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Abstract: The Multi-Scale Integrated Assessment of Societal Metabolism method has been widely used to comprehensively
evaluate levels of social development and sustainability. It can also be regarded as the basis of urban development policy
creation for urban managers and decision-makers. However, although there is an increasing amount of research about
variables and scales of the method, very little focuses on the ecological aspect and the impacts of scale on the variables. This
study evaluates the societal metabolism and comprehensive development situation of China’s four municipalities between
2004 and 2010 by adopting the method of Multi-Scale Integrated Assessment of Societal Metabolism ( MSIASM ). This
method includes indicators of Exosomatic Metabolic Rate and Energy Intensity at different organizational scales, as well as
Bio-economic Pressure. The carbon emissions from energy consumption was first introduced into MSIASM to assess the
ecological aspect of urban development and to assess the impacts of different organizational scales on the indicators The
results demonstrates that overall development of China’s four municipalities’ societal metabolism is in good condition with a

steady increase in Exosomatic Metabolic Rate and Bio-economic Pressure and a ceaseless decrease in energy intensity and
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carbon emissions per unit of energy consumption. In terms of the integrated performance of social economic systems, each
municipality reflected its own unique developmental characteristics. In the case of Shanghai, the gradual downsizing of the
agricultural industry and the high-level development of the manufacturing industry, reflected the typical characteristics of
the late-industrialization city in China. The development of Beijing showed a close relationship with the city’s preparation for
the Olympic Games. This included strict limitations on energy investment and industrial pollution as well as vigorous
development on the construction of transportation infrastructure. Tianjin's development presented the status of the booming
manufacturing industry and the relatively lagging service industry, which are the features of a rapidly industrializing city in
general. The overall level of development level in Chongging was lower than the other three cities, embodying the city’s
traits during the transformation of industry structure from agriculture to industrialization. Additionally, the indicators were
affected by scale and show different characteristics, especially for the Exosomatic Metabolic Rate, Energy Intensity and
Economic Labor Productivity under the industry scale. The prominent role of controlling the energy consumption of the
manufacturing industry and the transportation department on rising energy efficiency of production. The development of low
energy consumption and high economic productivity industry such as the financial industry and the computer industry are
also very important to take into consideration. In conclusion, this study introduces ecological indicators and dynamic working
time data into the classic MSIASM method for a more comprehensive evaluation of the city’s sustainability and firstly applies
the model down to the industry scale. It can detect the composite effects of number of employee and average working hour. It
provides a new perspective for environmental impact assessment of energy use and a new tool to guide future urban planning
and development. Based on the result that EMR and BER show different characteristics under different scales, this method

should be carefully used when face to evaluate the level of regional social development.

Key Words: multi-scale integrated assessment of societal metabolism; exosomatic metabolism; carbon emission; China's

four municipalities
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FEMA T 24t 2 REE ) CO, HERUME B0 2% ) (HANG A AR A AT 5 2%, AR R A B P72
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R4, CEMR,, = TCE/ THA ,%#5] CEMR,= CE./HA,,
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2.1 VUK ERE A2 RS BT 1R SN REARISR 40 B

DY BT 2004 & 2010 AR fdk £ SRR FRI VRSN AR 1 fivR, 4555, EMR,, JO(E )y i
g bR R = AR T 1999 AR TSP 3 7.82 MI/h, R T[R4 AUSCAN (- Australian/
Canadian , R CF]Y. € FE FUMEK) B9 38.77 MJ/h, F1HA OECD ( Organization for Economic Cooperation and
Development ) [ 5 (N2 &% AUSCAN) Y 15.68 MJ/h KEALAE [a]—/K P20 5 BRI i oK 15 51 1999 4R 1y it

F1 HXEETEIIVEP RSB
Table 1 Exosomatic Metabolic Rate (EMR) of each department of China’s four municipalities

HRAMEEARIH# Exosomatic Metabolic Rate ( (EMR)/(MJ/h) FRBOT- 1 % i v
T Algebraic average
2004 2005 2006 2007 2008 2009 2010 Average value development speed/ %
EMRg, it 13.50 14.71 15.27 15.84 16.12 15.69 16.22 15.34 104.22
Jba 11.52 12.01 12.49 12.88 12.49 12.53 11.86 12.25 102.05
R 12.08 13.20 14.08 14.84 15.26 16.00 17.63 14.73 106.54
GiV/S 3.52 5.21 5.63 6.20 7.63 8.23 9.11 6.50 120.06
EMR, it 21.15 20.74 18.83 21.01 23.15 19.37 23.25 21.07 99.87
Jese 18.28 18.24 20.59 23.36 23.05 23.86 22.17 21.37 105.16
K 9.83 11.77 12.67 15.05 15.24 16.19 16.46 13.89 111.34
HK 3.06 3.9 4.51 5.12 5.47 5.46 5.73 4.76 114.51
EMR, - 125.80  141.20  148.50  158.84  167.42  165.17  168.23 153.60 106.59
Jbse 13428 128.07 135.88  138.39 142,55  145.01  151.79 139.42 101.25
PN 132.59 13522 150.02  152.62  166.43  173.09  191.30 157.33 105.66
K 94.05  124.56  130.47 14540 18577  192.94  195.22 152.63 115.85
EMR, it 60.67 60.39 63.23 72.23 75.62 75.78 77.44 69.34 104.42
Jbst 4120 4263 44.96 49.71 49.76 51.17 50.70 47.16 104.47
PNE: 4772 45.92 45.85 44.26 41.82 42.23 41.79 44.23 97.46
GIY/N 9.82 14.67 17.22 20.17 22.50 21.70 24.20 18.61 120.86
EMR - 1.25 1.36 1.46 1.54 1.67 1.65 1.68 1.52 106.27
Jeat 1.98 2.11 2.28 2.43 2.49 2.61 2.44 2.33 105.39
Ko 1.61 1.78 1.80 1.88 2.01 2.26 2.20 1.93 106.00
HR 0.37 0.65 0.74 0.73 0.82 0.90 0.94 0.74 122.43

