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Analysis of emergy ecological footprint change of coastal rapid urbanization areas
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Abstract. At present, the contradiction between the rapid development of the economy and the ecological environment is
becoming more obvious in China and is not conducive to sustainable urban development. An ecological footprint is generally
accepted as an indicator of sustainable development. We aimed to find possible problems due to rapid urbanization in
Xiamen City by selecting an improved ecological footprint method, the emergy ecological footprint model ( EEF). We
analyzed the change in the emergy ecological footprint from 1980 to 2010 and evaluated sustainable development. Over 30
years in Xiamen City, the per capita EEF demand increased from 8.6 gha in 1980 to 52.8 gha in 2010, while the per capita
emergy bio—capacity decreased from 181.2 gha in 1980 to 47.5 gha in 2010. In 2009 and 2010, Xiamen's ecological reserve

changed to an ecological deficit. At the same time, the ecological footprint of fossil fuels and the construction on land rapidly
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increased over 30 years. These two make the greatest contribution to the ecological footprint per capita in Xiamen City,
which had the largest proportion after year 2000, and each of them accounted for more than 20%. The analysis showed that
Xiamen city is increasing the pressure on the ecological environment, and it is important to focus on sustainable
development. Therefore, it is necessary to adjust industrial structures and control urbanization in Xiamen. It is important to
reduce the proportion of fossil fuels consumed by secondary industries, as well as to ensure the supply of resources and
reduce the demand and consumption of resources, especially the demand for fossil energy. Xiamen should promote the

development of tertiary industries and the modernization of primary industries.

Key Words: emergy; ecological footprint; urbanization; dynamic change; sustainable development

BB FERE(E (emergy ) (12 Odum %2235 02 BRI AMHTRR LLRR (0 560 JEAE S R ZE AT L
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HRE TR RIRSE ERE FE , 0 AR A R G RS A S i 7R R R . M, T IE A T M R T A bR
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BUHEAT TR . Chen SR FHRE(E A 25 B BRI THFE T EIAE 1953—2006 4F 11 245 2 5] (1 RE VR 2% 14
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AR SRR U TR 1l DX AL T ORI T AR T A I T T R B AEIX T AR 8 AR, 24°23'—24°54'N |
117°53'—118°26'E Z [a] , 4Tl ffi b i A 1699.39 km® , i3 A1 390 km® , A% 2015 4E )%, &M A HEN LN
386 TN, JEI @R W PR, SR 20.9°C 451 RE/K i 1143.5 mm, AT ST RE R 4Nt

