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An entropy weight approach on the fuzzy synthetic assessnent of Beij ing urban

ecosysten health, China

ZHOU W en-Hua, WAN G Ru-Song* (Research Center for Eco-environmental Science, Chinese A cadeny o Sciences, B eijing,
100085, China). Acta Ecologica Sinica, 2005, 25(12): 3244 3251

Abstract: This research assessed the health conditionsof theBeijing urban ecosysten from 1996 to 2003 through use of a fuzzy
logic approach on entropy weight The relative menbership method used here avoided the uncertainty in estmating the
standard of urban ecosystem health subjectively The results showed that: (1) The relative health status of Beijing urban
ecosystem health increased from 1996 to 2003 Themost healthy year was 2003, and the least healthy year was 1996 (2)
Based on the maximum memnbership degree principle, the maximum manmbership degree in human health group was 0. 967
(2002), in biotic community group was 1. 000 (2003), in social group was 1.000 (2003), in economic group was 0. 938
(2003), in built-up environment group was 1. 000 (2003), in natural environment group was 0. 795 (1998), in interaction
group betw een natural and social econom ic envirormentw as 0. 916 (2002), and in the impact on larger ecosystem group w as
1.000 (1996) . Themaximum memnbership degree anong all groupsw as in 2003, w ith a probability of 37. 5%.
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Table1l The indicator system of Beijing ecosystan health assessnent

Component Catalogue Ordinary indicators Processed indicators  Entropy w eight
[ 1 (1)
(2) v 0.137
2 3 Vv 0. 040
3 (4)
(5
4 (6)
(7 v 0. 002
I 5 (8)
6 (9)
(10) ( ) v 0.045
1] 7 (11) v 0.038
(12)
8 (13)
9 (14)
(15)
10 (16)
Y 11 (17) GDP
(18)cDbP v 0.085
(19)
12 (20) GDP
(21) GDP v 0.235
% 13 (22) v 0.022
14 (23)
15 (24)
16 (25)
17 (26)
18 (27)
19 (28)
20 (29)
Vi 21 (30) 02
(31) TSP v 0.034
(32)NO« v 0.014
22 (33) v 0.014
(34)
(35) v 0.001
23 (36) v 0. 089
24 (37) v 0.003
(38) v 0. 197
25 (39)

(40)
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Component Catalogue Ordinary indicators Processed indicators  Entropy w eight
Al 26 (42) v 0.003
27 (42)
(43) v 0. 004
(44)
(45)
(46) GDP %
28 (47)
VIl 29 (48) v 0. 038
1996 2003, 1996 2003 1996 2003 The data come from Beijing

