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Water resources security state of Hunan Province during 2007-2015 and the short board factors
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Abstract: First, based on the connotation of water resources security, we built an evaluation index system for water resources se
curity of Hunan province, and determined the water resources security state during 2007 2015 with the integral index of water
resources security. Second, we built a multr bucket model for the evaluation system based on the short board factors theory, and
measured the length difference betw een bucket staves (indexes) with the "equilibrium degree" index. The indexes were divided
into dominant fact ors, restrictive factors, and short board factors. Then we compared and analyzed the status quo and develop
ment trend of water resources security of Hunan province from longitudinal ( interannual) and lateral ( index based) perspec
tives. T he results indicated: (1) The water resources security system of Hunan province was in a somewhat unsafe state in
2011, and was in a somew hat safe state in 2015, and was in a critically safe state in the other years. The water resources security
of Hunan province during 2007 2015 was in a severe situation in the earlier stage and it eased up in the later stage. (2) We drew
a short board factors diagram of water resources security of Hunan province, and found that the main short board factors were
severe flood control situation, large amounts of waste water and organic pollutants emissions, and large consum ption of water for
industrial, agricultural, and domestic use.
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Tab.1 Evaluation index system for water resources security in Hunan province and indexes values

Ekgﬁéifi faks 2 2007 2008 2009 2010 2011 2012 2013 2014 2015 ;gﬁi
R KBIRE X /14 m3 1419.3 1593.1 1393.8 1899.0 1121.0 1981.0 1574.0 1792.0 1912.0 +
ok R KB IRE X/ 42 m? 350.4 386.2 351.7 430.0 279.9 410.3 382.1 426.2 425.5 +
w4 HOKEE X3/ 12 m? 324.3  323.6 322.3 325.2 326.5 328.8 332.48 332.41 330.41 +
(L)ﬁm%XA%) 44.2  41.9 445 42,9 419 4.8  41.1  42.0  40.7 -
FAKE J % X5 (%) 93.7 94.6 94.8  95.2 95.7 %. 4 96.9 97.1  97.3  +
KBRF O MK LE X6(%) 71.5 73. 4 75.9 711 94 %.5 98.2 97.7  98.0  +
KIE THKAEHEE X4 (%) 49.8 530 59.2 750 82.8 &.8 88.36 89.52 92.7 +
t%; K HEBUS B X g/ 12t 25.21 25.03 26.03 26.81 27.90 30.40 30.72 31.00 31.41 -
(Zy) COD HEfHE X of Jit 90.36  88.45 84.84 79.81 130.51 126.33 124.90 122.90 120.77 -
;J; S EHETCE X of Jit 9. 14 8.47 8.40  7.53 16.50 16.13 15.77 15.44 1511 -
J;F;“ it BRLIEEKE X1/ 12 m3 194.9  225.2  177.4 221.8 165.7 232.3 206.1 217.7 245.6 +
4 7 PRS2 R X 12/ 103 hm? 1173.34 5435.00 1079.75 2011.33 689.50 1064.39 634.18 1041.13 757.40 -
(% G R X 13/ 103 hm? 1416. 54 9108.00 1043.67 407.30 1977.39 0.23 2165.15 0 0 -
KA KEFEFHZE X 14(%) 19.2 19.2 19.1 19.3 19. 4 9.5 19.7 19.7 19.6  +
Zﬁi A EHBEHKE X 15/ 12 m3 3.21 3.35 3.46  3.20 2.55 248 2.87 2.68 2.7 -
(Zy) W EFE X6/ it 170.09 178.59 188.59 198.89 200.02 220.08 233.91 247.96 261.32 +
T AN KR X9/ 12 m3 276.45 281.03 278.65 281.15 284.79 286  287.98 287.94 285.47 -
e ABIHKE X s/ m?3 476 473 467 495 495 495 497 493 487 -
i;i Ji7G GDP HI/K%& X o/ m? 355 285 249 204 166 148 136 123 114 -
(Zs) A3 GDP X0/ JG 14492 17521 20428 24719 29880 33480 36763 40271 42754  +
IKFIRRFEN TN E X 5 ( %) 8.2 8.6 10.3  10.41 10.06 10.27 11.42 12.44 13.64 +
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Tab.2 Discriminating standard for short board

factors of water resources security

1
Fig. 1

Buckets model of water resources security
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Tab.3 Index weight matrix of water resources security in Hunan province
EiFL Y= 2007 2008 2009 2010 2011 2012 2013 2014 2015

R KRS X 1/ 14 m3 0.0110  0.0174  0.0101  0.0287  0.0000  0.0317  0.0167  0.0247  0.0292

LR KRR X o 14 m® 0.0120  0.0181 0.0122  0.0256  0.0000 0.0222  0.0174  0.0249  0.0248

K S X3/ 2 m3 0.0099  0.0064  0.0000 0.0143  0.0208 0.0321  0.0503  0.0500  0.0401

FEIKR X y(%) 0.0030  0.0260  0.0000 0.0160  0.0260  0.0270  0.0340  0.0250  0.0380

FHIKY K% X 5(%) 0.0000  0.0090  0.0110  0.0151  0.0201  0.0271  0.0321  0.0341  0.0361

KA T O KL X6 (%) 0.0000  0.0041  0.0095 0.0120 0.0483  0.0516  0.0574  0.0563  0.0569

V5 KA B X 7( %) 0.0000  0.0034  0.0098 0.0264  0.0346  0.0377  0.0404  0.0416  0.0449

JRKHEUEE X o/ 12t 0.0618 0.0636  0.0536  0.0458  0.0350 0.0101 0.0069  0.0041  0.0000

COD HEJBE Xof Jit 0.0564  0.0591  0.0641  0.0712  0.0000  0.0059  0.0079  0.0107  0.0137