EMRqy : 22 ST S ARSMETGIA  EMR 55— L ARSMERCI A EMR 5 P AL PRI EMR 55 = P L AR AR AR EMR
KRS ER %
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PI{H (BFE EMR, A JR S B J7 18T, A 50 Bk 2004 A4 (55 DE 2004 AR R Y S H T - S 30 TR A%) J5
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7 EMR,,,, B35 AR A A | 32 3T sl i 7 4% H EMRG, A9 & FE o 5 | JH rp 5 DG T Al 488 K 0 e B, 55 Yong
Geng 45" 45 AL, {0 Fy THCE A Had B R — 80, 45 SR A2 MR, EMR,,, AP 4 H AR BE T DU K Bk
TN RAE TS AV I FRE S i3 | (R R 2 8 37 e e X B B AR ) 3t 2 i), B R RUBE (AR5 o 1995 4F 7
PEZF () EMR,, 4 3 MJ/h, 1999 4F OECD E K EMR,, FXIEN 6 MI/h, FEE W L] 10 MI/h PP

7 R AP0 45 BT TARSMEAR 2 L, A3k T el TR TR RO . BT EMR, B = A= b e bRy
BT EMR, W ARHE T 5 EMR g AU BE R HBE | JFEA{E S DU T P i 5, EMR SRR AT BRI 302 R0l 3
IV RE VR A ) 4 D5 P85 R 55 3 B PR sk A e A 5 8, — D T B e T kA e U A e kR AR R 1) 3% T 4 0
R ik LR ) 53— T AR LR A A B A 3 i A e A1) 25 4 2 ) 9 AR b A PR R 4R T, LT EMR,
EMR, ¥4 = T I EMR, (35K BB | I EMR, {UCA B GO K, B ILIE S DU T S, X 546 AE 07 4 )5 4
ET, Bk H A —E R R, KA EMR S04 ik 111.34% 02 & B B EMR, %55 75 EMR,, ALK
RO TR EMR, U L T R, R R EE T T S5 R R SR . B IR T AE I BR T 2004 AR 5 Y
2005—2010 4E EMR,, .EMR, .EMR, .EMR, #l EMR,,,, 1850714 % J2 3 B 43 51k 111.71% ,109.32% .110.55% |
112.46%H1 108.00% , B A H PR TH = K2 EMR 445 T AR K3 | (H EMR, . EMR, {5 4B K IR
FHE =,

A HE—28 REERA R TAT L2, 3 B E R T gt AR — =g Tk fnge sk,
B ARIBR ], A AR EE i R B 5 3 2004 2 2010 4R MRS REACHIR AR, il 1 iR, 25 R Wi 7
AEA] BARIE R FCBOF 2 & R R 43 N 106.79% F1 116.28% , MHES A SO % s vp Fhi , Tl ] EMR %
MR RREE K, B HAE IR & T IRIAEE Y EMR, JEMR, , KB T AT SR 2 R BRI A ) B 250
2.2 DURKEFET AL S KA HB1 T RE IR 2 B o bt

W
(=
S

DU K ELE Ak 2 BRI AR Ta [H] R IR 25 B (78 yso | T —m- S 238.50
D N 207.35
etk 2, MHESHEMORE | U R H R EL SARREAR 200 s gg 17025 17908 192.61

