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Fig. 1 Evaluation model framework of water resource safety
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Table 1 Evaluation index system of water resource security in karst areas
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Table 2 Grade classification standard of water resource security evaluation index
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Table 3 Link degrees of water resource security levels of Gui-

zhou Province from 2001 to 2015

G 5 Ja Ji fi EERER
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2014 0.677 0.073 0.077 0.104 0.069 44
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122 3 0 41, 5tJH 48 2008 2 2010 4F LS 7K % 8
AbF 3 AR L b AR YA I A 45
G, W B R, BN 7K B8 IR A5 G 0E 7 ) 0 2 4 5%
Ko kR, H BT RE H2 5 H3 Z A [ 22 15 IE A
BRI X R SN FE K TR 5K TR oK
TR AR FH VE TR S5 /K R 1 it 1 7 AN T 8 35 , 7RIk B
T LA B K B R A B AR Tl K B AR A T v A A
AW o T 7E 2008-2009 5t M 47 K 95 5 28 4 25 4
FH 3 2 A M I 28 4 X — 7 TS PRk SR 4
IRV ST I R Ay & e D) | NS B D INER B2 4]
IR AR A K R B T i, T S Y SRR R A 2009 FF
T IR B TR HRZE 3] 2011 4F , Hid 2009 4E K K A
AR 1673 42 m’*, MK B b, T Btk BE
TR R E . {H 2010-2011 4F 7K %5 P 22 4> i ifs 42
& b I N B A G, 2 P R 1] 5 N 48 i

A% K M it A A, B A I R 2 HE A O A B
WOK AR 2 BOK TR, Bt e 1T BUKBET)  fE—
SERRSE I ORBe 1K BEIR 2 4

N AN i

A TEAN T D0 8 A S5 G R 5, T 45 1 S
4 2001-2015 47K 55 IR 2 4 v 5 R 52 TR &R &2 40k
AL, MR 3 A 2 v A1, B4 20012015 4F
KGR 2 4 S 2 32 B ph K TR AT IR B
AR AR GEWE AN FH AR Ko RS H A5 2T f,
Fon S5 B TIIR 55 G 056 3R B8 R 1, R 1) o A IR R
JE DK 5 5 4 4 A G vy, S =2 DURRAER , 7K R
A ERAL . 2001 4 LUK, B 48 7K B R A A 2
EL AN o e N e P 3 A N o | K
AN G (B O D Horp IACIR B KRR
FIHRCR KRS FLX LR B MARZ 4 BR
YA U A TR AR A i

T 2t % 55 M 48 2001-2015 4F K % 5 42 1R 48
PR 28 45 H8 A 0 7 A7 AR ARG D B X 7K 9% R 4 4
BRI TTHRE S K IR e EE N T F

(1) M 7K %8 P50 A7 (&l 2a) 2k &, 2005, 2006,
2009 2013 4F b T AN 2559, 201 1 AR K 75 R b XK
B BEK D, TR R K IR D, S iE— &b T4
NG TFEG A AR A A4 TG P& 2559
IK G IRAFE B 5 e R R 7T 23 2 s e BEKARRAE , 5%
A8 B T AR R 2 R, ZRE A B W A
Wi, ZAE TR KBk 1951 14w’ (B ILREK I i 25
A S g, SN BEK Z e 6-9 A4, W
HR] T, W K 2 AR S M S B P B M 0. 733 (]
3a) ;b. KIEFRAE , 5 2009 F12011 4E 2 Fa g K 25
M), 5% 40 45 M 2% | b T 7K 9 R B TR AR BRI AT , AR AR
Oy b 3% T KO0 TR A B A D Bl (ELR AR T AR
. BMEZ AR, K FB™E, #H55
Hiy e 7K G I Pl B PR KR SRR AT, O
PP BRBEZA T 0. 45~0. 55 Z 4], M AR 800,
H R 7K IR (IR 5] 252 /2 m* (B 3b) .

