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Spatially fuzzy assessment of regional eco-security in Guangzhou, a fast-

urbanizing area. a case study in Guangzhou City

GONG Jian-Zhou"? ,XIA Bei-Cheng"* ,CHEN Jian-Fei

1 School of Environmental Science and Engineering, Sun Yat-Sen University, Guangzhou 510275, China
2 School of Geographical Sciences, Guangzhou University, Guangzhou 510006, China

Acta Ecologica Sinica 2008 ,28(10) :4992 ~ 5001.

Abstract; The security of ecosystems ( eco-security) in urban areas has become a serious problem in fast economic
development and urbanization. Regional eco-security and environmental conditions must be improved, first, by
understanding eco-security and making assessments of its current status. Based on remote-sensing TM images of Guangzhou
and using GIS methods, an index system for eco-security assessment was developed, an assessment was performed with
spatially fuzzy sets, and the temporal and spatial dynamics of regional eco-security were analyzed. The index system and
gridded pattern of eco-security revealed that the level of eco-security in Guangzhou has been fairly steady with some variation
at different times. Before 1995, eco-security was stable but decreased near 1995, when its level was lowest. Comparing
different districts, the level in Guangzhou City was lower than that in its suburb districts and in a serious state. The results
of assessment for eco-security based on gridding could be shown spatially and visibly, and were useful for spatial comparison

to understand different regional eco-security levels. This achievement with the spatially fuzzy set method was an obvious
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improvement over results obtained by the author with other assessment methods. In eco-security levels, results were the
same , but more characteristics for assessment were included in this method, such as the spatial pattern of eco-security. This

work shows that using spatially fuzzy sets for regional eco-security assessment is a reasonable and reliable method.
Key Words: regional eco-security; spatially fuzzy set; 3S; variable weight; Guangzhou City
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Table 1 Indicators and their criteria for assessment of urban eco-security in Guangzhou

R/= Index layer
BARE Wi L 7 BORAW EE RRSS B

Object layer Criteria layer 5 ARZ FR Index name Qﬁ Data source ~ Tendency =~ Mark value  Reference standard
BHADESE AXHESTHE L GuEs .
FEiE Bt ADBERBEREL 1 ritie & Negative 5.87 2004 FELEFPHE S,
% UEAIS Human-social- HEARBEFHESR
environment A GDP(E/A) I, X, 1E Positive 80 000 ARE (1 4B AT ARTE)
pressure index S,
AKFHAH I, PR Negaive SRAERI S,
FERBETRENX SR I, Xy
WHEBR B X TR I X5
. BEE|SEERES
S0, BIEBIRR(%) I, xg IR 0 E(GB3095-1996)
Statistic S,
— . B B R 38 T A DL B
Iﬂﬁ*ﬁh‘ﬂkmﬁ( % ) L Xq IE Positive 100 | Vﬂ@ﬁﬁ'ﬁﬁ?ﬁ{ﬁ S,
. . BRI BRI RAE
X IRIFFERFE F3 4 M (db) Iy g 3% Negative 60 BRI AT S,
REHER FREWNEETVFEIH(%) L Xy Y8 S,
State index BT 1y X10
; BHRES ERERBEHE LR
HRFERAA Ly 1 TM image BUR EBRE S
BREE L, X2 DEM
W L X3
+ ORI SR L, x, EHER
image
HEERGERESIME L5 X5 1E Positive
B — LA BHE S (NDVI) I X16
R (%) Iy
HEERIBRERERE I, X1
EMEEERE L, X9
RAESYBRMEHERILE Ly x4
RESBERNLB K EFR . .
¥, Xy 1 Negative
ASCIIEmR. SO TEREE R A L GDP AL SR .
e B(%) I, Xy Statistic 1E Positive 3.76 2004 £ ESEBE S,
foman g ANERTARRGR(E e 5.0 FLE LWL
environmen FA) Ly 23 egative . MM S,