(FPRAERIBE 2004 4EEHE 5 2005—2010 4E/) Elg,
RIEHE R 98.15% ) , S T AR FR 28 5% A5 e vl HE i
FRmAER] TR ER . EST TREIR B R, &
FETT R TORE AR AL, BT EL, FE 0O T b
PLEL AL EL AR BE 8/, JLstTi B B A 3K EL
I EL A AR, o rf EL 09 R 36 R DU T e b, R el 1 2004—2010 £ X iEH Tl FngE Sk ik s gE R 5t =
B, A SRR B L R B B A B, St BB e e
R o U e b, BRI AE IR T 2004 4R 5040 5 7Y
2005—2010 4E EI, \EL, ELARECE Y % & /371 106.39% 91.67% 103.89% , B/ i EL Fl EL &b K |
EL RARFEARAY & RS, (AR, B A EIECRR S5 7 R IR AR, X —F8 br ) i 1 B {7 e 5
FES = AR AR E >, B BT (AARAR, 007 BERE AV 2B PR . 28 =P 2 B0 (3 g R MBI REARE R ], &8
TrAE P Y RBIRRCR = . MG KR, Bilg R H A & B AR P RR IR AR B KA I s — ™)k,
X — S GG A CHARE R T Ay e B E A

i — 25 WA RUBE AT, A1 Ry 5 R B R il A Tk 55 1 38 40 W v AAR ARy, 181 2 S T 2005—2010 4k 5t
T ERATF AT RRIRF AR, WAXHEER SRl A (5 B AL 5 TTRENUIRS Al =7 AR m)
EL #0352 A Fem A B AR P RETR AR, « AClas iy S Af TR0l Fn TTlk” WIHA e s A Tlk EL; AR
AT ARBOT-35 & R B de e (R AT = AT AR IR R “ A8l iz i & i ATIR L (113.02% ) 7K FI] R385 Fl
AL L (107.01% ) A1 {5 AR IHEHLIRSS R ARL” (104.89%) , Bk 17 ATl 12 47l E
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T 6a (M4 FTREAR . S LB RSO0 AT, 15 32 Far vl T 1A BT RS R A5 b st BE IS B T AR A JE A

F2 MAEETEMIIREZE
Table 2 Energy Intensity ( EI) of each department of China’s four municipalities
RE R %% 35 Energy Intensity (EI) /(MJ/JT) AREOT Y8 e e

SEHE Algebraic average
development speed/%

2004 2005 2006 2007 2008 2009 2010

Average value

Elg, g 3.03 3.11 3.08 3.07 3.11 2.83 2.84 3.01 99.81
deae 2.81 2.72 2.59 2.45 2.35 2.22 2.15 2.47 95.64
Kt 3.92 3.82 3.71 3.61 3.30 3.21 3.25 3.54 96.60
EiSS 3.64 4.87 4.81 4.85 4.61 4.42 4.34 4.51 107.07
EI, g 4.73 3.87 3.06 3.19 3.24 2.62 2.92 3.38 88.48
deae 3.57 3.53 3.85 4.05 4.08 3.99 4.24 3.90 102.94
Kt 2.15 2.36 2.74 3.03 3.01 3.02 3.23 2.79 108.66
EEY5S 1.41 1.61 1.94 2.01 1.96 1.82 2.01 1.82 108.49
EI, 1 ifg 3.66 3.83 3.75 3.69 3.72 3.70 3.54 3.70 100.32
Jbm 4.32 4.28 4.23 3.92 3.67 3.21 3.10 3.82 95.85
Kt 4.49 4.39 4.27 4.29 3.97 3.87 4.08 4.20 97.71
GiN 5.74 8.21 7.55 7.05 6.09 5.77 5.39 6.54 104.35
EI, I i 1.82 1.87 1.91 1.94 1.97 1.71 1.76 1.85 100.67
Jbm 1.46 1.45 1.39 1.35 1.36 1.35 1.30 1.38 98.21
PN 2.10 2.01 1.90 1.70 1.43 1.34 1.27 1.68 92.43
EY)N 1.20 1.59 1.70 1.91 1.86 1.66 1.78 1.67 110.90
Elg, « 412 MR REIR % B 25— RV EL S LIRS E  EL S = L se IR
@9— N 2005 W2006 W 2007 W 2008 M 2009 2010
3 o[
S 7
®I 6
w2 s5p
ES5 45
£E 3
2
Q 1
a0
Y » W
o @ P S P R @
B 2N w%;» %— & &
g @%@oﬁ@ MEPO »@’@«&
§F ﬁz§§ B} é§6@~§5%§ @ﬁ o
N ,@ﬂ&< f% & @ % \ %
& R )%) 4‘
#§,@- i @ }

R

B2 2005—2010 FRHEREFSTUEREZRE
Fig.2 Energy Intensity ( EI) of national economic industries of Beijing in 2005—2010

2.3 UK EFENAEY-Z5 KT

HY)-2 5 1 HR bR e T ARG S BN R ) . S SR 90% LA N E Y 107 S E K 1Y i%dE
PRF, LR T 24 MGG AR 1 FZ5F K S48 47 il BEP ZIEﬂ E’aaé? TERH 5 A 2R A BR AR 22 55 & K
SRR A IS A B A IEAE . AHFSE WoR , PUK B FETT 2004 5] 2010 4F BEP B A 48Pt K (& 3) ,
RECE 14 % ek B i db gt R H R0 98 109.14% . 107.01% ,106.33% 122.32% . {8 4t 50 LA
271.77 MJ/h FEDUTT i i, b R E PR Uy 240.41 MJ/h 184.89 MJv H176.40 MI/h, 5 bk F%[H
% 1995 4E/5 47 BEP B i B35t e o, i B 5T 2010 4E (Y BEP AT 15 4F Fiy 7 S AR F S A4 7K - 22
], RE S 22 (0 BEP #3530 , PR BEP W 5848 LV | 2 3 P4 Wi 40 AR 24
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Fig. 3

