ISSN 1000-0933
CN 11-2031/Q

cta Ecologica Sinic

HEABFHE 2013 FHRESS




AT ER
( SHENGTAI XUEBAO)

PRI AR ¥£33%5 F18H 203F£9AH (#AT)

E R

HELESFFL B FERELETE LHIE

FERIMAERFRBELER oo # [# ¥ , Patrick E.McCullough (5449)
5 ) - 5 %, %  F (5458)
T ERAR (FE AR ) ASBF RRGEE DM o IR, K—%, FE#H (5467)
MM T F 8 T RGBT AETUE G FETHUIE oo O EEHRK (5477)
AN F T FREIER T R IE R oo g\ﬁ,ﬁﬂ%\, @,%’* (5484)
Zok B ROFE X AR A A LI A ELLRBE DT cvvveeernneeennnns FBE B2, H P4 (5493)
TR A B L LA A I PTG B e mmreeeeeeeiinnneeee s W PG E B A% (5500)
A B3 K 3 A S R F)NAR P 8 3 AR ) AR B BB e EF ik, EAK, ZH I (5509)
W SR R Tt AL R AR AE S A EE L e WML AR KHER, % (5516)
RFEAT ARG F R FE LI E T oo BT R, AT, S (5523)
B th A G B A5 I AT A BRI TR e RATF X REE % (5531)
R B E A = RACHR LT 3 I 0 IR B A ZE A AT TR S S AR I A o oo

....................................................................................... BMWE,E F,EEN, % (5538)
EHAAT R AT A B E AR AR F O H oo ORI, B R, TEM,F (5546)
Je G B RNEIE B3t 23K NH, 38 K B RIEH A GG e R4 x| KRB, F (5556)
A B I R AT M iR AT AE B P R oo ve e e INEW B B, F B ,% (5565)
WAL R AR BB TN EEAHIR ceee R, l W, B E, % (5574)
FFFRF A & AR £ RGBTy FLW, RMA, KE R, % (5580)
A T Le Bissonnais 89 % A0 X F A8 38 A RAKAEEMBER oo R, EEH , &AM, (5589)
T FIAEREST & A IR R B TR BT ERR AT e PR3, R AR, AN, E (5599)
HE AR R LR AR AN B FER E Fpeeeeenneeenns i B, a2, % (5608)
F b ok KA R A T IR A TR R oR e B E L ERAL % (5615)
AHLE Z AT AR LI A WA AER LS L3R R B 2P B uf e eeen et

....................................................................................... TR, AT, R, % (5623)
st LB v R 3 B G v et T e, EER,EEE,%F (5631)
AT Rk AR F R AR AR R R B R R A HAM,ERE RER,F (5636)
4 F & KB AREGeE IR A WUE B B89 T AL -eveeeeneenies FHEE,Z2HRK, & F,% (5644)
T R E B RAR G AT R T A e evrrerrrraene e kB, ER,EEE % (5655)
BN I8 Ao R BB B R R R B A S 5 R R B Xz, B FF,FXR,F (5661)
T T R IT A o B A E SRR BN T A e EIHE LR TR % (5668)
B 12 AR T AR 2 A RS R JEPEAL oo ki, THEE, T E (5675)
Wi AR 2E B A K F A AT L6 A AT IR A R R MBSO AP IR R W - R EE BESLET, IR AR, (5686)
B H e 3 i PR b B R AR BRI Ay ees B R, R, B, (5696)

S5 JRBR X Uk 3 3 HF A0 BAL R R B AR 2R AR B RS o eeemeeennneeeenees T E,& . F % (5704)



AT HE>B TR Z ARG BTG AP BRI RL woeeeeeerrnnnnnnnns KT, B, MR, % (5714)

P I B AR AR GRS B B G BE AR A e Bk, EWAE, & E, & (5723)
IR NP - I I X A1E, KEE, LB, % (5731)
V9N &3 T R R SR rE AR R ) AR R E M 5 S LR BN DAL MK Ko

