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Quantifying the trend of economic sustainability; take Beijing as a case study

HUANG Jiali* , XU Zhongmin
Key Laboratory of Ecohydrology of Inland River Basin,CAS , Lanzhou Gansu 730000, China

Abstract; Quantitative measure of sustainability is a hot topic in the fields of sustainable development, economics, ecology
and relative disciplines. An evolution model put forward by Ulanowicz is introduced here to evaluate the trend of economic
sustainability. The model, which is based on thermodynamic, network analysis, information theory and researches on real —
life ecosystems, could measure sustainability of any complex, matter/energy flow system. It says that the capacity for a
system to undergo evolutionary change or self-organization consists of two factors; 1) ascendency the network’s capacity to
perform in a sufficiently organized and efficient manner as to maintain its integrity over time; and 2) resilience; its reserve
of flexible fall-back positions and diversity of actions that can be used to meet the exigencies of novel disturbances and the
novelty needed for on-going development and evolution. These two factors are complementary with respect to diversity and
connectivity in the network. A system'’s resilience is enhanced by more diversity and connectivity, while ascendency is
increased by less diversity and connectivity. In other words, too much ascendency (resilience) means too little resilience
(ascendency). The key point is that system’s sustainability is decided by the balance between ascendency and resilience.
A System with too little ascendency has neither the extent of activity nor the internal organization needed to survive.
Conversely, systems with too much ascendency appear brittle in the face of novel disturbances. In one word, system’s
sustainability is depending on the tradeoff between ascendency and resilience.

In this paper, the trend of economic sustainability in Beijing from 1985 to 2005 was evaluated. Firstly, based on I-O
table cash flows among six fundamental sectors of Beijing economy were outlined; agriculture; industry; construction;
transportation, post and telecommunication; commerce and catering trade; other services. Secondly, the value of
ascendency/ development capacity ( denoted as a), which is a relative measure of the organized power flowing within the
system, was calculated. When the system is at its optimal sustainability a works out to be a,,. The further the a is from
the less sustainable the system is. In this paper we assumed that a,, is 0.37. The results showed that during 1985 —

opz ’

1987 where a was arising from 10.94% to 11. 61% system developed toward configuration of more sustainable. While
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during 1988 — 1992 where a was dropping from 11. 61% to 9. 66% system developed toward configuration of less
sustainable. During 1993 — 2002 system developed toward the optimal sustainability. While during 2003 — 2005 system
kept away from the optimal state again. Third, the way to vector the system towards configuration of more sustainability was
analyzed. During 1985 —2005, each a is less than 0.37, which means that the system inhabits much more resilience than
ascendency. Sensitivity analysis on ascendency with respect to each individual component process quantified the value of
that link “at the margin” in 2005. The analysis revealed that to strengthen paths contributing more to ascendency is an
effective way to increase system's sustainability. For example, when artificially doubled the flow of construction’s final

demand the value of a was increasing from 9.66% to 10.42%.

Key Words: sustainable development; system evolution; ascendency; resilience
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Fig.2 The currency network of 6 sectors economic system of Beijing in 1997 ( x10°yuan)

®1 JLHEH 1997 FRREBEEER( x10°70)
Table 1 The flows information matrix of Beijing in 1997 (10°yuan)

B HTHIR Bk
£33l Indus Al Ll AL Transportation, Commercial and A5 BAGUR
A y Agriculture Industry Construction post and . Other services Final demand
L. catering trade
telecommunication
Al Agriculture 3.3 6.3 0.0 0.0 0.8 0.1 9.7
Tk Industry 2.7 121.0 28.1 10.4 6.2 37.1 135.6
#:51 Construction 0.0 0.1 0.0 0.1 0.1 2.9 55.2
B iR,
Transportation , post 0.3 9.4 2.6 3.4 1.5 10.2 15.3
and telecommunication
Pk k& Commercial 1.4 14.1 3.6 1.7 1.0 6.7 26.6
and catering trade
ﬁﬁhﬂ&%ﬂk 0.9 19.2 5.1 5.6 5.8 62.0 129.7
Other services
BEAI{E Value added 8.6 59.8 15.4 16.4 19.2 107.1 0.0
WA Inflow 3.0 111.1 3.7 5.1 20.5 2.2 0.0

