRE ), JUHE RRIR BT IR AT #E & B AR BB - A S I ) 62% , A BRB I 22 2 % .

3.4 vhg

HTREE A AE DS RS E A B R R h ARTR S AR R I e e o BB , @ 1 BE1E
FRH ARG AR Rl — AR vE R RE(ELEAAE, kb T AR GETH R 7 6 A Lt A 7= T R AN A o REME R R A 1L
HE A PR S BOP AR P E B R o SRR S R A S AT AR R e R
{EHBE R b, THE5 REAE - A R ) T RE(E- A 25 R 1B I3 R P X SRR AE %5 B2, LAGRAIE — 8 | & A3 REME
T AU EL A A ) RE 1 2 B2 RV IR PSR A TR AR o DX S BB 20 B2 A (BB A BBk A ) VB U 30 119 3 b B REVRAE
DIRA TTHR, (R BRI B 5 2 BOP R REEE 2R . SR M B R FEROT 2075, KR Al 5 52
PEPEOY i XS AE (R B R BIB  SE  Bl o 2 SOt AR R rp A 25 R 3 ) BB 4 X FT A AR VR ) 5
Bk, 3 A A GEAR T v A W A 7 b 0 A 2SR BRI B, T AT LA T S S IR DX g T P AR BRI A B
Mo TETHI AR S IR I B R TH B 00 H Xk L B DB, DX A R R W YR ) R R B SR AR D
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H g5 B AR IRE VIR ORI AE R VR BB IR IR 1 O, JU IR ARV R U, S50 XIUAE 25 il A /s o 249 7 P
GRER TR —Ro

FT RBME A A2 7 B BY B R 7R AT BRI X R T R SR B0, R P B 2 DX S BB (B4 B2, PR Wb AR
A S BN TE A TE DO A BEAT A RBME-AR 2SR B T AL B UR ) 0 B, 7 B RS R A T B T AR
HE, R E PR MR BB RR(E R BT . ATHRSEAE I 98 BORAR X $8 8, 7T AR A B Ao X 3
[BIEZES . I RFEER RIE SN S A3 R B MASIRERSE, FE A RREREKARNE ETCHFHM
RA TR 8 , PR B R AR Z 8] T3R8 , B e B o A & A B AR BEIR N & B A SR AR 55
4 HZR5EY

(1) ZR3CLABEUR B T A i Sy 5 0 %o A HE R R 647 O L 2006 £EARMN A 57K 807 1. 03 hm®, A2y
HEZS R 37.76 hm® , NHAEZSHRF N 36.73 hm® o THEELERR Y, AR AR 2450 I A RB(E-HE 5 R B 32 FR b
AT H DR IRK BB - A SR, R Ul 2t AR AR T A X IR R B R KB A A G, DRy S Ty B
RBAEH T E R TTIR o 7™ i R A2 755 B 224 3 ) DRk BER , SR B IR TSR AN DA F 2 3 Y
H AR, 475 R MR FE WO A IR R R 2 4 Sl R AR S 4 . BRI, R R IR TR th
DRI AR SR R T BRI T , BRI B FT S S MR o0+ 2334

(2) MBI PR A, A A 7 b 2 b TP A A0 BB AL o X3k T 7 W TR RS B ) 32% , 3 X Jglk
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BT DX TR X B R A R SRR A , DT BE BE i b S R XS\ R AL S 2 BE T 3 5 A AR BTIR Z 18] 19 5%
R, W E R B X AT SR RRRIR S

(3) MIHEEERAT AT i, (82t BEIRBUSRT °] RS2 K €, 2 e 26 Joxoh 3 _E B2 R 1 A 37 0 3t i 5 2 A
T8, PRAUE DX 3R B AN o 53 B4 A AS R A BT SR, FRAP B TR Do/ N X I A 25 R 5 45 IR
e, T8 BEAEA GEUR A7 b i , 398 0 07 i B, K Sl Rt B T 3 IX 5 i R 8 {23 18] 5 T & R T AT
FHAE RRYR AR RE VR Z5 4 2 R B/ RE VR T U 0 A 285 R 3 , BRI , SCRBARIE AR 7R 801 B AT p itk
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