EURVEE I
2018 4F 4 H

+ F S
CARSOLOGICA ~ SINICA

Vol. 37 No. 2
Apr. 2018

XU T B, A% T AT L 8 — 5, A ST ARl DX K B TR 2 A T A R A el T R T < A S A S ) ). T R AL 2018,37(2) :203-210.

DOTI:10. 11932 /karst20180206

EHTHF Xk R R 2N EEHERE N
LB b

XA HEFESR LG EE L EAR
(. FRRBRFAHEFR, TR 400074; 2. TR IHRFHF L %I FE, TR 4000675
JLERRBRFERLMTAX F R, K 400074)

OBV T R IR F E T AR K R A B A T AR X KR & e A 1AL, DA AR A e IX R
MEAB AT EFHEREAFRLEFNHETER EFE SN FNHEME S NS B o A
ExERMAE 9AM(HI2005—2014 FAFRLZLHFTEZEFN EREXNA AW BAT HEHEAFREZ
SRTREFR. B BE T BEMAT —AFR LM N E KL T Z%%;2005—2014 5,5 M4 K
KRREAMHBE ML T —REL ERARFRLZL2EA LAWY IRXHTRMNELERFTEENLEASH

RRPEEER,

HMELSHEGEFRET B ME L FNEZEELH T EARRERLLERGEE,A

BFELEM EEF LR EEH RN ESRANHEMLIALA.

REBBIR F AR N AR IR A AL B A F
X EHS:1001—4810(2018)02—0203—08

FRESERS TV213. 4 X ERARIRES : A

0 35

il 1

K BE PR A g 20 DR [ Pt o 2 i — A
HME AR e WA LEMERLE . 2N
Rt A fn) il 2z — IR A 2 A AN R Tz R
. KR ZeS T a5l kiEZ ARURMEST
FERY AL AL  WF TR BE IR 22 A DU XS T 1 A X el A 25 35
B R LA R A i T RS A R A A AR .

2000 4F DLk, i [ 2% 35 XK B IR R A i L
0 VA B R 0 7 3k AT TS, K B IR A Y
PR BRI A T A 5 T IR E . HAT.
JK R 2% A [ RELT 5 32 R DL X (ol 3 30 #F 5
s B R A R BT IR R A B 45 B R R O
FUT ORI 2 SRS T LS BURIE A

T N P DI D W &) 1 e g ]
g R A L A TR K2 E T
FRFIA A B DX, X R S0 A e XK B 2 4 R B4 B
FILE D,

F ] VS g e A0 A L X R AR AR AR G R TR
BEUR A XL (H R K B IR e R K BRI R B
BT R BRI Y OO0 K S5 K AR G AR S M o B L
FEL O TR 1 b ST PR A5 RN S0 S 1 5 L
SR st X f A T e AR B OCE KRR UL L
BRAEICE o v I P R AR A I ST R L XK B 2 e
2857 B 45 Pl N 2= 1R BROK LS S R B A R
KI5 G A BT o K R R R R b DX AR S P BRI
I 2BF R T BR T IN A BE PR R . BN A
WriRr B A5 R 2 R A S 2 B e R

PREhE  E R B S R H (2014BAB03B0L) 5 [H{ K AL B Ik 4 5 A % B H (16FJY010) ; 5 K 17 56 A B 2% 5 A v BOR BF 5 A
(este2017jeyiAX0210) 5 B3 RL 5 M 45 5 KN A 3Rl R (B RHS 1Z 57[201471200206) 5 52 BE TR K2 2015 4R RRHIFI H (670101577)

5B — AR R R MR (1982 —) , Lo PRV, - 0 9 A L R 5 07 1) K B8R 5 T R7 22 & B . E-mail : lly@ctbu. edu. cn,

WEEE HEHA972—) B LR 802 A T B 5 0 T K A AR M BR AL A 5 R BE b BR Ak 2 L A TR TS Y IR BT AU

5B . E-mail: qwyang2001(@163. com,
Weds A #1.2017—02—08



204

2

2018 4E

HOAK G UG 2 A5 Dl A 3 1

AR 3L DAY e 3R L DX SR A R A ST 4L 3T
BMAE 2005 —2014 4F [A] 9 S8 T FEHE - MK B3 R 1
V7 e o S R 20 - S NI S o o B Nyl Tl
K R — A R X T T S e B N 48 SR b XK
TR % 4 AR AR K FR L I3 FH IR AU 5 BRI B2 25 5 0T
W A4S B 1 7 2 6T Bt A8 AN ] XS FN AN [R) 48 473 119 4L
P AT AT, B TEHET BN B KR IR % e s
JEa) VS Ji) 09 3 A3 R O 41 S B0 S R AT A K 9 U 4 4
A5 BT it o LAY Ry 0 32 X A 7K % R 22 4 R AR R 2
WA