Bio-economic Pressure ( BEP ) of China’ s four

municipalities in 2004—2010

BT REVR T SR HEBORE | CE,,, 7 T DU T 7E 2 JR ik B 22 BRSS9 2 B0 1 i At i 230, R EEmE A%, &
PRZEFEICK IS Ry, [ R HB1Trh, CE | 34 J 1 5 B o T =l R Rl 1 oA R & s, DY
Hi A BT b b R R R 5 CE, Y8 5 T b ey, AU TR i, & SR B 1 A dE st A7 AE W
B ABRAS; CE, A i 28 i bt I T POBR B T R R T, & JR R 45 T T M = ke, R
HIE KBNS, #5110 CE, \CE, \CE, I CE,, (135 A Jré 3 B # I T-X5 B 1) BT & sk B, vt B [ R &8 B 430 1 TR

AT TH 2 A RETR S5 A4 AT /e IR 5L B

£3 NREETEBIIEEHBRHRE

Table 3 Carbon Emission( CE) from Energy Consumption of each department of China’s four municipalities

WeHE Carbon Emission(CE)/(10* t)

PB4 e o il 2

ST Algebraic average
2004 2005 2006 2007 2008 2009 2010 Average value development speed/%
CEg, I 4638.66 5027.63 5399.63 5747.41 5881.29 5972.03 6523.38 5598.58 106.21
dbnt 2819.04 2961.54 3055.32 3251.71 3022.60 3103.66 3226.82 3062.95 102.75
Kt 2550.14 2769.21 2949.46 3209.76 3475.93 3823.22 4385.62 3309.05 108.58
Eil/ 1909.54 2294.71 2513.57 2587.54 3599.12 3779.95 3931.25 2945.10 114.20
CE, i 66.82 58.45 44.78 44.11 35.96 35.80 35.75 45.95 87.17
b 46.70 46.03 47.90 49.50 48.87 46.14 44.66 47.12 100.30
Rt 43.07 50.27 49.38 49.73 48.20 49.61 56.97 49.60 104.67
Gil/N 130.18  154.13  169.85  168.55 175.85  168.07  192.26 165.56 107.93
CE, i 2043.85 3197.55 3398.68 3492.40 3525.00 3477.99 3879.01 3416.35 104.92
Jbst 1537.57 1549.78 1502.09 1527.10 1218.58 1240.82 1327.01 1414.71 97.21
K 1712.26  1875.54 2053.18 2249.78 2500.97 2741.75 3152.32 2326.55 110.08
HER 1320.33  1636.70 1740.12 1720.55 2677.38 2819.94 2863.47 2111.21 115.37
CE, g 1255.56  1371.04 1529.47 1758.24 1837.80 1948.23 2068.17 1681.22 109.60
dbat 838.08 94597 1038.87 1167.13 1232.41 1259.60 1279.84 1108.84 109.21
Kt 489.13  509.30  513.00 552.73  533.35 577.06  666.06 548.66 103.81
GilN 226.58  270.83  326.34  402.83  439.86  459.67  535.89 380.29 116.93
CEpy g 372.43  400.60  426.69  452.66  482.53  510.00  540.46 455.05 106.62
b 396.69  419.76  466.46  507.97 52274  557.10  575.30 492.29 107.12
Kt 305.68  334.10  333.90 357.52  393.40  454.80  510.27 384.24 107.54
GiN 232.45  233.05  277.27 295.60  306.02  332.26  339.63 288.04 107.08

CEg, 4125 BUARRE IR TeRkHE AR ; CE 35 — P ML B HEA L ; CE 58 = B HEBURE ; CE . 58 = P L BRHE AU 5 CE yyyy - FRIBGH T IRSHE R

AHFFEHE— 2 BETRIH B4 H L3 AT 1 VUK LR T A9 RE VRN e HE O AR a3 (3R 4) o IVEEIRREIRZS
A R BB REIR ™ A ) B HE RO SR 2 DU DR Rk T I 1) 2 2R IR, 39 B o CE, B9 HUE BTl bRt R
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He E RS h 56.18% \57.49% 76.95% F1 81.76% , H. % Lt i i i RV | =5 DR 9 11 () B4 i 0 1) -3 e
AU SRR e S RE TR R HE R A A AR PR T2 B2 h T 2007—2008 4 F KR FRAR , 1T 76 A il 28 AR SR < 1 )
A BRI S 5 A, UER RB VRS54 L b oy 25 7 Bz 25 B il 1) 32 BRI e S BB R 1 39 4 5 A i 2 AR IR e HE
D51, PUTHAE 7a ()33 B0 R 0 e s AR5 22384 Hoh g A6 R P T B4 386K ol B R Ao B e S S8 s AR
REVRBRHE BT T8, YIELEDUT CEg, A7 EERERAR, K Jre o i Ty T L0 bt R =71 B S TR ) 3 3k
FARE YA FAE TR AT I AR A B HE s 2R 80, R = T 7 3 — T T R IR ) (o 1 R ok T 4k 8 &
PRAEAHSC TAE LA PR W

