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Abstract; Based on network flow analysis, Ulanowicz treated the average mutual information as a cardinal attribute of a
developing network and developed the ascendency formula, offering a comprehensive way to quantitatively analyze the
relationship between growth and development in an eco-economic system. A basic result is that C, “the development
capacity” , serves as an upper bound on ascendency, where C = T x H, H is system diversity and T is the total system
throughput. To investigate the development status of Chongqing city, we use Input-Output data from 1990 to 2006 to quantify
the eco-economic system performance according to Ulanowicz’s ascendency formula. At the same time we use the extension
of the I-O model to account for the discharged volume of industrial waste and the resulting situation of environmental quality
based on the discharged volume of industrial waste. The change of environmental quality attributable to the structural effects
and technological effects and the effect of scale on total system throughput. The results show that the system ascendency in
1999 was four times that of 1990, but the average mutual information decreased from 0. 447 bits in 1990 to 0. 342 bits in
1999, the discharged volume of exhaust gases increase by 1.1% and waste water increased 3.2% on average. The results
show that Chongqing’s eco-economic system was on an unsustainable path from 1990 t01999. The system ascendency also
increased by two times from 1999 to 2006. The corresponding material representation of the total system throughput was still

rising from 1999 to 2006, but the yearly rate of increase dropped from7.40% during period of 1990 —1999 t03.91% . On

ESWA MK ARPAHEE W B0 H (70873121, 70573106) 5 {5 973 ¥ By H (2005CB724206) ; H {2 e MR A1 % TR ¥ B3 H
(KZCX2-YW-324, KZCX2-YW-422)

7% H #7:2008-12-30; f&1T H #1:2009-03-18

s« JIAMEH Comresponding author. E-mail ; weninsect123 @ yahoo. com. cn

http ://www. ecologica. cn



5 Hig 4T EFHEENER E R A SET REBAT B 1149

the other hand, during the 1999 —2006 period, the system ascendency gradually increases, rising from 0. 342 bits in 1999
to 0.478 bits in 2006, with the volume of discharged exhaust gas reduced by 2.5% and waste water reduced by 3.7% on
average. The results suggest that Chongqing’s eco-economy moved in the direction of sustainability during the period of 1999
2006. Taking into account the actual situation of Chongqing city, the most sustainable approach is to increase efficiency in
resource utilization, strengthen the utilization of recycled resources, enhance communication and information sharing among
industries in an impartial manner. Such measures can increase average mutual information, and can improve Chongqing's

development capacity.

Key Words: ascendancy theory; input-output analysis; eco-economic system; development capacity
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FHMEEER2) R,
I(A;B) = ka;ijlog(f;j/Qi) (2)

K, fi= T/ T, Fm il ZRA i ENESHAN EREMNBRHE; Q= T/T, R AAN] Ei
HER S REBFEHERBE;Q, =T /T, #RFERA i BHEERESEHEHHHS .

EFHHEFRISH Shannon FEORFA M EE R B LE S bria I H 6252 18 HoAth IR R %t & iy g, IR
I, 38 %4 Shannon FEECRISF AP H(A) =1(A;B) +H(AIB) ™ o I(A;B) R PiA—3 A5 H4E
HAFE,H(AIB) MR FE TR EELA TR L .

H = I(A;B) +H(A| B) =- ZQilong (3)
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A =TxI(A;B) = TZfiijlog(fg/Qi) (4)
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2.2 BERWASKFREHTE I

BAFHERRE LG =R BB R (Wassily W Leontief) F 1936 4 F K2 Hh H)—Fh 25 SR T 7
5, BT AMECA AR SRR AR, 3 3 4 P R BOE R R 0] 6 R AR 2R, DA P 3R A 77 X S
ST ARG LA TEEA S HHERTRR A TREXIRE T &L MEH S R+ A
P B FRIE B U T A 3R] Z R MO S AR A E AN A BRI T s T R o AR SCR F SR B 5
BAT= AR R 2GR ) —FRAE M, IR R = LR 7
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Table 1 Model of environmental-economical system base on Input-output analysis

il AT i R LIRS psYughis
Intermediate use Final product and industrial waste Gross output

hEBA 1 Xy Xppee Xy, Y X,
Intermediate invests

n Xy Xooos X Y, X,
WIEFEA Initial invests ViVyer V,
B Total invests
PR S 1 Ey Eyp By, R, 0
Industry waste .

