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The ascendency formula and its application in economic systems take Gansu

Province as a case study
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Abstract The relationship between growth and development has been a hot topic in ecology economics and some relative
disciplines for nearly a century and an half. Flow networks are convenient representation of complex material and
information transactions. Based on flow network analysis Ulanowicz treated the average mutual information as a cardinal
attribute of a developing network and developed the ascendency formula which offers a comprehensive way of quantitatively
analyzing the relationship between growth and development. A basic result is that C  “ the development capacity” serves as
an upper bound on ascendency where C = E x H H is system diversity and E is total system throughput. We introduce the
concept here and outline the cash flows among six fundamental sector of the Gansu province economy 1 agriculture 2

industry 3 construction 4 transportation post and telecommunication 5 commerce and catering trade 6  other
services. To investigate the development status of Gansu province we use time-series data from 1987 to 2002 to quantify

economic system’ s performance according to Ulanowicz’ s ascendency formula. The results show that the annual total system
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throughput material representation rises from 8510.06 x 10" tons of SCE in 1987 to 12800. 86 10" tons of SCE in 1995.
The system ascendency in 1995 is thrice that of 1987 but the average mutual information decreases from 0. 460 bits in 1987
to 0. 336 bits in 1995. The increase of system ascendency may be attributed to two factors the increase of system
throughput material representation and the decrease of average mutual information. The results show that Gansu's
economic system is on an unsustainable road during 1987 — 1995. The system ascendency also increases twice times from
1995 to 2002. The corresponding total system throughput material representation 1is still arising from 1995 to 2002  but
the year increasing rate dropped from 6.30% during 1987 — 1995 to 2. 13% during 1995 —2002 but that the system
ascendency gradually increases during this period it rises from 0. 336 bits in 1995 to 0. 449 bits in 2002. The results
suggest that Gansu’s economy is moving toward the sustainable road during 1995 —2002. These analysis results can be
taken as evidence to classify the system evolutionary stage. According to Ulanowicz’s evolutionary mode Gansu’s economy
is still in the first stage that is growth stage. And the increase of ascendency from 1995 to 2002 demonstrates that Gansu’
s economy have begun its transition from the young growth economy to the mature growth economy that is to say

approximate to development stage. A sustainable development stage relies on increasing development capacity or average
mutual information with decreasing or stable throughput material representation . Development capacity and diversity
provide guides to determine whether a country or district’s development is sustainable. According to our analysis of Gansu
over period of 1987 —2002 Gansu’s economy is not sustainable as evidenced by increasing system throughput during 1987
— 1995 but there have evidences show that it is moving toward sustainable road as evidenced by improvement of average
mutual information from 1995 to 2002. Considering the actual situation of Gansu Province the more sustainable approach is
to increase our own resources utilization efficiency enhance information communication among industries. Such

countermeasures can increase average mutual information and can improve Gansu's development capacity.

Key Words ascendency flow networks growth development development capacity

Ulanowicz
1
1987 ~2002 15a
15a
1
1.1
! n T
T 1

1 1

b, a; b, b a
A 1

http //www. ecologica. cn



11

4787

Aba :KZ Zp a; b, log p b/a; /p b,
i J

t J
t+6 P q t J
Z T T, J l p b t+6
r/T o= YT, T=3T=3T, t+0
j j i
t Klog p b,/a; /p b, Klog T, T/TT',
p a; b, r,/T 1
2 1
n+2 n+2
A= KZ Z-f}inlog Ji/ Q'
=0 ;=0
A B j 0 =1/T
Q,=T1T./T i
K
T K 3
n+2 n+2
A = TZ Zf,-z-leOg ]:'i/Q,i
0 j=0
3 A Ulanowicz ! 3
n+2 n+2
T z ijinlOg fﬁ/Q/i,
=0 j=0
A Odum 24 2
3 4
n n+2 n+2
A =- Tz leOng - = Tz ZfﬁleOg f,‘in/Q,i
i=0 =0 j=0
Ulanowicz 4 C 5
T H H 6
C =- Tz leong
=0
H =- z leong
i=0
T H A CA
C=A=0 C A
C
Ulanowic
1.2
: Baird  Ulanowicz 1989 36 Chesapeake

i
n

Ulanowicz
c



27

10136400 mg C/ m™ a

4788
8593800 mg C/ m™ a
T
J. Patricio Mondego
4
1 2
3 5 6
1987 ~2002 15a 15a
2
37 Ulanowicz
' Templet
7
2.1 1987 ~2002
n 4 ®i
T, @ J i Tji @i T,... @i
Ti n+2
T, + Tji +T,=T ,.,+ Tij
1992 6 1992 6
1
126.8 2182 174.7 ,1/137
N\
Tl
737 Industry
109 73 ol 16.9
: 222 11.6 \ 0
P18 211 29.4 ] /
v 0.0 285 X
246 | Aol 3N 16
Agriculture : Construction
— 1.6 . ~
84.1 \ 53.0
64,4\ : : 13.8
7.9 ot e 551k 22 : 32 i IS HL
< Other services TPT > 03
K 1.7 A
. x 19.6 2,?/ 30 ! \
\ 1.4 / 6.2
24 ALK e 156
CCT
/'lﬂ \/ l
392 78 488 3,

1 1992 6
The currency network of 6 sectors economical systems of Gansu in 1992 103 yuan/a
CCT represents commercial and catering trade

