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Tab. 1 Results of filtrating the index system of society & economy security subsystem using AGA — FAHP

FIFNIEPRYAE — 2

Ar 1 2 3 4 5 6 7 8 9 10 11 12 13 14 $8FRERE
P, 0.034 0.080 0.097 0.111 0.099 0.045 0.028 0.079 0.025 0.093 0.089 0.092 0.040 0.088 0.177
P, 0.113 0.067 0.136 0.100 0.103 0.042 0.040 0.100 0.061 0.041 0.037 0.042 0.025 0.093 0.203
Py 0.079 0.089 0.024 0.084 0.078 0.011 0.012 0.138 0.143 0.086 0.081 0.065 0.081 0.029 0.260
P, 0.100 0.092 0.036 0.098 0.095 0.083 0.093 0.102 0.041 0.085 0.029 0.032 0.034 0.079 0.215
P, 0.072 0.087 0.087 0.076 0.083 0.048 0.027 0.090 0.039 0.091 0.086 0.094 0.095 0.025 0.199
P 0.040.0.100 0.036 0.031 0.102 0.100 0.093 0.096 0.038 0.098 0.097 0.102 0.033 0.035 0.138

Y{E 0.073 0.086 0.070 0.083 0.093 0.055 0.049 0.101 0.058 0.082 0.069 0.071 0.051 0.058
FrifEzs 0.032 0.011 0.029 0.028 0.010 0.032 0.035 0.020 0.043 0.021 0.044 0.029 0.029 0.032
PEZ/ I 0.438 0,128 0.414 0.337 0.108 0.582 0.714 0.198 0.741 0.256 0.638 0.408 0.569 0.552
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Tab.2 The assessment index system of Chaohu watershed water security and its grading criterion
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1 (REE) 2 (BA%ES) 3 (Iii#se) 4 (B#EE) 5 (FEERL)

C, KR A/ % > 60 40 ~ 60 25 ~40 10 ~25 <10
Co, N YRE/(m® - A7) <1000 1000 ~1700 1700 ~2300 2300 ~3000 ©  >3000
C, B EBUKEIRE/(10' m’ - km ™) <30 30 ~75 75 ~ 150 150 ~300 >300
C, I Tl = {E#EK R/ (m® - FTot™") >450 350 ~450 250 ~350 150 ~250 <150
C, s LA FI/KEEFI AR % <50 50 ~70 70 ~ 80 80 ~90 >90
C, ( JITERMN = FKR/ (m® - T7ot™") >2000 1500 ~2000 1000 ~ 1500 500 ~ 1000 <500
C,  HEBBKER G A R B , <0.15  0.15~0.25 0.25~0.40  0.40 ~0.50 >0.50
C, TEWETE AR S4B R L)/ % <30 30 ~40 40 ~50 50 ~60 >60
C, MBI/ % <10 . 10~15 15 ~20 20 ~30 >30
C, K ETRRIGBAR/ %o <50 50 ~60 160 ~70 70~80 >80
C, 5 TV K HEBGR AR % <80 80 ~85 85~92.5  92.5~97.5 >97.5
C, JITCFETE K HEN R/ (v Bt ") >55 40 ~55 25 ~40 10 ~25 <10
C, s ETH I RALHER/ % <20 20 ~40 40 ~60. 60 ~ 80 >80
C, BRI TR AULAEIE A&/ (¢t + hm ™) >0.5 0.4~0.5 0.25~0.4  0.1-0.25 <0.1
C, , TV K HERE 3 2/ (10%t - km ™?) >4 3~4 2-~3 1~2 <1
C, I E KR % <1 1~2.5 2.5~4 4~5.5 >5.5
C, o KT ARAR/ % <5 5~10 10 ~15 15 ~20 >20
Cy 1o MR T 5 GDP b4/ % <0.3 0.3~0.6 0.6 ~1.0 1.O~1.5 >1.5
Cy  HEK SR TEFREE/ % >8 6~8 4~6 2~4 <2
Cy WK NE BRI/ % >20 10 ~20 5~10 2~5 <2
C, s LW HL2R &5 GDP L/ % >5.5 4~5.5 2.5 ~4 1~2.5 <1
C, , TRZREHE % >30 20 ~30 10 ~20 5~10 <5
Cs s TRANHZRE % >20 10 ~20 5~10 2~5 <2
C, s TEH#ILR & GDP L/ % : >5.5 4~5.5 2.5 ~4 1~2.5 <1
Cy ST E K TR RS/ (10°m’ - km ™) <10 20 30 40 >40
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Tab.3 Evaluated results of water resources and water environment security subsystems of Chaohu watershed using SPA-DAM

ABRBEZLETREA—AANRBE &

KFERLETFRENA— A RRE %

T g am am 4m s Sm| P 1@ 2 3w 4m 5S4 Su
1999 0.168 0.298 0.268 0.198 0.067 2.698 1999 0.212 0.262 0.215 0.214 0.098 2.724
2000 0.215 0.236 0.202 0.245 0.100 2.779 2000 0.222 0.220 0.215 0.229 0.114 2.793
2001 0.272 0.250 0.208 0.192 0.079 2.556 2001 0.197 0.149 0.198 0.271 0.185 3.098
2002 0.108 0.280 0.317 0.220 0.075 2.874 2002 0.179 0.148 0.194 0.289 0.191 3.165
2003 0.000 0.143 0.388 0.354 0.115 3.440 2003 0.071 0.098 0.177 0.385 0.269 3.683
2004 0.274 0.215 0.155 0.225 0.131 2.724 2004 0.161 0.135 0.197 0.316 0.191 3.239
2005 0.213 0.257 0.151 0.225 0.154 2.850 2005 0.169 0.132 0.168 0.302 0.228 3.287
2001 J@4E)/5 0.057 0.308 0.365 0.192 0.079 2. 928 |[1999 #E4#s/5 0.038 0.277 0.373 0.214 0.098 3.057