(2) WHBEACIR L (I 2b) K 75, 2001-2007 4FEH , Bk
2003 F12004 - 4b F A% 42559 o, H AR B4k F
I L2 42 2, 2008 4F LU YA T35 2 4 55 9%, AR
LR BT K 3By R KR K A
H T K VR ALK Bl KRR HE B R, R AR 3
, F iR R R K, By 1 R R K A R B
Bk, 0l R b R e, 7™ B 3 2 s el LML T T R L 3

2.3.2



852 A 2019 4F

68 a. YRR 1o b JHAHR L
. 09
038
06
07
0.5 06
04 05
03 0.4
s 03
02
0.1
0.1
0 0

2001 2004 2007 2010 2013 2001 2004 2007 2010 2013

0.9 c. HEACIR L 0.9 d. AR BRIEA I 2
0.8 0.8
0.7 0.7
0.6 0.6
0.5 0.5
0.4 0.4
03 0.3
0.2 0.2
0.1 0.1
0 0
2001 2004 2007 2010 2013 2001 2004 2007 2010 2013

e. KB B

0.7 —e—11
0.6
05 —m— 2
0.4

—A—f3
0.3
0.2 ——fa
0.1
0 —e—f5

2001 2004 2007 2010 2013

B2 MBS R R
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Fig. 5 Variation of every index of water use status

(5) MK %3 4% B (8] 2¢) R &, 2001-2003 4F 4b
T WA 42 42 25 9, 2004-2006 4EA4b T AN 42 4R 2,
2007 4 LU B A AR (R EUL F e AL 4R A A
K b ) i 2407 ) KR . 2001-2015 4, 5t 44 18 i
s vE K B AR 0 TG K AL B 3% $E v B T
90% , I8/ T KI5 Y%  PREE T IK B2 42 5 53 AR AR AR
AR B I B ARSERE I, S T AR R R T

AT AL FRARTE 55 M 30. 8% M AN E T 50%; 4175
LR 18. 8% FFEE] T 8. 6%, 1/ 15 1 M F fif Kk Bt
F1 3 N VB LA AEFEAE 210 pokm ™, B P ROBCHLIG AT
TR s {H T TT GDP 5 G Wi HE S ARk sh sk, i &
K2 75 78 GDP {5 QWi 3 15 GDP 4 4 3 i i
Wy B0 B e, 2001-2015 4F 30 45 5 4% 70 5 14
S IEAH, F B GDP 8 B 3 Vs Y W HE G B T



H38 % 46

KT AT « TR X 3 Tk A s U7 b DX K 9 D502 4 Bl 25722 £ B D I 43

855

1000
800
600
400
200

0

2001 2003 2005 2007

—8— JjJCGDPHI/KE ('« /376 D

140

110

50

2009 2011 2013 2015

—a— RHFERE KR Gf « B

—O— AW HKE [Le (A -HD ']
BElo kTR AR EEERELFHE

Fig. 6  Variation of every index of water resource utilization efficiency
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Fig. 7  Variation of every index of water resource management
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Analysis of dynamic change and reason of water resource security in karst
areas using the set pair method: An example of Guizhou Province

ZHENG Qunwei', SU Weici'?, YANG Zhenhua®, ZHOU Feng'

(1. Geography and Tourism College of Chongqing Normal University, Chongging 400047, China; 2. Institute of Mountain Resources of

Guizhou Academy of Sciences, Guiyang, Guizhou 550001, China)

Abstract According to the features of hydrology and water resource in karst areas of southwestern China, an in-
dex system of evaluating water resource security is established involving five parts, water resource occurrence, wa-
ter supply quo, water consumption situation, water resource utilization efficiency, and water resource manage-
ment. With the SPA (set pair analysis) , this paper dynamically evaluates the water resource security status of Gui-
zhou Province from 2001 to 2015. The results show that the water resource in Guizhou Province from 2001 to
2007 was in a critical state, while from 2008 to 2015 it was generally safe and relatively safe (except 2009 a
draught year). In terms of the change of five factors effecting water resource security, the water resource location
depends on the natural environmental factors remarkably, so the H2 value was relatively instable; water supply
status was influenced by water conservancy project construction, so the H2 value from 2001 to 2015 rose from
0.53 t0 0.90; for water consumption status, as water consumption in production and ecological environmental pur-
pose raised, H3 value declined from 0.87 in 2001 to 0.20 in 2015. In terms of water resource efficiency, it was
drew down largely by the water using in Wanyuan GDP and farm land average irrigation, so the H2 value grew
from 0.26 in 2001 to 0.88 in 2015, turning into secure and relatively secure ranks obviously. The water resource
management was under the impact of increasing municipal sewage treatment rate and raising forest coverage rate,
so the H2 value went up from 0.09 in 2001 to 0.58 in 2015, improving the original extremely unsecure rank into
critical secure rank. But for some aspects, such as Wanyuan GDP pollution abatement rate, they still have a long
way to go; the aspects of water supply, resource utilized efficiency, and resource management all indicate that hu-

man behavior has great influence on the water resource security.

Key words set pair analysis, karst area, water resource security
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