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Theory and evaluation of urban ecosystem carrying capacity

XU Lin-Yu, YANG Zhi—Feng “y LI We1l (State Key Joint Laboratory of Environmental Simulation and Pollution Control, School
of Environment,Beijing Normal University, Beijing 100875, China). Acta Ecologica Sinica,2005,25(4):771~777.

Abstract : The urban ecosystem is a Social-Economic-Natural Complex consisting of human beings and their surrounding. The
urban population and their activities joiﬁtly form the core component of the urban system, interlinked with the urban eco-
environment. Because resources and environmental quality are crucial to the existence and development of an urban ecosystem,
the development of an urban ecosystem is necessarily built on the basis of interactions among environmental carrying capacity
(ECC), resource carrying capacity (RCC) and social-economic development capacity (SEDC). A single component’s capacity
should not be studied without considering the integrity of the whole system. In this paper, the concept of 'Compound carrying
capacity’ (CCC) is introduced and studied as an index of the interactions among ECC, RCC and SEDC, as a basis for meeting
the challenges of urban sustainable development and eco-city building. Using this index, it is discussed in both theory
fundamentals and quantitative models how these three kinds of capacity function to sustain the urban ecosystem.

Significance and functioning of the urban ecosystem carrying capacity were interpreted in view of city development
perspectives and characteristics of the compound urban ecosystem. The concept of CCC 1s introduced to improve the
comprehensive understanding of this system’s structure and functions. Compared with traditional concepts, the CCC of the
urban ecosystem includes the ability to develop and thus is characterized by being more dynamic. This dynamism shows in the
ability of cities to respond when put under pressure. Clearly, this dynamic is not endless, both environmental, resource and
social-economic development capacities have limits.

A comparative study of urban ecosystems and the human immune systems shows that both systems have similar features.
Thus, the CCC model is discussed in this paper in light of the biology immunity theory. In this it is assumed that the urban

ecosystem is the material input and its main function is to oifer eco-services.

The extent of these services is dependent on both the natural carrying capacity and the acquired carrying capacity of the
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urban ecosystem, and human beings are the receptor of the services. This theoretic model shows the carrier, the carried target

and the carrying mechanism of the urban ecosystem’s CCC. The methodology for both calculation and adjustment mechanism of

the CCC is outlined, with reference to the urban ecosystem health index and evaluation models of sustainable development.

This quantitative model of CCC includes five parts;

the natural carrying capacity, the acquired carrying capacity, the

integration of both basic and acquired carrying capacity, the absolute carrying capacity and the comparative carrying capacity of

the urban ecosystem.

In addition, a case study in Guangzhou city is described. Employing the CCC model, the complex carrying capacity of

Guangzhou City was evaluated. This study showed that the CCC and pressure in Guangzhou were relatively balanced. The

urban ecosystem was basically healthy, but in some parts, adjustments should be made in terms of economic activities and

ecological restorations.

Key words ;urban; ecosystem; carrying capacity; Guangzhou city
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Table 1 Similarity analysis of urban ecosystem carrying capacity and human immunity
AR R RRE WHETRERES iiRIEY
Human immunity Urban ecosystem carrying capacity Similarities
EEBAT . BHAETREHRAEA
BERR.BEARBRVEERN.FTE
% X R SN WA SN TREME R XKW 47 5F W EH 8 35 To sustain
Definition Ey%#}ﬁ%ﬁ%ﬁgﬂ@ ’ EEAEAFERSNESIEMBF  main body alive and act normally
] ML EENHFERENEER TR
AHEIRE-BEHERWERBE SN .9
Yy i B Bl Material AR E RS Immune WHAESE BEF&EM -2 ST EEKEF SR EH
basis system of human being Urban ecosystem storage Interacting with main body as an integral part
HRAESEZWHFRMES 5HEH
IhEE KRG W& Natural %6 1 Ability of resource supply a R K E % Congenital b IfEER R Be
Functions IMmmunity response and self purification of natural limited ¢ B3 Passive
ecosystem
a 042 Memory b ¥ 5t Exceptional function
c EEBH TAHABRETEE 1 Self-adjust ability
, . BREES ATAESHERR in normal conditions d X KRG (B HEESD
.&ﬁﬁ-ﬁ,ﬁﬁj% Acquired Pollution control and artificial eco- #J#h 3 The supplement of the natural immunity
MmUY response environment building response/self-cleaning e Al BT PFIE ST FE

{8 & 4 9% 6 /7 Be able to improve immunity by
manual work f A FPEH F 1 ¥ Initiative

¥ (D) Human immunity is the resistance of human body against infection. it can keep the stability of in-environment through recognizing and

exclude the foreign matter such as antisubstance; (@ Urban ecosystem carrying capacity is the potential capacity of an urban ecosystem to

maintain its health and to devel

health, the resi

op stability. It includes the resistance of urban ecosystem against the pressure which would be harmful to its

y when the pressure disappears, and the development ability by which some proper target can be achieved
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Fig.1 Ilustration of the dynamic equilibrium status of urban development of a certain stage
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2 1 00 £2 FATHTESREANARHSENHNER
L:'a) 100 O T HERTEESEREAR T UECCC Table 2 Results of relative UECCC & UEPIO of Guangzhou
S BT EERAE S UEPIo 0.81 —
E 'gn 0.80 | ~® = : AUECCCh: AUEPIOg; y
R B 1992 — — —
R O o060}
@ © 1993 0. 09 0. 56 —
NS
& é 040 |- 1994 0.12 0. 06 —+
% S 1995 0.11 0. 08 +
H g 020F 1996 0. 08 —0. 32 +
§ 0 11, 1997 0. 08 0. 17 -
S 1992 1993 1994 1995 1996 1997 1998 1999 2000 1998 0.12 0. 23 —
42 Year 1999 0.21 0.17 +
2000 0.19 0. 04 +
B2 J"HEWMTEESREREERE N UECCC)EE N WEPIO)AiL R
— FTIR7<0%; +FR 7>>0° When 7<C0°, “—" is applied; when

Fig. 2 Variation of UECCC & UEPIO of Guangzhou city
Y>0°, “4” is applied
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