....................................................................................... EXE HFEH,E WK, % (5737)
PR F R TR FUR R R LR AR S FAE N S SRR B E B, HEA, % (5751)
B EBB T EBIA THAMB LI CN P P ZHIE e ZE MR, T Am R R0, % (5760)
FRFE N KA AP BER T B AT A AL e e WA B E FWL,E (5768)
B A Ao b KR o x i H AL B IR e S A e WML F R, AR, ¥ (5777)
VG IRA M AL B AR B S AU ARZE T e Kb I, x| E % (5785)
79 583 % AL BB T RS AR EAF A 6 B I8 I v B B AL, KRB E (5794)
K AR AR IR B 89 22 18] AT A A e veeeeeveereerreiei U kS ELE b % (5802)
AT BA CIS #) EHRIBM AR RE G EAFIT -vvvvvermrrreeeeree THEE, 2 L, ENIR, % (5808)
20 FRALZEAERMEDR AL B LA E G EGE - FEE,H MW, EERK, % (5818)
BRI IR R AR B A A AR AT IREL B F AL veeee i WAW, & EL, AmA, % (5828)
PR AT A E N TR A A e T A, EHE HTR,% (5835)
e B =N ) B S S A R B P TEA T R, HRE (5848)
NI Z -3 23R B AR B E L 3 R A AL s Fa £ OFE 3 (5858)
PR AR BRI B FLITH B TR B HE AR —— AT I A Bl e B H N, EK % (5865)
ATHEF IR BT RS EZT TR e S A, Xk, F R, % (5874)
FF R AR Z e E AR TR AR ovveemmmmmmmmnniinnnnns EE®,E E ,MER,%F (5883)
R RIS ARE NI ERARR A ES B A VAR T A AB] e eveeneeeme et

....................................................................................... oA, B R, % (5893)
PH LI GEFFRIFREEMYA SAHME 2 RN, THEE (5905)
FRI KT BT 0 B ARG HED A E RIATA oo TARE, X &&, FER,F (5917)
F T A S W IR AR L AT T—— AR T B ooeemnneeeens X\ IR, R TR W, (5926)
PRI R B 28 R AT I M A Bkt vl B —— A B AR RURD B R AR KA eeveeeneeeeeeeeinnns

....................................................................................... e KEEXEHFF,% (5935)
AR P ARG EW A RFEIFE R ZEM KEE, T W, EF (5943)
YA T A AR AT B R B R coveneineieii M X A, Hm, % (5952)

HAFIEARSH . CN 11-2031/Q * 1981 * m * 16 * 514 % zh = P = ¥90. 00 # 1510 * 59 % 2013-09

ECEEECEECEECEEECEECEECEEEE

ETEEE: )1 PG ey Ll 9 R AR 75 703 R G 1| PG B e Ll S T b o et YR A sy ol TR Bk e 2 R K
AARZHEIN . NIVl X R LFEIFIR 4000m A2 A7 ARER , LA W 434 0 s LU AR AR, 30 LR MO LAY = A2 Ay 2
FERN O SR I B MO AR BRMAE DL . 7F A S BRI S R ST, e L -0 g L 1 Sl Sy 36 1 o
B IR . AT UETE R, B A A LR 1 - e A R TR R DG, s e RO M T SRR 1Y [ A
7, 3k LAY 3 2 e S AL 3% i B T4k A T s

FEREGRA ., REFHEEE LMol k% E-mail: cites.chenjw@ 163.com



5533 B4 18 W) st = 2 il Vol.33,No.18
2013 49 A ACTA ECOLOGICA SINICA Sep. ,2013

DOI: 10.5846/stxb201305101008

XUFFIR A7 50, WA | D AT , SR IF 3 T 2R 25 000 28 (Rl T A R S M BB EL T 50 < LA T o 91 A 252741 , 2013, 33 (18) :5926-5934.

LiuGY, Yang Z F, Chen B, Xu L Y, Zhang Y.Study of urban metabolic structure based on ecological network: a case study of Dalian.Acta Ecologica
Sinica,2013,33(18) :5926-5934.

T A 75 46 1 48 7 40 18 S A R B
—— DL R # T M 1)

XIBR A T W R K A

(AEROME I E PR e, PRETALIU 575 Y fas il [ X B 5 S 30 %, bt 100875)

FEE LT AR AAPTTFHTT RRGE SR 5 2 52 ST A AR R PR 8 B 45 S R AR AL 5 R SR A DGR B (] 2 —
BTSSP ARSIk AL ORI AR A AR i i B AR TR 1 AUSHR B S AU B AR MR, e A B R
B2 1 IR R SR SEAE FRai | LA 4103 18] BV FH IR AR R I 28 A5 S80F AR I TP AR 7055 20 Al B0 LU AL, 0 1 30T
TR R G L AR 7 30 SEADIREL , I 87 A G S5k R 2 2 i AR 550 R SRR RIE R BT — N R S
PEAGHERI I A A T EL R A QB 3, S QS 28 48 b 25 20 20 6] (9 A I A B O 20 AQI B A e 8 S R AN T v
PRI R Ay BRCSR i 5  f  A AE BRA F) 85 S f S A 0 A 2 AR A A2 K R T A P A AR i S 4
Bkt RGU A S U RS (8 BRI T O R A i