Statistic Y earbook published by Beijing Statistic Bureau (1996 2003), BeijingW ater ResourcesBulletin organized by Beijing W ater A uthority
(1996 2003), and Beijing Environmental Q uality Bulletin organized by Beijing Environment Protection Bureau (1996 2003, unpublished);
Represents population death rate for abnomal reasons calculated by the sum of
proportion of population death rate of traffic accident and fire disaster in total population death rate; , ,
Public traffic vehicles indicate that bus, mini-bus, trolleybus, and subw ay; ,
W ackernagel (%! Ecological footprint is calculated by food and energy acoounts based on the parameters of
W ackernagel?! in calculating the ecological footprint of China
[ Human health, I Biotic community, IIl society, IV Economy, V Built-up envirorment, VI Natural environment, VI
Interactive action betw een natural and social economic environrment, VI mpact on regional system
1 Population health, 2 Health equality, 3 Cultural education, 4 Health service, 5 Natural conservation area, 6 Green areas, 7
L ife quality, 8 Social equality, 9 Social stability, 10 Government managenent power, 11 Economic vigor, 12 Economic efficiency, 13
Housing, 14 Public trangport, 15 W ater supply facility, 16 Sewagew ater facility, 17 Heating supply facility, 18 Gas supply facility, 19
Roads, 20 Park, 21 Air, 22 Surfacewater, 23 Groundwater, 24 Soil, 25 Noise, 26 Landuse, 27 Environrmentmanagenent, 28
Publica participation, 29 Ecwlogical influence on regioanal ecosystem
(1) Population natural grow th rate, (2) Infant death rate, (3) Population death rate CI, (4) A verage number of undergraduate student per
10000 population, (5) Percentage of education, cultural, and recreation expenditureson living expenditures, (6) Doctorsper 10000 population,
(7) Howital beds per 10000 population, (8) A rea of natural reserves, (9) Coverage of city green areas, (10) Per capita public green area
(including surfacew ater area), (11) Engel coefficient of urban households, (12) Engel coefficient of rural households, (13) Ratio of annual
discretionary urban household income to rural household income, (14) U nemployment rate, (15) Criminal cases accepted and closed by court per
10000 population, (16) Population death rate for abnomal reasons, (17) GDP per capita, (18) A verage annual GDP grow th rate, (19)
Inflation rate, (20) Energy consumption per 10000 GDP, (21) W ater consumption per 10000 GDP, (22) Housing area per capita, (23) Public
traffic vehicles per 10000 population, (24) A rea of water supply, (25) L ength of savage pipes, (26) The rate of householdsw ith access to
heating , (27) The rateof the gasification of the resident, (28) The nunber of vehiclesper kilometer, (29) A reaof parks, (30) A verage annual
02 concentration, (31) A verage annual TSP concentration, (32) A verage annual NOx concentration, (33) Percentage of river compliance,
(34) Percentage of lake compliance, (35) Percentage of reservoirs compliance, (36) Y ear-end groundw ater depth, (37)Consumption of chemical
fertilizer per hectare cropland, (38) Consumption of pesticide per hectare cropland, (39) A verage of traffic noise, (40) A verage noise value,
(41) Percentage of forestry area, (42) U rbanw astew ater treatment rate, (43) Industrial solid w aste comprehensive utilization, (44) Industrial
w astew ater effluent compliance, (45) Domestic garbage treatment rate, (46) Percentage of environment invest, (47) Public gppealing timeson

environment issues, (48) The ratio of ecological footprint to ecological capacities

, 2 3 @
, , (p< 0.05), (2
, , , (2
(4 (50 (9), 62. 5% 37.5%

(p< 0.05), , 1, 18
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Table 2 The bivar iate correlationsamong the indicator s in the human health group

Pearson correlation

Indicators (1) &) €) Q) €) ©) Q)
(1) 1 0.813(*) - 0.262 - 0.716(*) - 0.804(*) 0.754(*) - 0.109
0. 000 0.014 0.531 0. 046 0.016 0.031 0. 797
(2 0.813(*) 1 - 0.440 - 0.793(*) - 0.839(* *) 0.832(*) - 0.495
0.014 0. 000 0.276 0.019 0. 009 0.010 0.213
(3 - 0.262 - 0.440 1 0. 207 0.104 - 0.046 - 0.117
0.531 0.276 0. 000 0.623 0. 807 0.914 0.782
(4) - 0.716(*) - 0.793(*) 0. 207 1 0.940(* *) - 0.945(* *) 0. 159
0. 046 0.019 0. 623 0. 000 0.001 0. 000 0. 707
(5 - 0.804(*) - 0.839(* *) 0.104 0.940(* *) 1 - 0.936(* *) 0.320
0.016 0. 009 0. 807 0.001 0. 000 0. 001 0.439
(6) 0.754(*) 0.832(*) - 0.046 - 0.945(* *) - 0.936(* *) 1 - 0.293
0.031 0.010 0.914 0. 000 0.001 0. 000 0.481
(7 - 0.109 - 0.495 - 0.117 0. 159 0.320 - 0.293 1
0.797 0.213 0.782 0. 707 0.439 0.481
* 0.05 ( ) Correlation is significant at the @ 05 level (2-tailed); * * Qo1 ( )

Correlation is significant at the Q 01 level (2-tailed)

12
, , 0{1996, 1997, 1998, , 2003}, U=
{x1, x2, , Xus} V= { , ¥ ' 2
13
, 123] ’ ’
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0.967(2002), 2002 8a ) , 1.000(2003 ),
1. 000 (2003), 0. 938(2003), 1. 000(2003), 0.795(1998),

0. 916(2002) , 1. 000(1996)
2003 37.5%
(3) : 8a ,

, ;1999 1999

(1) ,

(2 - - : :

(3) : 1996 2003 2003 1996 ; 8a

8a )

(4 : : ,

(5) : :
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