R4 NAEETELEFEHBRIENE
Table 4 Carbon Emission( CE) from different types of Energy Consumption of China’s four municipalities

fIEVEANZE Types of energy/ (10 t) FOBOF 1 o ok i

S Algebraic average
development speed/%

2004 2005 2006 2007 2008 2009 2010

Average value

IR ¥ 2942.92 305453 2977.34 3124.58 3255.85 3209.54 3453.37 3145.45 102.21
Coal [ 1860.57 1887.35 1876.53 1914.72 1574.10 159437 1619.64 1761.04 98.16
K 1957.13 215679 2322.79 2520.26 2689.31 2982.23 3194.55 2546.15 108.67
G, 1513.79 1846.84 2013.72 2196.00 2971.99 3132.62 3179.45 2407.77 115.19
FERIIES - 1654.90 1893.16 2297.48 2482.58 2478.37 2594.68 2841.33 2320.36 111.10
Petroleum bt 812.63  901.02  958.48 1079.98 1113.77 1133.59 1196.14 1027.94 107.75
K 548.54  561.79  563.51  586.43  691.87  738.91 1060.42 678.78 107.03
HER 219.26  241.02  270.75  318.12  348.04  361.19  424.19 311.80 111.56
PN/t g 40.84 79.94  124.81  140.25  147.06  167.81  228.69 132.77 138.44
Natural gas  Jt5T 145.84  173.17  220.30  257.01 33474 37570  411.04 273.97 120.58
K 44.46 50.63 63.16  103.07 94.74  102.08  130.65 84.11 120.81
HK 176.49  206.84  229.10 73.42  279.09  286.14  327.60 225.53 108.08

2.4.2  WRHEEAR PR

B HE R A 5 256 7 AL 3% R[] ) RE VR T R HE O, R 1 4k S RACRN 4350 1 Ao Bsf [ F) R BT R i
EL% MSTASM 1A 2 75 A= A FREEPEM I 00 R . 35 R PUK BT #H2 SR FI &35 2004 Z 2010 4E [k
HERCAR R A O . 55 3R, CEMR, BB 7 1 R i s, 51 DR IR I, & Rl 3 Jr i b st vl e LA 17 F 34
e, T PR B3GR i R 48 T 1 R R IR T EMR, 1Y & R 3 | [RIRE s 1 BBV 2 A 10 1) B d7 3
S AT TRBRHERA I R, CEMR B BB T AP M3 K 390 Bk )y K BT HED & v
PEmEZ 0 R 7R3 s T LV BT s CEMR 5 TAT, - ¥ T 40 A5 5 v 108 S50 (AR i PR %) R ARkt 5, 5 PR Jg
Z A AR A B R PG R R SE R 5 4% T Y CEMR, 5 35 55 T B30T s 1788 7\ e BEAE i BR B 5
B AR L, R R b s S CEMR, ZRAAAY4F A s CEMR, 5 T, F 1 T 1A fses i 4, KA I i v
M — JR PR A A A3 T, B AR SR AT S5 AR A B0 (LRI i DR & o T

DU EEETT AR ) L b R T S HE R BT B AR RIS B . SE 1, AR T CEs, (CE, \CE,
TEFER R MR AT A T = TR, K H/E CEMR,, Al CEMR, [#R# i T FIERJE S5 — , 5 C BUARAE CE, iy
{EUFIR R S 1R fe ey, {H L CEMR 408 WG A T & =7, 0 i e e s LAl B4 Ak iR 4t Ak B
MU L RE A R 220 2 & SR FE )5 T, AN [F) T CE, f/MEsE K b 50 1E CEMR,, b3 AKH Fr AR, K
HAE CEMR, b1 SRR AWIEAE CE, LT AR BN, SORE , UK BT 4581 14 CEMR LWk
HEEREART CE LA 845, s Hh 3 55 3l 1 USRI sl i) ] i s X B HE RO F8 AR i EE 252

3 Fit5iTie
(1) S VYR ELFETT 2004 2 2010 AFAE2BAR 770lk AL AN [ RUBE B AR 1 REA QI R AN RE IR % 2 70 A
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UESEZT5 ¥k AT LIS (R BEAQHPAR S S & BRPPAR . WP R B, DU R LA 7 SRR UL EMR, AW TH iR
EL AWTREAR L2 ARl A i BT s DU R BLEE T EMR,,,, BYSEA BO s i sl id 14 B EMR, AR i
B

x5 NAEEWEIIIBGHEMRBEE
Table 5 Carbon Emission Metabolic Rate( CEMR) of each department of China’s four municipalities
WRHENAC % Carbon Emission Metabolic Rate( CEMR) / (kg/h) (BT K