http ; //www.ecologica.cn



18 1 hifh A IR DRE T A DX RE (RLAE 2 L AR A B 3

TRV RE MK SEE RUBE R FHABSE LA TR 2
JE T T 1A BRG0P B3 4 A BT Vi 3 4, e A P R rep b it T D T R AR 36
FAAE 1995 AF S 1T AT sl 3ok vl 1k ot o Oy R B R R IX AR i W T EE R 0 TP kT o ORI XU R T T
2009 4, JE ] TI7 A2 Ji s F0 30 i R 17 Ay VA 2 1 R rRL O T DT AT S RS W R B s R
SRR RIAL , TR W 9 5 4 il O 2R g L B az ol RBEXT & 35 Hr s, 2014 4F 12 H 12
i, 45 Bk Bar P B (R A SR X, o E 1] X3k 43.78 k")
R P T i BB/ B N £ B L, B B R 40 B DR 3k T fha R e B R
TR AR SRy i b, 280 IR fb & R RN G IR A EE 22 B0 JE A, IR I i B P R e e i I Al R ) Pk A
WA SCHEBR I T A A5 X, X TR 5 30 Ak 5 v el T e fdt e P 8] ) iR A B R M R R S 7 S
1.2 Bl kiR
P B AR T
CU)IZAEO A A o U5 REVR TS RERH , 2B W e IR - ook A T T geit st
(2) Vil AR A 4L AR Rl | R 1980 F] 2010 4F 43R4 R A 7™ 5l i 7= i i3k e AR, By 26
B AR AR HiE 1980 F 2010 AERY BRI AR SRR A SRR R
(3) E% 8 VR 8 VR 1 oK PH AE (A8 o b B e v )R | B TR 2 a8 4 Bk OT- 2= | b B AR 1fE (GB 2589—
1990) Y REVR I R B 5202
(4) BRI FERAN; T AU RE R A R R BB VPN T e > . BERP IS AR AL U REMEFE R B Ulgiati SCEE
AT,
SERAER A AR SR A ) Ortega SCEREAFENN , ABE AR A & /15 S0 822
REAE A AR TS BT A S R A PR B R s s3] >
1.3 BRMEAAS 2l
1.3.1 B XIREEE
SERAT AR R IR G B R AR SRR B R R AT RRLE R R IR . 51 A BRI RE(E S B K H
REME 5 AR T0 B#e3Eal , SEROFEREER E 5 T2k ih AR ESE S 2Rt .,
ISR N A i
GED =TRE/WSA (1)
K, GED BEERFERBE (sej/hm®) ; TRE ZHBR ] BB REIR (sej/a) , HAE A 1.583% 107 sej/a; WSA 27
FHA (hm®) , HAH N 5.1x10" hm®
AR 4 BRAE % B AR ER— A 3ME, AT DA 2 BR AT gha S 517 (global hectare) , KL, 2 BRF- Y RE %%
JF 2 3.1x10" sej gha ' a1
1.3.2 IHREASRET
AR GEUE AT LAy Sk vl B RE R RIS BT BB B IR, b AN R BT B U0 1 R T AR R B
NZEWABIRI T, 25 H 2540 , A R AT SR R, AR 2R3 A B IR sk, KO ke A4 A stk
PR  FE 3 AR SR B I, 2 BT S e IR A BE B (% RE IR BE R FHBE M BR € RS 58 | XURE | /K A6 77
AE R 7K EE HARRES ) .
— VI A SRS IE T W R R YRR TR BH AR, S T kS B VT, BUOnT B e U A I RB A b i f KA, 7
PR AT 7 118 AR 2 AR 7 1 T AR VR SR 5 DI A3 A SR A
RE(EA AR I R .
EBC =e/ p, (2)
A EBC B ALK S (gha) s e AT HFE IR A KIHREIE; p, N 2EKRTV-YIREIE % (sej gha™

a)s

http ; //www.ecologica.cn



4 A E = 38 &

1.3.3 IR Rl

VI B R H AR BHREE . B el 285 H SR 5 51 ARB M55, 7103 X3 41l 95 351 H
PR BHARE M, K RE (A 40 R e LU 45 e i H BB I, 140 2 MY RE S A0 AN BB . SR Jm 1T 45 28 0 H i A3y
KBHBEME, FH5 AT 220 H 09 A RE (B 55 06t 7 (4 A A A P b i AR, T3 AR S R i i, LA 55 (97 9%
T H FE B AW AP S IR IS SRR IR S IR 9% . AR B IRTE 9 AR BR E UK SR KT IE
A AN/ A28 Fo e SRR R B R TS KRS BRI R R RS R IR
85 K RN RS RRIR ST RN 25000 H AR 4 AR h E BB IR ST A AR 41, B FE e TSR
J155 o RETWAHM/NY 32, P B RRvERE I R s,

REfAAEAS b e

EEF = Y (a;) = Z(;‘) (3)

X EEF J2 AN REEAE ST (gha) 51 2 AARBEIRFN R ;o 2 @ PP AY NI A5 I3 (gha) 5e, 02 @ A BT
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1.3.4 IR ASSTFEER

PR 2 2 00 B 09 NSRRI A 282 308 5 Re (8 A2 RO #1720 BINE SR L8, TS 3 AR R R 5
(ED, ecological deficit) B4 B4 (ER, ecological reserve) , M I iy & AfF 5 X 3ak f4) AT 495452 & R IRAAL

2 HR

JE 1T 1980—2010 4RI REME A A B AL R (R 1) .