SRR I 5 A AR 2% T ARl s 2544 5 8O o A

Study of urban metabolic structure based on ecological network: a case study

of Dalian
LIU Gengyuan, YANG Zhifeng® , CHEN Bin, XU Linyu, ZHANG Yan

State Key Joint Laboratory of Environmental Simulation and Pollution Control, School of Environment, Betjing Normal University, Beijing 100875, China

Abstract; Research on urban metabolism is a complex decision-making process having a direct impact on human health and
the environment both locally and globally. The paradigm of urban metabolism has been formulated in an attempt to focus
thinking towards a balanced co-evolution of the economic, physical and social environments while living within the carrying
limits of the supporting ecosystems. Analyzing the structure and functioning of the urban metabolic system revealed ways to
optimize its structure by adjusting the relationships among compartments, thereby demonstrating how ecological network
analysis can be used in urban system research. A fresh perspective focuses on the traditional exergy-based accounting linking
the analysis of exergy utilization in the sector of urban socio-economic system. Exergy provides a unified measure of various
forms of materials and energy carriers, and thus qualified as a basic medium used in the bookkeeping to qualify ecological
networks of exchange. The application of Extended Exergy Accounting ( EEA) determines cumulative exergy consumption
associated with not only raw material inputs but also labor and capital inputs and non-energetic externalities. Money can also
provide a common currency by using economic valuation methods to capture the contribution of ecosystems. The proposed
thermodynamic approach is not meant to replace, but to complement an economic approach.

Our objectives in this study were threefold. First, based upon the division of urban society sectors and accounting of
EEA flux, we wanted to construct an urban metabolism network models without regard to the bank system and government.

This model is divided into seven sub-systems, including: (1) Extraction ( Ex), including mining and quarrying, oil

E€WA  HRAHL I H (2012BACO5B02) 5 [ 5 Ik 4 Z B UF 58 B AR 22 56 4 (51121003 ) 5 EI R A AR %I & FFER =R 40 H
(41101564 ) ; 55 2E B 2Rk s TR 4 (20110003120031) 5 [ i+ G RA R4 0 1 98B0 H (20110490014) 5 o e m S A FHIR L,
SR LTIR 4

%S H #7:2013-05-10; 1817 H#1:2013-07- 10

# WIRMEH Corresponding author. E-mail ; zfyang@ bnu.edu.cn

http ://www.ecologica.cn



18 4 XUBFIR 25 BT AR A5 R 25 X T A QS A RRAUATE 5 < LU T Ay 1) 5927

refining and processing, and the inflow of energy carriers from the external environment; (2) Conversion (Co) , comprising
heat and power plants; (3) Agriculture (Ag), including harvest, forestry, fishery, and food processing; (4) Industry
(In), manufacturing industry except food industry and oil refineries; (5) Transportation services (Tr); (6) Tertiary
sector (Te) , including construction and other services; (7) Domestic sector (Do), households. The domestic sector has
changed from a final consumption to an important labor exergy inflow transferring to other sectors. Second, use of EEA data
of original works listed in the references enables to finish an urban ecosystem network analysis in the case study of Dalian.
Finally, the assessment results of Dalian in order to gain insights into the economic processes oriented to sustainable urban
development. It may present an initial diagnosis of resource utilization efficiency, input/output structure and environmental
impact on urban scale and priority on funding of the whole sectors.

The results show that the indicates that Dalian, as a city with a “large and complete” structure, depends on the larger
external systems surrounding the city which can supply resources and services that are lacking within the city. The
thermodynamic efficiencies of individual sector in Dalian performed in a good level. The social system in Dalian was a highly
competitive network, and there were eight competitive relations and only two mutualistic ones. The Do- and Ag-sector were
the major contr olling factors of the system. Do- and In-sector have the larger environmental burden. Such a knowledge is a
necessary prerequisite to perform a reliable cost-benefit evaluation of urban sustainability strategies. It will be necessary to
strengthen the urban metabolic functions described in our model in such a way that the impact on the environment can be

significantly reduced, thereafter providing more specific guidance on how to develop ecologically sustainable cities.

Key Words: dalian; ecological network; urban metabolism; sturcture; utility analysis
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Fig.1 Systems diagram for urban metabolism network model
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Fig.2 Figure of Dalian’s metabolic structure based on extended exergy accounting
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Table 2 Flux and efficiency analysis properties of seven sectors
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