Fig. |

TPT represents transportation post and telecommunications CCT

TPT

http //www. ecologica. cn



11 4789

1 1 1 1
L T=2T=2T 1992 T 1428.0 fi=TJT
fi 2 Q, =T/T Q. Q,=T/T Q, 3
2 J L J
0.184 0. 166 0.001 0.016
0.003 0.629
3 Q; J Q' L
0. 349
0. 349
1~3 2 0. 408 3 A 582.6 x
10%yuan/ a 5 C 3238.4 x10%yuan/ a 6
H 2.268 H
1987 1995 1997 2002 6
4
2.2
2.2.1 1987 ~2002
A T
I
A T I
T
GDP 7 5
5 1987 ~1995  8a 8510.06 / 12800. 86
t /a 4 A 2 322.5 x 10%yuan/ a 921.2 x 10%yuan/ a
I 1987 0. 460 1995 0.336 1987
~1995  8a
1987 ~1995  8a
1995 ~2002  7a T 12800. 86  t /
14707.92  t / 1987 ~ 1995 6.30% 1995 ~ 2002
2.13% Ta 0.336 0.499 A 7a 921.1
/ a 2826.6 / a
2.2.2 1987 ~2002
Ulanowicz 4 1



4790

27

http //www. ecologica. cn



11 —_—

4791

3 1992 6 0 0
Table 3 The value of Q; and Q'; of 6 sectors of Gansu Province in 1992

Transportation Commercial
Import Agriculture Industry Construction post and and catering Other services Value added Final demand
telecommunications trade
Q; 0.108 0.094 0.349 0.041 0.025 0.070 0.083 0.230 0.000
Q’; 0.000 0.094 0.349 0.041 0.025 0.070 0.083 0.000 0.338
4 1987 ~2002 6
Table 4 The ascendency and relative data of 6 sectors of Gansu Province in 1987 ~ 2002
Item 1987 1992 1995 1997 2002
T 108 yuan/a 700.6 1428.0 2744.2 4163.8 5659.7
1 Bits 0.460 0.408 0.336 0.397 0.499
A10% yuan/ a bits 322.5 582.6 921.2 1653.5 2826.6
C10® yuan/ a bits 1540.9 3238.4 6068. 4 9374.8 13037.5
H Bits 2.199 2.268 2.211 2.251 2.304
1987 1995 6 33 2002 6 2002 10
n+2 n+2
2 1 I= 2 £iQlog fig, 1-0 tables are from statistical bureau of Gansu Province
i=0 /=0

We get the I-O tables of 6 sectors of the year 1987 and 1995 by merging I-O table of 33 sectors respectively The base of logarithm is 2 Note average mutual
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Table 5 The conversion of system throughput from value representation to material representation

Item 1987 1992 1995 1997 2002
t 1937. 66 2253.5 2581.21 2809.74 3018.22
GDP 159.52 317.79 553.35 781.34 1161.43
T 700. 6 1428 2744.2 4163.8 5659.7
/GDP  t / 12.15 7.09 4.66 3.60 2.60
T. /GDP /a 8510.06 10126. 18 12800. 86 14973.25 14707.92
GDP The data on total energy consumption and GDP were drawn from Gansu yearbook
total energy consumption  t 10* tons of SCE t / 10* tons of SCE/10® yuan t / 10* tons of SCE/a
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Table 1 The flows information matrix of Gansu Province in 1992 10%yuan/a

Output ¢
Input j Transportation C ol and 7
Import Agriculture Industry Construction post and ontlm.er(,htl j{n( Other services Value added Final demand !
telecommunication oo 8 1odC
Import 0.0 10.9 126.8 0.0 6.2 7.2 2.4 0.0 0.0 153.5
Agriculture 0.0 24.6 22.2 0.2 0.002 2.1 0.4 0.0 84.1 133.6
Industry 0.0 18.9 174.7 29.4 9.9 19.6 27.9 0.0 218.2 498.6
Construction 0.0 0.0 0.1 1.6 0.09 2.9 1.2 0.0 53.0 58.9
Transportati
ransportation 0.0 1.6 11.6 1.8 0.3 3.9 2.2 0.0 13.8 35.1
post and telecommunication
_ Commercial 0.0 2.7 28.5 4.0 1.4 7.8 7.2 0.0 48.8 100.3
and catering trade
Other services 0.0 1.2 21.1 5.1 1.7 17.5 7.9 0.0 64.4 119.0
Value added 0.0 73.7 113.7 16.9 15.6 39.2 69.8 0.0 0.0 328.9
Final demand 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
T, 0.0 133.6 498.6 58.9 35.1 100.3 119.0 0.0 482.4 1428.0
j o 012 8 0 1~6 7 8 The values of j and i are 0 1 2 8 Where O represents import 1 ~6 represent
sectors 7 represents value added 8 represents final demand
2 1992 6 Sii
Table 2 The value of f; of 6 sectors of Gansu Province in 1992
Output ¢
Input j Transportation c o] and
Import Agriculture Industry Construction post and orrtlm.erm? Zn( Other services Value added Final demand
telecommunications caterimg frade
Import 0.000 0.071 0.826 0.000 0.040 0.047 0.016 0.000 0.000
Agriculture 0.000 0.184 0. 166 0.001 0.000 0.016 0.003 0.000 0.629
Industry 0. 000 0.038 0.350 0.059 0.020 0.039 0.056 0.000 0.438
Construction 0.000 0.000 0.002 0.028 0.001 0.049 0.020 0.000 0.900
Transportati
ransportation 0.000 0.046 0.330 0.050 0.008 0.112 0.062 0.000 0.393
post and telecommunications
C reial
| onmmeres 0.000 0.027 0.284 0.040 0.014 0.078 0.071 0.000 0.487
and catering trade
Other services 0.000 0.010 0.177 0.043 0.015 0.147 0. 066 0. 000 0.542
Value added 0.000 0.224 0.346 0.051 0.047 0.119 0.212 0.000 0.000
Final demand 0. 000 0.000 0.000 0. 000 0. 000 0.000 0.000 0.000 0. 000
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