m Bt By By R, 0,

KA, X050 o BRI MR T5 AR 0 T A= RCR, E, D36 J 30T AR P R A B = AR 926§ Rl IS el
MBCR, Yo% @ BRI TRA AR, X NS SRR AR, ROV IRA TSRO A H5 § RT3 %L
B, QN i TSR ER VIO TR B AR

FIERBEA = th R A A B0 1= A = P R

ixiﬁyi =Xi=>iaijxj+yi =Xi i=1.2,n (7)
HI PR =t R A B M B 7= A ) P AR
zn:Xg+Ri =Qi=>ieinj+Ri = Q, i=1,2,-,n (8)

A, a; =X/ XRAEFTITEEIBF R ¢, =E,/E; RIEMMER T ERE, BERRE j EHITHAL
PHERTAE RS | MR RCE . IR A R EREERBUEM  E R BT E R RO, Y X
FNBLT Gk BB P B R Q R B4 SRS Y My HE R 1k B RS e S HE R (51 1
W AT A AR T AP R R K

AX +Y=X=X=(I-4A)""Y (9)
EX+R=Q0=Q=E(I-A) 'Y+R (10)

(10) SRR B HT5 JeHERUR B 75 Je e R 47 fh B IS el 2 i, xR gt .
VQ=VE-X+E- VX+VR (11)

(11) REX AT PAFRIAR T RG0S 8 X IR 5% o2 52 W B £ AR RO, IR RN, TS 380 o 2 AR BK
I R P 22 B T B P B R BB X IR R B R . RSN B R AT R A A B IR E N
B, BRI, 15 A B, BSR4 A ] 7= b S A 8 1 AR AL BR 3 i 2 AR A Y
st
2.3 BERHAEBZTRG 1990—2006 4F I KA HEHE
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PR REIER R (R L) , SR ER AR F BB ARE k. BR2IFET = 37, = X7, 7
SRABERT 1999 ER G MR Ty 1840. 5 (27T ¥ = T,/ T,

F2 EKT 1999 £ 6 MINHRAFTHRRERE
Table 2 The I-O and extension I-O table of 6 sectors of Chongging City in 1999/10% yuan

BA Inpu, 7= H Output;
3 17 Import 4l Agriculture Tk Industry @k Construction Tk Commercial
3k T Import 0.00 10.1 88. 64 4.30 12.17
£l Agriculture 0.00 143.06 25.03 24.26 14.26
Tl Industry 0.00 39.33 159.68 30.44 46.68
250\l Construction 0.00 48.94 77.92 7.06 41.98
Rk Commercial 0.00 12.19 24.42 7.52 23.73
R 55l Services 0.00 20.98 20.76 15.23 33.29
WM& Value added 0.00 9.68 82.93 21.49 65.19
i i Final demand 0.00 0.00 0.00 0.00 0.00
T; 0.00 284.28 479.38 110.30 237.3
7V R FY) Industry waste 0.00 1.97 13.02 2.70 5.70
7= Output;
A Input; -8 PR3 HmE A T
Services Industry waste Value added Final demand J
2 1 Import 20.26 0.00 0.00 0.00 135.47
4l Agriculture 23.67 0.00 0.00 87.51 317.79
Tk Industry 77.53 0.00 0.00 110.87 464.53
47l Construction 20.12 0.00 0.00 57.37 253.39
Rk Commercial 60.72 0.00 0.00 41.43 170.01
AR %5l Services 53.13 0.00 0.00 60.09 203.48
WM& Value added 91.41 0.00 0.00 0.00 270.70
i i Final demand 0.00 0.00 0.00 0.00 0.00
T; 346.84 0.00 0.00 357.27 1815.91
PR FEY) Industry waste 1.20 0.00 0.00 0.00 24.59

K j A WBUMER R 0,1,2, -8 3,0 REHE DT, 1—6 KR PIBUFRFAAFTI, T RERINE, 8 FFRBLAMEFE

ARG £,(F3) 338 0, = T/ TR Q38 @', =T /T R4S Q'.(£4) .