F1 EIH 1980—2010 FEEEESEIR ESKENMESESR/ (gha)
Table 1 EEF, EBC and EER in Xiamen city during the period of 1980—2010

A REfEAE S 238 EEF REMEAES7RE JT EBC REfHA &% A EER
Year Emergy ecological footprint Emergy bio-capacity Emergy ecological reserve
1980 8.6 181.2 172.6

1985 11.4 164.8 153.4

1990 17.3 151.3 134.0

1995 29.0 139.4 110.4

2000 28.8 82.5 53.7

2005 41.4 62.0 20.6

2010 52.8 475 -5.3

gha; &FR/N T, global hectare

MITFHLE AT, 1980—2010 4F AP BE(E 2 78 43 B Bt T, N RE(E /K8 1 B 4F TR, 30 4F bR T
2009 ,2010 4, AFIZ A A IEAA, W8 B e R TR 1] P9 A 2835 20 ) i ARl A S i R 2T

REfEZE S R ATHE:, L 2010 4F R, & 2B IR AT AE , 45 28R A W A 7= M A b TR SR S R i 1 31 AR
IFRAEER I 2, HIRA(3) AR ENZAEE T TRl -2E A Rk P 45 5 W3k 2, &4F AR (RS 2
R 52.8 gha, MITELSIRASRE , NBIHHHBAE(E R °H 4.2 gha, A/KIEEIE L84 0.4 gha, APJRLHHE
(B 235K 2.3 gha, ASAALATIREHHHLBE /235 5.5 gha, B AT BEAEL 2 78 (0 TTHR 3563 T 36.4% , e e i )&
I A A PR BT 1 AT AR AN T e R A SRR VR Tl
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Table 2 Calculation process of bio—resource and energy consumption of ecological footprint
P 2 ) B (i 32 By Al fik 1 e b R
s o g R R
Ttem consumed/ coefficien  Tansformity - Emergy density/ ccological  Total/gha footprint (gha/ M)
kg (xJ/kg) (sei/]) (s6i) (sej gha™'a™)  footprint/gha per capita/
IR e 2243713514 13810000 35900 1.11x10% 3.1x10" 358834.2 11362559 (#HHh) 4.2
Bio-resource L2 1226381.5 2302000 2700 7.62x10%3 3.1x10M  24.58855
EES 1779679.2 18420000 690000 2.26x10" 3.1x10" 72965.7
Mg 25346680.9 25530000 690000 4.46x10% 3.1x10" 1440321
A 83571857.9 11000000 3170000 2.91x10?" 3.1x10M 9400486
i 367567377.4 2790000 27000 2.77x10"° 3.0x10'"  89318.87
i 1026738 2300000 79900 1.89x10"7 3.1x10"  608.6569
Akt Rt (m?) 14525 1440000 34900 7.3x10™ 3.0x10™  2.354737  1104539(Hhi) 0.4
TR 117463603.4 5500000 530000 3.42x10% 3.1x10'" 1104537
KT 88776994.7 11000000 2000000 1.95x10! 3.1x10M 6300303 6300303 (7Kik) 23
Lo 3260557.2 11000000 5330000 1.91x10%° 3.1x10™ 616666  14985932( Hiih) 5.5
Ea0| 2027946.7 11000000 5330000 1.19x10% 3.1x10M 3835436
LES 38169238.6 11000000 5330000 2.24x10?! 3.1x10M 7218911
S 242519933 7000000 2000000 3.4x10%° 3.1x10™ 1095251
Sl 22982793.1 45000000 1700000 1.76x10! 3.1x10™ 5671560
Eii:jfwum FrifisdE 6522657840 29307600 66900 1.28x10% 3.1x10M 41254305 Jég%;j;) 15.1

AEMEAE SR THE T, L 2010 4R 40, DXCBR AT SR B IR R (B 45 SR 36 3, sl fe S35 I
AT SR R Hh B R (B TR AR AR P R 2010 AR T B R AT T BR IR AR (E R 3.02% 107 sej, FIHAR
(2) 3343 2010 4E )T AXIRE(E-LE SR8 R 47.52 gha,