SEHE Algebraic average
development speed/ %

2004 2005 2006 2007 2008 2009 2010

Average value

CEMRg, Lifg 0.2886  0.3036  0.3138  0.3179  0.3136  0.3084  0.3234 0.3099 102.37
dtnt 0.2156  0.2198  0.2206  0.2273  0.2036  0.2019  0.1878 0.2109 99.27
KHE 0.2844  0.3031 0.3132  0.3286  0.3374  0.3554  0.3853 0.3296 104.88
LN 0.0780  0.0936  0.1022  0.1049  0.1447  0.1509  0.1556 0.1186 113.71
CEMR, L 0.4452  0.4294 03715 0.4135 0.3724  0.3773  0.4467 0.4080 97.08
dtnt 0.3402  0.3318  0.3646  0.4092  0.3968  0.3794  0.3371 0.3656 102.39
Kt 0.2331 0.2755  0.2794  0.3252  0.3231 0.3352  0.3575 0.3041 108.76
GilN 0.0829  0.1019  0.1173  0.1289  0.1379  0.1347  0.1434 0.1210 112.42
CEMR, i 2.8263  3.0472  3.2190  3.3504  3.4711 3.3975  3.5549 3.2666 104.79
dbnt 2.8041 2.6336  2.6436  2.7183 24612  2.5790  2.6687 2.6441 98.04
Kt 3.2608  3.2400  3.4811 3.5029  3.8545  4.0421 4.2502 3.6616 103.84
R 1.9938  2.2699  2.4070  2.3762  3.6463 3.5925 3.3085 2.7991 111.15
CEMR;, g 1.1629 1.1288 1.1760 1.3458 1.3514 1.4050 1.4280 1.2854 103.32
dent 0.6583  0.6713  0.7026  0.7823  0.7601 0.7521 0.7262 0.7218 103.06
KH 0.9562  0.8898  0.8578  0.8456  0.7626  0.7717  0.7979 0.8402 95.66
HK 0.1989  0.2182  0.2578  0.3206  0.3463 0.3527  0.3906 0.2979 113.25
CEMR g 0.0270  0.0283  0.0290  0.0290  0.0296  0.0303  0.0308 0.0291 102.54
dent 0.0357  0.0370  0.0400  0.0419  0.0415 0.0425 0.0389 0.0396 103.48
Kt 0.0395  0.0428  0.0415  0.0430  0.0447  0.0495  0.0529 0.0448 104.22
HR 0.0110  0.0111 0.0131 0.0138  0.0142  0.0153  0.0157 0.0135 106.59

CEMR, < #1221 PR BT S0 TR ; CEMR - 45— 7= L BRHERCIR IR CEMR - 45 — 7 Il B S TR A 3¢, CEMR 25— 7 e B 1R
25 CEMR - S BRHERC AL

FEE R B I MARSMRe A L IR s T & 8T i R R AL, LT EMR, B A & = K™k
B = BIFRT] EMR ¥1H 153.60 MJ/h P35 % e B 106.59% , 38 o3 AE IR 2 B2 A s H3E — =l 22 9%
A P REIR AR KIS TF HoAfh ™, 25 6 RIS A= 3 (R 7 VR4 Ak RS it g i) 28
TR REFEEE Tl A BRI 1o S0 ER 7 L BB R T R 45 A AN 2 D i Ky =R 6 780 I i AL FE SURE AR Tolk Al
BT RETHT . JEETT EMR, A 3 & R 101.25% RO s K, HI4ME 139.42 MJ/h A DU T ek H. EIL A9
R A DU T bR (S &% R 95.85% ) ,iX 5L 5 AE 2007 4EJ5 Xt BT, ™ #& 6l — 2 R, i 7L
BB B B B A R . R T EMR, FEL 08 53k 111.34% F1 107.16% 715 & J2 s
EMR, W 80T S84 B EL BRSO U et (P35 % R 92.43% ) , i H R LT 72 Mk 2540 1 R o8 38, 56
— P T R B = BRI FHASCR 55 = T3 Y s AR IR A . FE R = Kk B EMR GREE T AHA
5 e K B EMR, EMR,YI{H 4.76 MJ/h 18.61 MJ/h #RAMEAL T Ho e =i M NAE, BT, 1 E1 454 45 b s
K, S et B TR AE K s — (5 = b RE IR A (4 [R] B v B S AT BB ) A