RHAE X0/ ST t 0.0679  0.0741 0.0747  0.0828  0.0000 0.0034  0.0067 0.0098 0.0128

BRKIEEKE X /12 m3 0.0130  0.0265  0.0052  0.0250  0.0000 0.0297  0.0180  0.0232  0.0356

PEUC 2 KA X 1/ 103 hm2 0.0179  0.0000  0.0183  0.0144  0.0200 0.0184  0.0202  0.0185  0.0197

R Z R X 13/ 10° hm? 0.0172  0.0000 0.0180  0.0194  0.0159 0.0203  0.0155  0.0203  0.0203

IKEIEFIFHZE X 14 (%) 0.0079  0.0079  0.0000 0.0157  0.0236  0.0315  0.0472  0.0472  0.0393

HEBRBERKE X 5/10 m3 0.0119  0.0053  0.0000 0.0124  0.0435 0.0468  0.0282  0.0373  0.0363

WY S X e/ STt 0.0000 0.0048  0.0103 0.0161  0.0167 0.0279  0.0357  0.0435  0.0510

TANFKEE X /14 m3 0.0673  0.0405  0.0544  0.0398  0.0186 0.0116  0.0000  0.0002  0.0146

ANYIHIKE X 19/ m? 0.0622  0.0711  0.0889  0.0059  0.0059  0.0059  0.0000 0.0119  0.0296

Ji76 GDP /K X 19/ m3 0.0000  0.0086  0.0130  0.0185  0.0232  0.0254  0.0269  0.0284  0.0295

AN GDP X o0/ J0 0.0000  0.0049  0.0097 0.0167  0.0251  0.0310  0.0364  0.0421  0.0462

KRB SN E X (%) 0.0000  0.0033  0.0175  0.0184  0.0155 0.0173  0.0268  0.0353  0.0454
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Tab.4 Index equilibrium degree matrix

Eizg = 2007 2008 2009 2010 2011 2012 013 2014 2015

Hh K BEUREE X 1/ 42 m3 0.8378  0.7651  0.8870  0.7041  0.9993  0.4129  0.7095  0.5629  0.4870
R K BEVREE X o/ {4 m3 0.8231  0.7559  0.8627  0.7450  0.9993  0.6107  0.6975  0.5602  0.5642
MK B X5/42 m3 0.8543  0.9134  1.0000 0.8911  0.5700  0.4047  0.1238  0.1132  0.2956
FEKER Xo(%) 0.9556  0.6488  1.0000  0.8691  0.4608  0.5104  0.4073  0.5580  0.3313
FHKE K2 Xs(%) 0.9999  0.8782  0.8760  0.8817  0.5841  0.5090  0.4409  0.3957  0.3649
IKIFR T 0 KL X6 (%) 0.9999  0.9450  0.8939  0.9210  0.0000  0.0000  0.0000  0.0000  0.0000
TGKALFREE X 5( %) 0.9999  0.9549  0.8894  0.7341  0.2842  0.2886  0.2966  0.2622  0.2102
JEKHERUAE X of 14t 0.0902  0.1421  0.3971  0.4811  0.2757 0.8628  0.8809  0.9316  0.9995
COD HEE: Xof Jit 0.1698  0.2031  0.2788  0.1512  0.9993  0.9499  0.8635  0.8139  0.7593
RRHEBCRE X o/ Ji t 0.0000  0.0000  0.1593  0.0000  0.9993  1.0000  0.8833  0.8300  0.7742
BRTAEEKE X y/ 12 m? 0.8082  0.6421  0.9415 0.7521  0.9993  0.4551  0.6867  0.5909  0.3738
B9 B TR X 12/ 103 hm2 0.7356  1.0000  0.7939  0.8899  0.5859  0.6895  0.6483  0.6744  0.6535
B 52 9 HAR X 3/ 103 hm 2 0.7468  1.0000  0.7975  0.8246  0.6697  0.6492  0.7303  0.6414  0.6421
IKBEVERI R X (%) 0.8840  0.8939  1.0000 0.8728  0.5111  0.4183  0.1779  0.1624  0.3086
AEWEHKE X 5/ m? 0.8239  0.9291  1.0000 0.9158  0.0994  0.0988  0.5091  0.3393  0.3614
Ol A 5 X6/ Tt 0.9999  0.9360  0.8839  0.8681  0.6532 0.4914  0.3788  0.2279  0.1038
T A FI RSB X /42 md 0.0092  0.4528  0.3877  0.5590  0.6142  0.8319  1.0000  1.0000  0.7423
NHHIKE X g/ m? 0.0837  0.0404  0.0000 1.0000  0.8767  0.9488  1.0000  0.7931  0.4791
Ji 76 GDP HI/KE X 9/ m? 0.9999  0.8843  0.8540  0.8366  0.5199  0.5447  0.5326  0.4970  0.4805
A GDP X5/ 76 0.9999  0.9333  0.8911  0.8601  0.4791  0.4274  0.3663  0.2530 0. 1883
IKFIFFAR PN 5 B EAE Xa21(%)  0.9999  0.9551  0.8032  0.8378  0.6785 0.7134  0.5327  0.3738  0.2028
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Fig.2 Shortboard factors of water resources security

in Hunan province
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