F3 2010 FAEHRREEITEER

Table 3 Emergy calculation results of renewable resources in 2010

SgE| [z REMH % KBAREME
Item Energy/J Transformity / ( sej/J) Emergy/sej
KPHAERE R Solar energy 8.8931x10' 1 8.8931x10"
K AERER Wind energy 3.10727x10'8 2510 7.79924x 102
/K24 HE Chemical energy of rainwater 8.89524x10" 30500 2.71305x10%
M7k #BE Rainwater potential 2.68226x10' 17600 4.72077x10"
HiBRfEFEBE Earth rotation energy 2.2823x10" 57600 1.3146x10%
TFIRAE Ocean wave energy 8.77003x10' 51200 4.49026x10%!
W AE Tidal energy 1.05477x10' 51200 5.40044x10'8
Hi#HE Geothermal energy 4.37064x10'® 12000 5.24477x10%

ZEO BB AR A B A A: R B A S R (K 1) ,2010 4R JE ] A E BB A N -5.28 gha, £ UZAEG E
1T B G R R R R B A S R T

X 30 4 AN BIRE(E L I -5 7K S sh A AR L HE T 0, 25 R A B AR oy S ) 7T AR BB (AR S
TS B BRI HAE 1980 4EfK) 8.6 gha B HIF] 2010 4FEAY 52.8 gha, MK FIK 614.0% , Hirh 1980 4E3)
1990 48] H A5 F-F4 , 2000 Jr 4 1 BH & b

ST T NS REfH AR R 2 T Hr 1980 4E (1) 181.2 gha 742 T FEF 47.5 gha, TFER 1980 4F1Y 26.2% , X Fil
TR B R B T R BN R (E A BRI 7E 30 A [ KR/

AT ERFE (B 2) |, Wi F i 0 A 25 R il de ey, R /K (B 38 Z J5 B4R T R, 3] 2010 4R 2 i

http ; //www.ecologica.cn



A E = 38 &

200.00
180.00
160.00
140.00
120.00
100.00

80.00

NF4H (gha)
Per capita value

60.00
40.00
20.00

m ABEA R EEF REfE & #) EBC

1980 1985 1990 1995 2000 2005 2010

44 Year

E1 BEESETMESKENTLE

Fig.1 Component of emergy ecological footprint and bio-capacity of Xiamen City
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Fig.2 Emergy ecological footprint of Xiamen City over 30 years

B LU R/ N 3 o 30 AR TRIA A7 A 3t R e Pt ) A 285 R i g U, xS T T B R
A2 B Tk AR, I HLACR 2000 A7 Je S A R 308w B o BB R B9 2 73, 4% A o5 Fol i 20%

MFE 1 AT LR B, 30 4F ] Re (AR A R b B R0 K fa 3 i 3 K BRI B 5 T Tk
AT A I A TGH R R, 25 28 A AR TR TG S SRR B R R T R R R R, R R AR TR K AN
Py AR IR B e 5 ) H g

I T REAE B AT AR FA R B AR /1N, 1980 4E 1Y 172.6 gha 18/0 3] 2010 4E(1-5.3 gha, H:7E 2010 4EH
BB IR R IR, BT X AR AT G IR T SR T L8 A S R G B, IR T 54
KRG Sy, RN A ) A 28 AF LR T 0] DA — PR R A S A Ay, IS K BH A AU LK fiE L Mk
PEUR AN T AR IR A A TR R B & A 2 A T

3] 2009 AF T THT 3R T AL Z6IA 5 88.4% (2010 4F 11 H 1 H BB HARMER ST SR E A
Cy A A 353 7 AR N 0 312 J7) i T 2010 454 IR T b3 49.68% (2010 4E 11 A 1 HEN K
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WS T PIR TR S G A S R F , BB (E AR S ALK ) A R S e i s B A A
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