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System Simulation Study on Shanghai’s Low-carbon Industrial
Structure Adjustment Based on the Lotka-Volterra Model

GAO Guang-kuo, SUN Yi-ming
(Business School , University of Shanghai for Science and Technology . Shanghai 200093 , China)

Abstract: Simulation analysis on the adjustment of secondary and tertiary industries in Shanghai
was carried out based on Lotka-Volterra model, according to the output values and carbon emissions
of the three sequencies of industries. Industrial low-carbonization and the inherent dynamic
mechanism of its development were studied with the help of theories and methods of system
dynamics. The forecast and outlook of the low-carbon development path were discussed and policy
proposals were presented. The results show that the alternation of high-carbon industry is the
inevitable trend of economic development, amd the harmonious and low-carbon development of
industry should be promoted.
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Fig.1 Output value and proportion of the three industries
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Tab.1 Parameters of Lotka-Volterrra model of the secondary and tertiary industries in Shanghai

ARy (1 @z b2 @n ¢
1979~1989 0.374 961 0.721 547 —=0.001 427 0.003 615 0.002 554 —=0.002 290
1990~2000 0.358 477 0.412 818 —=0.000 099 —=0.000 003 0.000 028 —=0.000 062
2001~2011 0.158 626 0.547 306 —=0.000 003 —=0.000 030 —=0.000 001 0.000 046
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Fig.2 System dynamics model of low-carbon economy
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Fig.3 Carbon emissions of the secondary and

tertiary industries
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Tab.2 Carbon emissions of the three industries and living in Shanghai Tt
E=0) T HE T el ol FE=r AL TETH B
2002 15 558. 87 287.86 10 029.01 3 978.93 1 263.08
2003 16 867.00 294.98 10 719.14 4 459.10 1393.78
2004 18 609. 47 285.80 11 445.87 5 318.95 1 558.85
2005 20 825.41 162.06 13 031.07 5932.59 1 699.68
2006 22 458.78 156.05 13 672.17 6 739.64 1 890.92
2007 24 569.94 160.11 14 632.50 7 656.41 2 120.93
2008 25 1719.21 165. 68 14 866. 38 8 318.88 2 368.30
2009 26 250. 29 165.41 14 739.30 8 840.76 2 504.80
2010 28 599. 25 167.44 15 722.83 9 476.79 2 656. 26
2011 28 866.01 171.88 16 409. 80 9 481.28 2 803.05
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Tab.3 Carbon emissions intensity of Shanghai

t/JI 70
GRO {75337/ 958 SR el 2 H=rmlk
2002 2.71 3.82 1.31
2003 2.52 3.34 1.31
2004 2.31 2.94 1.30
2005 2.25 2.97 1.24
2006 2.12 2.75 1.22
2007 1.97 2.63 1.12
2008 1.83 2.44 1.06
2009 1.74 2.46 0.99
2010 1.67 2.18 0.96
2011 1.50 2.07 0.85
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Tab.4 Results of simulation in 2020

S8 C M Cr
1 0.000 001  —0.000 001 0.000 001
c2 0.000 001 —0.000 001 —0.000 001
B E/ e 14 026.4 19 038.9 13 852.4
S=plkeE/ ot 31083.7 36 739.3 36 332.1
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Fig.4 Results of simulation

T R B BRSSO HEESS =

b e J X A AR HIE I 5 J3E A A 2880 AHLid (i FE 1
S =X R B AR R AT — 5 AN AR
7l R R ] o A I T TR 5 M 8 A
RS 7 . E A REAT R AR HE R 3 2 LU

PE—E 2T R AU

TEARSRAN 2 A I 1] P ] A B JRAR M R A
FEGERETR » DA IG5 i RE DA 83 S BUR A AL
SERA R SRR BR 2 5 T R K R I ST B
BURFAEAEBI 7 Ml 45 74 8 R ARl A 10y o A o B 3 T
a. LT BB S TR I Al S R
(1) GDP 7K - BB A= 7™ 3R 90 A 22 55 38 K 9
PR b. REIRACR AP = 5 L A AR AR R E, 5
IREZAN L . EHER THRE IR 5 7 I 45 14 R B 114
ZEARARK s . il EE QBT -5 BOR BB 2 il B AT
AR BT AR JZ 1 PR UE_E I 2857 IRk A A .

BT RGN 1720 L IARER AL b 2 H 1
W RAEZSHRL RS RGE R Z LR,
H1 TSR B BIR ) LA B R SR i) ANHf 2 1 AT i
ARt — 58,

S 3k

[ 1] IPCC. Climate change 2007: synthesis report [ M].
Cambridge : Cambridge University Press, 2007.

[ 2] UK Department of Trade and Mdustry. Our energy
future: creating a low combon economy[ R]. London:
The Stationary Office,2003.

(3] JEFH.Ri& s Sitt A&tk gy m L. 5
1%5,2008,2(2) ;34 — 36.

[4] KRB K. BBk Z 55 B i i 7 LML
g RO R L 2010.

(5] MRHEA AR b vl 7 M 45 4 722 A X B e B 11
LY ] REMRIFTE 565 R .2006.22(1) : 30 - 35.

[ 6] MHIZ3C. REIRTH A REIRG S R e R R (T ].
FiETEE.2012(8):1 -5,

(7] Zo.EmA. =07 RO B3 7 [T . & 3
Fl2#,2005,18(6) .82 — 87,

[ 81 JuJFs. L& U RIS IM]. Jba . 4R 2% S0k
H AR, 2012,

L9 BRIBR. 25508 . X1, 4. Lotka-Volterra #2524 11
IR AL B IR LT B ny S Bk 50, 2011,
41(23):108 - 113,

[10]  HEAR B LG Ese R R [T]. Lot
5%,1995(11) .40 — 41,

(11] 23, B b 250 A Y RHAE SO H o i —— 5
FIACR S W & A LT]. A 7= 5%, 2012(2)
177-179,

(12] ZE00. #E4 RGeah 072  BORBFIE R IR B Jr vk FnE A
[M]. b 5 B R i ik . 2009.

(G4 WD