FEAT Y R JZ 1, ASHIFFE Y50 4 i S A2 s T TR0 BT 38 K645 b 5t iy REVRAS B TR A E 201, W)
A R A 5 o kS 0 R 4 ARSI T I A R T

(2) &% B P R AP i o i Sl B e —— < AR 2 TAERT IR Z2 o8 36 F 20 22 90 AR0 S — ARy s
B R A 1 UK 2004 2 2010 SRR S i sh A TAERS RIS 5 1A T4 SR 2 R L6 3P4 7
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B AR AT S X — S R A a1 S S AR T Mol NS -3 TAERF 1119 &2 A 300, FERE AR RS 1) )i B R
FEIRA T4 ATV 1, B R A RS AR RO 25 1 3T PRk & JR A 45 TUIR B

AT —H K EMR,, \EMR,, 1 BEP 3X 3 A1) AR 41 2 A 7= R 2K (9 48 b -5 1 /228 W 9%
B IEAT T A, B H R VA i AL SR T, 2010 4F EMR,, A BEP tBAUKARF 2 T 10—15a A
A ik [ R AR K EMR KRV 5 . A3 Ramos-Martin 25X} 1990 2 2005 4F P4 HESF 4 55 & 1k (100
B R ABX AR BR TS5 Bl U KREEIT N EMR,, M EMR,,, ", H EMR,,, KRG T 75 EF B K
RBERFHRFEPRE o E XU 58 R T R db AL RR IR A ™ X EMRg, Al EMR,,, 55 T 2R 88 1F
VR UE Rk i AR B 4 3048 PO S N 56l S X ) EMR R 3HA 7R R TP KY . BEP [45
Xt KT 2007 4F BEP (421 MI/h) PV 838 Tt 4 R /KPS s 1 BT (249 MI/h) 63T (270
MI/h) AR BEEHE , HE—2E Tk JLAN R b — 2R 90 25 57 5 2 ol X BB R A 7= RS B s A AN R S 800, T
WK FITFE A AL 745 2009 AE (U — R BB IR AE 7= AT 6.62 x 107 t, LI [EAF A EE 2 0, i Fi o IX 2 2 1)
RE VR b 4544 22 5245 35 52 EMR A BEP (8 =i

ZE L RTR  NHF T RE B EMR I BEP B HORUERE S T 45 A AR IR A 7= R 2 25 M0 25 6 it
AN FE ELEEXT L BB RAEAS W] X 3kt 25 % R AR I eAb, B I AH JCHIF 58 3 B 57 B B ] 22 2k 1995
AP 4 ENE B, Bz PR AR XML AT A T AR A PRAR L 25 18, — e R L AIRA
T F5 B E IEAR Sk EMR A BEP {8 13 Rt (e

(3) AHIFFE P BBV e ARHE B A M AR T T L A 22 RUBE 2565 VEAG 7 A AR A PP A T A 55 34
LEA T HTIU K EAETT 2004 2 2010 4EAE IR T S B HER™ Wb 4544 , 55 — = b i i HE AL |5 B s, B0 RBFE R
HE A e (R PRI FLAE — b S5, BE AR AR HE O w5 ) | e HE i A Qi 3 b ey EL ISR A, o H g 5 —
PRI R AR AL REIRSSH4 4R TR RE IR F EL Bl 938 YIE |, A5 | 5 7= 454 B i B RE T T4
M 1] g B (AR A S %) FL 7 ML s S A7 oMb 5 385 =7 Ml ik HIE e 385 o el (B A Ay =T i
Py BAE g A6t LRI Ak H B R S BT, #2741 7 8 e 2l 0 1] 1) R R R R ASCR IR
WAV N S S W s B iiba s xS O S | g e L e e = 3L 5 A B | 4 M G LR
HLF 15 55 AR 8 85 A PR MR 25l 14 2 88 DA REAVR S5 7= Ml v (R BT A B AR |, )22 A0 20 — =\ A RE VR AR
GBI TR FNARHE RO A, — 7 T2 P 3k iy A dE R A N R 0 A 36 A B T AR B, 5
— 7 TET A T SRR R 8 ORR it () A2 2 AL A B, IR R A SR AR ) B R T R AR HE R

BT ;o 7 UG BN T A5 ) SR B S S RIS .
£ Xk ( References) ;

[ 1] Giampietro M, Bukkens S. Sustainable development-scientific and ethical assessments. Journal of Agricultural and Environmental Ethics, 1992, 5
(1):27-57.

[ 2] Giampietro M, Mayumi K. A dynamic model of socioeconomic systems based on hierarchy theory and its application to sustainability. Structural
Change and Economic Dynamics, 1997, 8(4) : 453-469.

[ 3] Giampietro M, Mayumi K. Multiple-scale integrated assessment of societal metabolism: Introducing the approach. Population and Environment,
2000, 22(2); 109-153.

[ 4] Giampietro M, Mayumi K, Bukkens S G F. Multiple-scale integrated assessment of societal metabolism; an analytical tool to study development and
sustainability. Environment, Development and Sustainability, 2001, 3(4) : 275-307.

[5] TEXR%. RS UELG I (MSIASM) B EA TG 5 500, skl , 2008, 23(1) : 63-70.

