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An analytical method on limiting factors of urban ecological supporting system

and its application to Guangzhou City

HU TingfLan ,» HE Mennghang s> YANG ZhifFeng* (School of Environment, Beijing Normal University, State Key Joint
Laboratory of Environment Simulation and Pollution Control . Beijing 100875, China). Acta Ecologica Sinica,2004,24(7) :1493~1499.
Abstract: A City is a complex ecosystem comprising social, economic and natural subsystems. Its development depends on the
integrity of Urban Ecological Supporting System (UESS). However traditional urban planning either neglected the ecological
research or isolated the individual factors of UESS rather than considering the UESS’s whole state in setting developing goals
and resources allocation. Sustainable development theory requires careful consideration of the capacity of earth’ s life
supporting system. It is important to harmonize the relationships between man and nature using a systems approach to the
carrying capacity of UESS. This paper characterized the dynamics of UESS and proposed an assessing method of limiting factor
based on supply and demand theory, which indicates that there are three relations between a commodity’s supply and demand.
Limiting indices for resource and environmental factors were established accordingly for they have different supply and demand
attribute. Resource factors” effects to urban ecosystem can be expressed directly in factors’ quantity. Thus the limiting indices
for resource factors were established by the contrasting of scarcity to demand. For some environmental factors with national,
regional or industrial guiding standards such as forestland, urban vegetation, energy structure and so on, the limiting indices
were set up by the difference of the factor’s state to its standard value. For air and water environment, this paper developed
the limiting indices through contrasting of residual environmental carrying capacity to total environmental carrying capacity.
Also, the limiting effect was quantified with a scale of 5 grades from grade T to grade V , with grade T indicating the
strongest limiting effect and grade V none. The grade of each factor was established based on Delphi Method. Two methods of
limiting factors controlling and regulating were proposed. One is to control the demand and the other is to expand the supply.

The method was applied to a case study for the UESS of Guangzhou City on different scenarios and target periods. The results
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indicate that on the scenario of current resource utilization pattern and environment protection, the UESS of Guangzhou City
cannot meet the needs of urban development in the future and the stresses resulting from limiting factors will be even stronger
with the development of the urban ecosystem. On scenario of implementing ecological controlling and regulating, limiting
factor’s blocking effects decreased gradually. On the contrary, the carrying capacity of Guangzhou UESS increased highly and
provided a sound ecological basis for urban sustainable development.

Key words :urban ecological supporting system (UESS); limiting factors
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Table 1 The estimating standards for limiting factors of resources and environment components

( )
Standards of limiting factor identifying
( N and its blocking effects grades (limiting grades)
sse%m‘g Factors (indicators)
contents ) o ) N ) v O
Strongest Strong Less strong Weak None
. .0 =30 15~30 5~15 <5 <1
( N ( )@ <—15 —10~—15  —5~—10 0~—5 0
( @ >20 10~20 5~10 0~5 0
D
- ( )\
2 ( NC <—100 —100~50 —50~—30 —30~5 >5
® N _ _ _ —
( )
( ) Ecological capacity grades of factors(supporting capacity)
Assessing Factors (indicators)
actors (indicators
contents I ) NP I 73] N O Vo0
Strongest Strong Less strong Weak None
® N . \‘3 <—100 —100~—50 —50~—30 —30~—10 >—10
( PN ( )@ >15 10~15 5~10 0~5 0
‘ ( N
’ ( )@ =00 30~50 20~30 5~10 <5
® +fs T +++ ++ + =

% (DLimiting index; @Key resources; 3)Ecological environment; @)Water, land and energy; G)Forest land (forest coverage, taking 50%
as the standard value) and urban vegetation (green coverage, taking 40% as the standard value); @ Energy structure (the percentage of coal
consumption of total energy, taking 30% as the standard value); (@)Atmospheric environment (the ratio of SO, residual environment capacity to
atmospheric environment capacity, taking 0. 06 mg/m?® as the standard) and water environment (the ratio of CODcr residual environment capacity
to total environment capacity. taking 15 mg/L as the standard in this paper); ®Indicating symbols; @ Abundance index

2.2
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Table 2 The results of resource limiting factors estimating in Guangzhou UESS (On the scenario of current resource utilization pattern)
The relative state of supplying and demanding of key resources
Limiti
Year Water resource Rank of resource limiting factors tting
- Energy grades
Dry season Flood season Land resource
2000 — +++ ++++ = Water resources —
2005 — = +++ ++++ —— / Water resourcesand energy ———
2010 —_———— +++ +++ _— / Water resources and energy ~— —— —
2020 - ++ ++ - / Water resources and energy  — — — —
3 ( )
Table 3 The results of environment limiting factors estimating in Guangzhou UESS (on the scenario of current environment protection)
The states of ecological environment Rank of ecological and environmental .
Year Lo Limiting grades
; 2 - . 5 limiting factors
2000 - ++++ - - - N N N © ——
2005 ———— 4+ —— —— . . . 7 —
20010 ————  —— —— _ = . . . . ® —
2020 @ ———— ———— —— —_——— = . . . . e ———

(DWater environment; (2)Atmospheric environment; 3)Forest land; @) Urban vegetation; (3)Energy structure; (6)Energy structure, water

environment, urban vegetation and forest land; (7) Water environment, energy structure, urban vegetation and forest land; (8 Water

environment, energy structure, urban vegetation, atmospheric environment and forest land; (©) Water environment, energy structure, urban

vegetation, atmospheric environment and forest land

4 ( )
Table 4 The results of limiting factor estimating in Guangzhou UESS (on the scenario of ecological regulating and controlling)
factors 2005 2010 2020
Water Dry season = = =
resource Flood season T TR +++ +++
Land resource BT +++ +
o Energy = = =
Limiting factor None None None
Limiting grade None None None

Water environment
Atmospheric environment
Forest land
Urban vegetation

Energy structure
Limiting factor

Limiting grade

(DThe relative state of supply and demand of key resources; @ The states of environment factors; (3)Energy structure, urban vegetation and

forest land; (HEnergy structure, urban vegetation and forest land; G)Energy structure
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