%3 HORAT AT B WA i AR o A N S0 R RO OV, BRI R G At B
O FEE L . AT R, R BERT H 0. 334 FITF%F B4R A, 0.079 FIF4lL, 0.305 AT, 0.139
FATFRIE, 0.101 FAFHAMRZ 0. 306 F T4 2 , 7T L, Toll A LR — 3040 F T 1 2%

Fad, QFRWT I EWHHRTERGMFILR I &G, 0, RETHA | BEAERLEFL
BT B, AT kB, T I Tl 6T B o R B TR R 19 0. 265 , BT WA T3 11 64
i RGeMAEER 0. 265,

75 SCHFE 7l 200 0 R 3 TR IR BOR L BOR 75 51 SR A0 1 7 Ml B 3 B, B Rk 2
FELEA (10) A1) FUAT DUt 72 ) B 240 R, 7= M B 3 R HE R L A 1 s

BHERI—F 4R 2) RARETFHMEIEE N 0. 447 HAS $E( 3 ) R ATRE EFHEA 5 3416.92 x
1078/ ( a- H%) A4 (5) RATRABRBRES C H4166.98 x10°T5/ ( a- o) 434 (6) AT RIBLHEME H
J2.242 WA, R, TSRS AT PRTIT A A 4 0F R 4k 1990,1997,1999,2002 K 2006 4F 6 #5114 WBFIE RS
AL b FHEE AR SE 0 (K 6)

3 BEREHH
3.1 ERTIESZFRS 1990—1999 4F AL A AT AT RS0 R RIS
KBELS REP LT HERMRE I E X AT AFEREF Y ETHE A (IR H RERFLR T
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A3 I e 5 ZARPERER TR AR R 1 IREIRAT S R 89, Ui R G T A AR R RRZS . T 24 BT A
HsE R R SR T RFMEREE TR RSHER, MA@l T K3k LR E R K A E

*3 EKXW 1999 £7 I fHE
Table 3 The value of f; of 6sectors of Chongging City in 1999
#A Input; 7 Ouput
£ 17 Import 4\l Agriculture Tl Industry #40l. Construction ik Commercial
2 1 Import 0. 000 0.075 0.654 0.032 0.090
4l Agriculture 0. 000 0.450 0.079 0.076 0.040
Tk Industry 0. 000 0.082 0.334 0. 064 0.098
47l Construction 0. 000 0.192 0.305 0.028 0.165
7l Commercial 0. 000 0.069 0.139 0.043 0.135
AR %5l Services 0. 000 0.103 0.101 0.074 0.163
PR FEY) Industry waste 0. 000 0.106 0.202 0.079 0.264
BEh{E Value added 0. 000 0.036 0.306 0.079 0.241
Fc i i Final demand 0. 000 0.000 0.000 0.000 0.000
BA Inpu, 7= Ouput;
k4% Services PR FEY) Industry waste  H4HII{E Value added ¥ ] Final demand
3k T Import 0.150 0.000 0.000 0.000
£l Agriculture 0.075 0.000 0.000 0.275
Tl Industry 0.162 0.027 0.000 0.232
250\l Construction 0.079 0.007 0.000 0.232
7l Commercial 0.346 0.032 0.000 0.236
AR %5l Services 0.260 0.005 0.000 0.294
PV R FEY) Industry waste 0.056 0.293 0.000 0.000
WaHN{E Value added 0.338 0.000 0.000 0.000
i i Final demand 0.000 0.000 0.000 0.000
x4 BRI FETHIIOR Q' E
Table 4 The value of Q; and Q’; of 6 sectors of Chongging City in 1999
i Kl e omme ok R g e
Import Agriculture Industry Construction ~ Commercial Services waste Value added  Final demand
Q; 0.073 0.153 0.265 0.060 0.131 0.187 0.012 0.119 0.000
Q'; 0.000 0.153 0.265 0.060 0.131 0.187 0.012 0.000 0.192
%5 HKH 1990 —2006 &7 HI 10 LA MR AR IR
Table 5 the ascendancy and relative data of 6 sectors of Chongging City in 1990 — 2006
Ui H Item 1990 1997 1999 2002 2006
T/(10% j5/a) 373.49 1694. 45 1840.5 2478.96 4349.45
I/ e 0.447 0.413 0.342 0.395 0.478
A/(10% 55/ (a HHE)) 654.95 3062. 06 3416.92 4664.43 8556. 58
C/(10% 55/ (a HbiE)) 818.69 3780.32 4166.98 5619. 80 10186. 41
H/ W 2.192 2.231 2.242 2.267 2.342