[ 6] Giampietro M, Mayumi K, Ramos-Martin J. Multi-scale integrated analysis of societal and ecosystem metabolism ( MuSIASEM ) : Theoretical
concepts and basic rationale. Energy, 2009, 34(3) : 313-322.

[ 7] Georgesgu-Roegen N. The Entropy Law and the Economic Process. Cambridge: Harvard University Press, 1971.

[ 8] Giampietro M. Socioeconomic pressure, demographic pressure, environmental loading and technological changes in agriculture. Agriculture,

http ; //www.ecologica.cn



2194 JAE = 35 %

Ecosystems & Environment, 1997, 65(3) . 201-229.

Pastore G, Giampietro M, Mayumi K. Societal metabolism and multiple-scale integrated assessment: Empirical validation and examples of
application. Population and Environment, 2000, 22(2) : 211-254.

Falconi-Benitez F. Integrated assessment of the recent economic history of Ecuador. Population and Environment, 2001, 22(3) . 257-280.
Gomiero T, Giampietro M. Multiple-scale integrated analysis of farming systems: The Thuong Lo Commune ( Vietnamese uplands) case study.
Population and Environment, 2001, 22(3) . 315-352.

Ramos-Martin J, Cafiellas-Boltat S, Giampietro M, Gamboa G. Catalonia’s energy metabolism: Using the MuSIASEM approach at different scales.
Energy Policy, 2009, 37(11) : 4658-4671.

Sorman A H, Giampietro M. Generating better energy indicators: Addressing the existence of multiple scales and multiple dimensions. Ecological
Modelling, 2011, 223(1) : 41-53.

Torgulescu R I, Polimeni J M. A multi-scale integrated analysis of the energy use in Romania, Bulgaria, Poland and Hungary. Energy, 2009, 34
(3): 341-347.

XME KR, BAEC, AEBEEK, BEUK. BT MSTASM Jr i iy v A ] DCtalph 2o AR . A5 BR824z, 2010, 19(4) : 951-956.

WG, XIGET, siEE, XIME. FET MuSIASEM HIS 1Y KL TFH ORI & X AT 2 R R EMT. N FHAEZS244H, 2010, 21(10) : 2615-2620.
X, K. HeT 2 RELEE ALk n b B AL 2R oA, 223130, 2010, 30(4) : 547-552.

FRE. PESETERGE KRR GRS S 2 RELZEG TG (MSIASM) ” [D]. 22 PEALIIEIA, 2008.

Geng Y, Liu Y, Liu D, Zhao H X, Xue B. Regional societal and ecosystem metabolism analysis in China: a multi-scale integrated analysis of
societal metabolism (MSIASM) approach. Energy, 2011, 36(8) . 4799-4808.

XIRE, BRI, HAHE, , Rk, BEK. 2£T MSIASM J7 ik iPk BRI AR oE . A2 45k, 2010, 29(3) : 256-261.

T ZT MSIASM H@iﬁkfﬁﬂ%é’iﬁﬁmmﬁ [D]. Kif: KEM TR, 2000.

WHA:, E AR, GDP Bl B 7T 35 P lis B s, Bk 2855 BORZFFIF5T, 2008, 25(5) : 155-160.

TEE. _RIFREIRN PURRHE AR U5, _BIERRIRERAE, 2011, 30(1) : 23-27.

JERRIAR , T IEHE. Hh kT T 2 AP IO Bt A SRS T ERBE ST AR S, 2011, 24(1) : 1-4

Liu Z, Liang S, Geng Y, Xue B, Xi F M, Pan Y, Zhang T Z, Fujita T. Features, trajectories and driving forces for energy-related GHG emissions
from Chinese Mega cities: the case of Beijing, Tianjin, Shanghai and Chongging. Energy, 2012, 37(1) ; 245-254.

kA, BRI, Ayaneh. DT RRIR I PO, FREREIEAE, 2009, 22(8) : 984-989.

Giampietro M, Sorman A H, Gamboa G. Using the MuSIASEM approach to study metabolic patterns of modern societies // Energy Options Impact
on Regional Security. Netherlands: Springer, 2010 37-68.

SRR L. SRR R R PR R B AR S SRR, 2007(19) : 160—161.

Ramos-Martin J, Giampietro M, Mayumi K. On China’s exosomatic energy metabolism: An application of multi-scale integrated analysis of societal
metabolism ( MSIASM). Ecological Economics, 2007, 63(1): 174-191.

“

Giampietro M. Studying the “addiction to 0il” of developed societies using the multi-scale integrated analysis of societal metabolism ( MSIASM).

Sustainable Energy Production and Consumption: Benefits, Strategies and Environmental Costing. Netherlands: Springer, 2008 . 87-138.

XIHE, BRI, BATEC. FEF MSIASM J7 ik (1 i 48 AT BUX ARSMRB AR 40T A 38243, 2011, 31(11) ; 3133-3142.

http ; //www.ecologica.cn