response index

I ;. Natural growth rate of population;, : GDP per capital (yuan) ;; : Index of human impact;I, . Buffer grade of main traffic roads;J, . Buffer grade
of constructed land;/; ;. Rate of exceeding criteria of SO, ; I, . Legal rate of industrial discharge (% ) ;I : Average of regional noise (db) ;I;: Rate of
difference of annual precipitation to average; I;,: Times of rainstorm annually; /;; : Temperature of land surface from TM image; I;, : Elevation; /.
Terrain; ;1,, : Index of soil erosion;I;5: Value of eco-system service;/,s: Normalized vegetation index;/;; : Index of vegetation cover; I;g: Flexibility of
eco-system; /4 : Index of Landscape diversity;[,,: Rate of landscape area with high ecological value;/,, ; Density of landscape area with high ecological
value;/,, ; Percent of cultural, physical, and scientific investment to GDP;1,; ; Hospital beds percent thousand people. S;: Average of natural growth rate
of whole China in 2004; S, . Reference value of GDP as a developed country ( World bank criteria) ; S; : Assessment value by experts; S, : Second level
of atmosphere environment (GB3095-1996) ; S, : Reference value of advanced city in the world; Sy : Criteria as a Model City of Environmental Protection;

S;: Average; Sg: Extreme difference derived from digital map; S; : Average of China in 2004 ; S, : Average of Beijing, Shanghai, and Guangzhou in 2004
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Table 2 Mean of degree owed to one security level of each eco-security assessment unit Based on fuzzy mathematics method and changed

weights of indices in all areas from 1990 to 2005

EDEEWEER EBELTERFR
DX, 4 Grades of eco-security % & Grades of eco-security
Area Year Area Year
I I | v v I I | v v

£ 1990 31.2 16.6 17.0 20.9 36.2 Mk 1990 31.6 13.8 16.4 21.8 40.8
Whole area 1995 32.3 20.8 16.7 16.3 33.9 Conghua 1995 31.7 16.7 17.6 16.1 39.1
2000 29.4 19.2 21.7 19.2 30.5 2000 29.1 15.6 18.6 19.6 39.1
2005 28.9 19.0 19.2 17.8 35.9 2005 26.7 14.8 18.6 18.1 42.5
AR X 1990 40.1 15.7 17.5 24.8 28.3 bz 1990 33.1 17.9 16.6 20.0 35.8
City center 1995 43.6 22.0 13.9 14.9 28.3 Huadu 1995 27.2 20.6 17.6 20.1 33.2
2000 43.1 19.6 15.3 22.0 26.3 2000 24.6 24.3 19.4 13.3 33.8
2005 45.6 17.5 16.1 18.5 28.3 2005 28.2 22.4 20.7 16.0 34.4
& 1990 32.9 17.7 15.5 16.5 35.8 b 477 1990 20.9 19.0 18.5 20.3 38.2
Panyu 1995 35.1 25.6 17.8 12.4 31.1  Zengcheng 1995 24.1 21.1 16.7 18.6 35.2
2000 28.0 20.4 25.3 20.8 25.5 2000 22.1 19.4 29.1 18.3 26.1
2005 35.5 22.1 22.5 12.3 28.5 2005 12.9 20.9 19.4 21.9 41.1
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FoKFLA L s PRI XA R R 2K 2 N F R B, HRA AL SE P38 20 1L i ) A A 2K P o SRR
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Fig.1 Classes of synthetic eco-security in Guangzhou City
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ERETIREN
Statistics value

020

75 B Z ¥ Variable coeffcient

0.10 | | |

0
1990 1995 2000 2005 1990 1995 2000 2005

A Year

B2 1990 ~2005 4F [H M 38Ty 42 25 2 2 B ASRFE 2%
Fig.2 Characteristic dynamics of urban eco-security in Guangzhou from 1990 to 2005
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Fig.3 Means and its variational coefficients of eco-security for different districts from 1990 to 2005
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