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Abstract: Water resources security is a complex system composing of natural and social factors, with complex and fuzzy features.
In this paper,a network hierarchy division and a weight calculation have been proposed for the main control factors of the water
resource safety assessment on the basis of Analytic Network Process (ANP) , comprehensively considering four aspects of water
resource security, namely, water supply security, social security,economic security.and ecological environment security. In addi-
tion,a comprehensive evaluation model of water resources security was established by combining Grey Relation Analysis
(GRA). The water resource security of Guizhou province from 2008 to 2015 was then evaluated with this model. The results
showed that its security was overall in a relatively stable state, which was between safer and near safe condition,and the safety
grade steadily ws on the rising. This result was coincided with the reality, which indicated that the comprehensive evaluation

model with the applications of GRA-ANP was reasonable and effective. The evaluation method and results thus can provide a
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reference for regional assessment of water resources security and the development and utilization of water resources.
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Tab. 1 Indicators and gradings of water resources safety assessment

HEN 2 Tek5 2 1 1l I} v Y
ARG /m? 5 000 3 000 2 000 1 000 500
PRI % 65 55 45 35 20

il: 7
Pokzes ACHIE I/ %6 6 10 15 22 30
R KRR R/ Y 0.2 1.2 2.2 3.2 4.2
ANFERE/ N« km?) 75 150 300 600 900
tha s WL % 85 60 45 35 25
N HKE /(L - dD 160 210 260 310 360
J7 96 GDP JH/K#:/m3 60 120 180 240 300
20 S Tolv FHAKZ/ % 10 25 40 55 70
HEBEFHAKER/ % 20 35 55 65 80
HEBFAKER/ Y% 1.6 1.2 0.8 0.4 0.2
AR RS MEESER/Y% 2 52 37 22
KN RE X AR BERR R/ Y 85 75 65 55 35
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Tab. 2 Water resources safety indicators assessment in Guizhou Province from 2008 to 2015

ATk L 2008 2009 2010 2011 2012 2013 2014 2015
NEK B /o 2826.00 2226.00 2283.00 1806.00 2796.00 2168.00 345800 3 269.00
PR Y 64.78 51.68 54. 30 35.55 55. 29 43.11 68. 86 65. 49
KRR R/ % 8.93 11.03 10. 61 16.18 9. 40 12.11 7.86 8. 45
T K TT R AR/ %% 2.98 2. 80 2. 86 0.51 0.43 0.81 112 1.06
NHZREE /N« km?) 204. 00 201. 00 197. 00 197. 00 198. 00 199. 00 199. 00 200. 00
Vit Ui Y 29. 11 30. 00 33.81 35. 00 36. 50 37. 80 40. 01 42.01
AR/ (L d) 252. 00 245, 00 242. 00 274. 00 263. 00 263. 00 272. 00 276. 00
Ji 7t GDP 7k it /m® 286. 00 257. 00 219. 00 167. 00 135. 00 115. 00 103. 00 107. 00
Tk FAKZR/ % 33.12 34. 01 33.83 42.16 27.31 29. 37 29. 02 26.16
TEWE K 2/ % 50. 22 50. 13 49.33 44, 35 52.39 49. 86 50. 36 52. 90
A KR % 0.48 0.55 0.61 0.56 0. 64 0.75 0.73 0.76
MR 3R/ % 39. 93 39.93 40. 52 41.53 47.00 48.00 49. 00 50. 00
IKIBEIR K kR =/ % 30. 30 18. 20 15. 20 25. 40 63. 40 72. 20 72. 20 70. 70
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Fig. 1 The evaluation system of ANP-based water resources safety

ZEE PR UL R AT i I L M K
XA IHEARAFT 70 25 R T I PAT A5 b 1 B[R]

+ 90 ¢« KXKRFR

e i B i N ST LT R )
HiFE . 50905k A Super Decisions 3153 %8 by
AT — B . kg ok %4 B R
TCR A FIWTHERE . W3 3,

R3 “BkRE B TITRAFIMER

Tab. 3 Element group judgment matrix under
"Water Supply Safety B1"

HEN By Cn Cr Cis Cu WE W
Cn 1 2 1 2 0.330 1
Ci2 1/2 1 1/3 2 0.206 8
Cis 1 3 1 1 0. 288 3
Cuy 2 1/2 1 1 0.174 8
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Tab. 4 Weights of water resources safety evaluation indicators

HirZ N2 — A 8152 TR LEAANE
AR B (Cin) 0.3850 0.134 8
KB (Cr2) 0.228 9 0.080 1
HEK 24 (B 0.390 5 7 k%ﬁ e
IKFEFERHZ(Crs) 0.212 0 0.074 2
R K FF AR R EE (Cud 0.174 1 0. 060 9
NHEEE(Co) 0.415 6 0.087 7
L (By) 0.138 1 WAL (Ca) 0.3191 0.067 3
KWL AHIFK R (Cas) 0. 265 3 0. 056 0
LEETHN (A — :
J7 76 GDP /K& (Cs1) 0.393 7 0.099 7
U4 (Bs) 0.276 1 Tl K Z(Cs2) 0.259 1 0. 066 2
WK (Ca) 0.347 1 0.088 2
HEBHKECD 0.4515 0.082 7
BB E 4 (By) 0.195 3 T 5% (C) 0.2311 0.042 3
KR XK 5 pR# (Ca) 0.317 4 0.059 9
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2.17391.304 3 0.869 6 0.434 8 0.217 4 1. 421 3
1.477 31.250 0 1.022 7 0.795 5 0.454 5 1. 488 4
0.3614 0.602 4 0.903 6 1.325 3 1.807 2 0.509 0
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Tab. 5 Weights and correlations of criterion layer in water resources safety evaluation model

T2 E 1 I I v Vv

HErk 242 (Br) 0.390 5 0.711 8 0.862 9 0.602 3 0.457 3 0.375 8
#o e 4(By) 0.138 1 0.6855 0.849 0 0.929 5 0.747 3 0.599 4
G54 (By) 0.276 1 0. 605 7 0.848 1 0.745 4 0.549 4 0.416 7
SR 4 (B 0.195 3 0.508 8 0.688 8 0.964 6 0.655 9 0.488 5

F6 2008—2015 FRMAKREREEEITNER
Tab. 6 Comprehensive evaluation classifications of water resources

safely in Guizhou Province from 2008 to 2015

AR 2008 2009 2010 2011 2012 2013 2014 2015
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Fig. 2 Annual variability of water resources security conditions
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