AR AT R A TRV ER s S PSR e A BRI 2, P AT B 1 3% R T = Y £, 0)lo8(f3/ Q)

Y HAELEENESET RAENBITIE IR T B Y5 s ORI AE N, NI R E2R M E
ARG EELBET LY ARG LR, XA LLEDKBNER RS B A B R LIZ4EH AL GDP fE4E
B ERE 6, HFE6 L, 7E 1990—1999 4 10a [B] RG LWL S At N 1516.59 T7 t A/ 4538 hin ]
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2278.42 J7 tARMEMY/ as 3R S RGE LT A AN Tk 4 1%, RGO FRIAHEEE T 1990 4£#7 0. 447
FRFEE] T 1999 4F1( 0.342 te4E. f_BIRATIL, 78 1990—1999 4F 10a 8] R GE LI+ A3 A2 i RGeS B
kBRI Z AR R A B B R SIE. Fit, REL T M AT RN ERRE.
1990—1999 4 10a [A]AE 2T R G SIS AR P REE THIMBA  BMUE RS ™4 T B 5K, M BA
AGHLG BN CE B A R G A R AL SFE I I AR = ETHAERA G BN, —A TSR o

R6 REDFHEBMMERITWENEL

Table 6 The conversion of system though put from value representation to material representation

T B Ttem 1990 1997 1999 2002 2006
BEVENY 28 M (7 thRUERE) 1516.59 2013.13 2278.42 2563. 05 3881.52
GDP 299. 82 1360.24 1491.99 1990. 01 3491.57
T 507.30 1551.73 2219.57 2985 5974.9
AEYEIS 2 i/ GDP( 7 t bRMErE/4278) 5.058 1.75 1.527 1.287 1.112
T BTG 3 it/ GDP(JF t hRvfidi/a ) 2565.92 2715.53 3389.28 3844.38 6644. 09

FH RETRIE 2 SR GDP Bk B EIRGETHE %

—— JokHbgE —h— EEH R
—— RRHR - REAELR

e N e

12000
10800
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7200
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1200

ARG SR
FEALRFE it

1 1 1 1 1 1 1 1
1990 1992 1994 1996 1998 2000 2002 2004 2006
A4y Year

1 EXTASEFREPIWBEEEHENMRESRKFEEUES

Fig.1 Trend of material though put and environmental pollution in Chonggqing ecological-economics System

E 1999—2006 4F 7a [6], RG LY R BT LR T3 AWiE hn, M 2278. 42 J7 t FRuEs/ 4R 3 in %l 3881. 52
T7 t A ERE o (ERIE AN AN 1990—1999 4F[H] 944 7. 40% [# 2] T 1999—2006 4 (8] 4F3 3. 91% , REGEH)
P EAR BAEX Ta (A ] 0. 342 LLAREME] T 0.478 Hoke, EFHEA 7EIX 7a [A] ] 3416.92 {270/ (a- HukF)
B 8556.58 420/ (a- Heht) o FERGEEYELEA LB M HAHEE RN HEL T, B TS A 5 W
ZRGRGLETAAFEERE AT LS E KR RS LB S At BN R AR & RGP E (S B
IR RGEHE AR 7
3.2 ERWHEBZTTRL 1999—2006 4 Frib st

Ulanowicz ¥ R HEAL BB 7009 4 B BL: 55 1 BrBOWS RO B, i FERX O BER M BT IRAE W F
B, B RERI N UR RO EE RS RELTR . 52 BrBOh & RE B, 7EIZ B Bl T A% Al SRAF B IR
MRS, RSB BITIA TR, RN RAARY Bk R BE 1 A E TR AR & , (b TR B3 8 i & Jé
BETIR . 56 3 HrBO A BL, TE Ll B A JR RE T 3k B B R MBS T 4R T B, 0 _E T4t AR 24 0 32 A
218 BTt 55 4 YBONEERBBL, RRAE SR BT