M 1,18 R 58 GDP Jg 226. 6 x 10°50; AR5 (10) sUASR A& RAE T € 7 980.5 x 10° 7T LA s AR (11)
ARG EFHE A 1 107.2 x 10° 78 HoAe, AR 4R =0 (12) AISRAGHE 10 873.3 x 10770 EUAF. [EE, ATk i
1985—2005 4EH BRI A SR AE ST . ETHE R 1 TR IR 2,
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Table 2 The ascendency and relative indices of Beijing economic system in 1985—2005

FEEL Indices 1985 1987 1990 1992 1995 1997 2000 2002 2005
C(10° 55 - Hed) 102.1 127.3 193.8 304.1 622.8 980.5 1256.5 1751.0 3123.0
A(10° T - HeAE) 11.2 14.8 20.3 29.4 61.3 107.2 145.3 210.6 301.8
¢ (10° JG - HHe) 90.9 112.5 173.5 274.7 561.5 873.3 1111.2 1540.3 2821.2
a 10.94% 11.61% 10.47% 9.66% 9.84% 10.93% 11.56% 12.03% 9.66%

CFRBRREIT ;A Fom B s FORIRET 1 s A SCHR o ARG 1 R B, B BT/ R SR BB IRHL, 7m X R 58 WA AL U0 IR A X o
BAFHFRE TR NLEI R SR P BUREOR 2,

3.2 4
HRAEHTE R E , Bl o HR 0.37, WM o SATHE
s ZERTTAE 3 Rl AR 2HFMal |
I 3 T4, JL 50 2 5 R SE 1985—1987 42 1H] o fE :
10.94% 78 g 11. 61% , ZR G E B L AT RR 219 05 1) &
J& ;7 1988—1992 4E[6] a {HH 11. 61% 254 9. 66% %
GEEIE T B R P AR AR 7 ] % R 51993—2002 4F @
{HH 9. 66% 75N 12. 03% PR EAE He i vl FrLE s
[6] % & 52003—2005 £F P Y 3] 3 B F A1 P 458 2 14 77 17) :
I H EAEX 20 4E ARG a (EHI0 T Beph AT HE4E ! o o
R, UL R G 1) BE AT R ) 7 [ R SR e B FXFIE) B Relative activity coefficient
ARG, ii?it%‘%%iﬂmﬁ%%%%ﬁ%ﬂ%ﬁﬁ B3 TR AR M % R
BOKHIBAE, IV 205 R GHCR A PR SUIRB MBS gy 3 Tne relationship between sustainability and relative
o MAXE FFHERIET REZCE, HIATET T activity coefficient
H—Hr Xt E IR A PR STER (BB AR &
R In— AL, X B TR STER /N ) H 87 2 s e gt A
WS HEREZ AT S B — B Xt B AP bRk, W (14) o

9A T.T
22 = log( i)+ 1 14
o, Og(TiTA)+ og(e) (14)

L 253 (1) PSR (14) T BB BA EARE | FHHEB R T2t T35 3.

F3 LT 2005 F£L5F R —HrERERT LA AR T
Table 3 The contribution of each individual process to ascendency at the margin of Beijing in 2005

A #F4E1H: Sustainability

B HTHIR [iNZY S5y
47\ Ind Rl Tk SO Transportation,, Commercial HABRR S\ A
A7l Indlustry Agriculture Industry Construction post and and catering  Other services Final demand
telecommunication trade

4l Agriculture 5.46 0.36 -1.87 -3.63 0.31 -2.47 2.38
Tk Industry 0.37 1.64 2.31 1.25 0.33 0.64 1.58
4 Construction -5.60 -3.99 0.00 -1.14 -0.10 0.55 2.81
JEHI MEHE Transportation, —_, g 0.04 1.13 2.08 0.51 1.97 1.86
post and telecommunication
FAL KR Commercial and ) ) -0.47 0.21 0.67 ~0.44 0.78 2.56
catering trade
FHAbAR 55k Other services —0.69 0.20 0.98 0.80 1.00 1.46 2.20
HahnE Value added 1.88 1.22 1.22 2.34 2.43 2.78 0.00
WA Inflow 2.63 2.65 0.85 1.40 2.40 0.20 0.00

TR X BUREOR 2
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