34 i

(1) RTEFEPL, B, GBS E LT H
THRE. ERMLGETNRBRERREX R
BATAL LT RS R RAL, 4R RAFRESINE

FMIBWIK R 2 RGAL T IEH B A R B
PRRIE, PR EERBRK 22 REBET RELTA
LM EBIE (REFEIR) , XX Lafgdni th Al
REFREERIEE . PR R SR S WK
BERGEHTRGEM AR 2RI, ERBKE
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A4 EMABKREG LML FEAET RV SPA-DAM & R
Tab. 4 Evaluated results of water disaster and society & economy security subsystems of Chaohu watershed using SPA-DAM

b KREGEEETREAAAREE Z2
1% 2% 3% 4% SH HR

1999 0.197 0.241 0.136 0.167 0.260 3.053
2000 0.230 0.204 0.114 0.099 0.353 3.140
2001 0.192 0.220 0.131 0.203 0.254 3.106
2002 0.295 0.275 0.077 0.022 0.332 2.820
2003 0.232 0.320 0.195 0.153 0.101 2.571
2004 0.146 0.177 0.097 0.143 0.437 3.547
2005 0.159 0.174 0.203 0.226 0.238 3.209
2003 J&¥5/5 0.147 0.279 0.280 0.194 0.101 2.822

K HEAFRETREN— X RBE X2
1% 2% 3% A% SH  HFR

1999 0.143 0.357 0.281 0.131 0.088 2.666
2000 0.114 0.350 0.309 0.130 0.097 2.745
2001 0.103 0.328 0.320 0.141 0.107 2.822
2002 0.101 0.293 0.322 0.162 0.121 2.907
2003 0.101 0.224 0.317 0.215 0.144 3.077
2004 0.109 0.209 0.240 0.227 0.215 3.229
2005 0.126 0.209 0.164 0.211 0.290 3.329
2005 P45 0.000 0.210 0.290 0.211 0.290 3.580

A5 AR L %A SPADAM 445 R
Tab.5 Evaluated results of water security system of Chaohu watershed using SPA-DAM

i 1y KE ARGV — AT SRR T

1% 24 3% 4% 5% 8
1999 0. 180 0.289 0.225 0.177 0.128 2.785
2000 0.195 0.252 0.210 0.176 0. 166 2. 863
2001 0.191 0.237 0.214 0.202 0. 156 2. 896
2002 0.171 0.249 0.228 10.173 0. 180 2.943
2003 0.101 0.196 0. 269 0.277 0.157 3.194
2004 0.172 0,184 0.172 0.228 0.243 3.186
2005 0. 167 0.193 0.171 0.241 0.227 3. 169
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Diagnosis Assessment Model of Watershed Water Security
Based on Index System

WU Kai-ya', JIN Ju-liang®, WEI Yi-ming® , ZHANG Hao"
(1. National Innovative Institute for Public Management and Public Policy,
Fudan University, Shanghai 200433 , China;
2. School of Civil Engineering, Hefei University of Technology, Hefei 230009, China;
3. Institute of Policy & Management, Chinese Academy of Sciences, Beijing 100080, China;
4. Department of Environmental Sciences and Engineering, Fudan University, Shanghai, 200433, China)

Abstract: In order to quantitatively judge comprehensive status of assessed watershed water security and identify
the key indexes which lead to insecurity status of watershed water security system or its sub-systems under the ran-
dom, fuzzy or experiential uncertainty conditions, the diagnosis assessment index system and evaluation grading
standard of watershed water security were determined on the basis of theory analysis, expert consult and investiga-
tion of watershed water security. The accelerating genetic algorithm based fuzzy analytic hierarchy process was used
to filtrate the index system and to determine the weights of both indexes and subsystems of water security diagnosis
assessment system. The relative membership degree function of variable fuzzy set of the assessed samples according
to criterion grades was determined by using set pair analysis method. Then a new diagnosis assessment model of
" watershed water security based on index system and set pair analysis method, named SPA-DAM for short, was es-
tablished. The SPA-DAM was applied to assessing the water security system of Chaohu watershed of China. The re-
sults show that the watershed has been near the critical security state during the last seven years. Its comprehensive
water security situation was improved very slowly because the degrees of the water resource and water disaster secur-
ity subsystems were low and fluctuated remarkablly, and the degrees‘of the water environment and society & econo-
my security subsystems of Chaohu watershed were not high. The key indexes of water resoufce utilization ratio, wa-
ter resource amount of per person, fertilizer wastage of unit area, environment protection investment of unit GDP,
storage capacity of water conservancy projections of unit area, water conservancy projection investment of unit GDP,
regional exploitation exponent, population density, science and technology investment of unit GDP must be regula-
ted and controlled with reason in order to further heighten the safeguard degree of the watershed water security. The
evaluation results of SPA-DAM are reasonable and reliable. SPA-DAM is simple and practical, and SPA-DAM can
be applied to different multiplayer comprehensive diagnosis assessment problems of complex systems under the
known grading evaluation criterion.
Key words: management of watershed water security; diagnosis assessment; index system; set pair analysis; fuzzy

analytic hierarchy process; Chaohu watershed