E 1999—2006 4E i), HIRTTAESETTRGAIERS C M ETHE A —EH I, B R R B inER T
EFHERSEAME, I B3R S AT, 5X 7a ME KT RGEELY B S AR —E AR, Hik, iRYE Ulanowicz
Xt R GBI G B BER 43, AT RO KT AE 1999—2006 4 6] 1B 40 F % R B BE, R G0 B A7 B B A2 R # Sk 78 25
%o WL, TURFHAESET RN FHIMHEER KL EREIAT, SR Z FIBTRAE . ESEH
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RGRERESIHRE , B C =T x H A7, FERIRZ RHE LT 2R AT EH REN KRR LR RS
I ZREHE
3.3 ERWASZTRGH YR ARG SAE MRS R E R EE S

HRWATT RGBS B RGIRENE K, HAJR 2| 2 57 R 408 A ik B B KA R I, 3R 85 BRR OL
WAEARRL AL , X B BUR K RSB HE R SR S A SRS R A 00 , BRI R (R B, X BAFIHE
B (11) AT F K HER B, B SE B B B B Y K, SRR B AU LR 3, e 2 Bl K
HBEE L ZE A BT AL BOR BE 27K (4R 2 BRIl D S L By ik B SRS PR B G T RN o AR HERCR
AT AR 23 AP BE, 55— B BE g 1990—1999 4R, iX — [y BeR S i B AR (LB iVl , R SHE R 2 BT S,
PR A Bt BT s BOK AR R KR 3. 2% R HFCEAFHBIE K 1. 1% o 25 — [ Bty 1999—2006
X — B BRI RBA P R SHER B TR, TREEE N 2. 5% , BOK AR AR 2 TR % 4F
Y¥ITFRE3.7%
4 it545iE

EFHEEER M TR BT R RER B A ST RE R RN R Z M ERRX R, LA R
AR T i B TR [, A R TR R AT 4 R ER PR S T Stk . P B R ETHE R BRE N AT R
RIS AT R R 0 2 (B AR ELAE 26 R B R4 , X AP A 7 U B TIRBIAE S &5 RE M H L & RR
OL, RV AR BT HoAd 3 PR O s, BT HAEES S T AR 25 Rl 07 ¥ 5 2 B R N SR JR XS B8 R Wi 10 Bk
[Fl - tho i 5 T BB 77 vk O BEAEL PR B R A 8 TR, AN B 5 IR BASR SEB m  R o (H ETHAEEIE K1,
MR Z I E R RS, IATERSHEHSRRERE T A LEH, MELHAESRGERZ R MLLE,
BRI SR B (B8 FT ARG A R0 I 45 2 11 B 2 SO RAE , (ELAR MR B I 4 R G P R S5 M A, TRt , A
SCERKBEBN T Bk T I ETHEBSREAT E B ETT RGN TG 74T o

AN T EFHERIE RIS TE A B AT RS M — &R, A EFHEEIE TR T ERWAS L
BrARGEAE 1990—2006 4[] {3 K 5 % B MM FRE B 00, Fl A R B IE R FR TR 7L R 37 W 19
TR A AL R ST B R R RIS R ECIR DL Rl 7= AR AU T 1R AS 70k B9 75 B
LA, B b il BN S R TR IR B HoAh A 7k 97 515 R HE i 2e AL, BT RGeS B
SRR Z R R, AP B AR IR R T 32 R G0 A ik B A RSSO, , 52 AR S5O 45 44 550 By 3
IR . 7EX 3 RN IERFERT , PRSI R i B R A R RHIE . ZEE R AES LT R L
KRR, T B R ALY B BRI SR B 0L T M A S LT RS ETHE, X T LGE
1o B s BEUR A A PSR SE BB IR BB SR 3R R SRR TE AR A5 AR T A5 R 1) 22 M B4 0 P B A A R BT
Z B 73 B A AR S o
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