1 MREXER
NG R ST R 176 167 km? . 2 i

TR 1L 8%, T EmR, FHER S
B 1100 m, EHrEE I AR 2 S 109 084 km?, 2 5 4

BT A 61. 9% . BN A5 W R b SR o A AE R
Sz R Z 125 S L T8 T R T A
ARG, wMEZEFYEARKEN 1 100~1 300
mm., 4F FH7K N 100 42 m® 2247 AMb FH /K B 4 L
R4 B RHKER 50% ., A BHE KR,
HALE 1%,

2 HBERESHRAE

2.1 MEBHSFHXKZEZETEMNIERER

AT 5 I8 0 07 e b X M S AR S KR IR LA UF
FRE 25 0 R IR M, PE % BE AR K BE I 2 2 TR L K g
RS SR T R A 2 ARG AR LR G AT
LU0 Ry B A P 5 D D, E 27 ] A A DG A 9 R
B FERl b L 25 A IH I T PR W T b XK 5% R 22
A 14 AR (B D

W ST DX K B8 U5 22 A VE A 4 b A 2R (A)

_—

K BRI B 22 4 g bR (B1)

KGR PFAL 45 2 A b (B2)

KRR 2 G A AR AR (Ba) | | KR U A 2 2 A HR AR (Ba)

AN

AN

K A Hhy *® I £ A A B & [ izl 4 K
Bt 5] N = K B m] ¥ i N4 N4 B = +
U K 7K iy F (e & it} G HE H il H Uit
H 7t It K # d JE T D S K i K FS
ol wm || &[] F]|G CRICHIEE P mol| % | % || m
w |l w || A & | T T N S o Co || Cu || M
CRICRIRIRIE G Al x| T | e

& H H @0 .

&% T C E] |

o || - -

2 @

1 B XKERREFENIBIRER
Fig. 1 Evaluation index system of water resources security in karst area
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Table 1 Evaluation level of water resources security in karst area of Guizhou Province

iR A P HE A It R — i % e 2
KGEWRAHZ/ % >80 80~55 55~30 30~5 <5
AF KGR/ m® >10 000 10 000~1 700 1 700~1 000 1 000~500 <500
7K B IE AL K
 WTFKIFERFAHRE/ % <0.2 0.2~1.8 1.8~3.4 3.4~5.0 >5.0
L AETEHR
F )2 KT R AR/ % <3 3~8 8~13 13~18 >18
FEIKAEL ) Y =65 65~50 50~35 356~20 <20
IRFLR/ Y <10 10~35 35~60 60~85 =85
KB WAE 2
X o ANHE#EE/A <« km? <25 25~100 100~500 500~1 000 >1 000
LR
AN B 2 /kg =500 500~60 360~220 220~80 <80
B GDP K& /m® « Jit ! <40 40~340 340~680 680~930 =930
KGR 2 " )
X  REB KR/ % <20 20~40 40~60 60~80 >80
LA PE bR
Tk AR/ % <10 10~30 30~50 50~70 =70
HWERR/ % >80 80~60 60~40 10~20 <20
IR IR A 2 )
o EEHKR/Y% >1.6 1.6~1.2 1.2~0.8 0.8~0.3 <0.3
LR
KETKREB R/ % <15 15~30 30~45 45~60 =60

F2 mMAEHERKFRREZEITNEREE (2014 £)

Table 2 Spatial evaluation index data of water resources security in karst area of Guizhou Province(2014)

Hb X
L7
5t fA b 5Y4 E:q ] IR A~ By ALK BV
KGR AFE/ % 31.15 15. 74 31.17 7.97 6. 84 7.51 11.32 25.76 11.74
AR G IR/ m® 743.00 1965.97 1093.33 3755.49 4970.37 3012.63 1572.16 1001.91 2133.76
Hb R AR IF &R R/ % 0. 66 1.72 0.23 3. 44 3.12 0. 90 3. 00 0. 35 1.57
FZHKIFRF AR/ % 3.27 6.42 3.39 12. 68 14. 81 13. 89 8.92 4.09 8. 66
PR % 41.79 39. 26 27. 14 46. 38 57.07 51.94 38. 28 29.05 35. 84
WA/ % 72.00 12.42 39. 50 39. 92 33.00 17.35 31.67 45.00 32.00
NE#ERE/N « km 2 562. 85 199. 68 248. 25 123.51 114. 82 172. 42 243. 48 289. 94 167.95
AN i kg 95. 67 422.91 274. 42 365. 26 315. 87 377.90 348. 74 281. 44 325. 28
Hf; GDP K& /m® « 7ot ! 50. 16 119. 91 182. 68 149. 95 202. 34 131.16 111.72 84.12 126. 50
Al VTR FH K R/ % 27.25 66. 23 56. 25 57.23 69.70 58.55 25.52 24. 39 47.10
Tk KR/ % 43.12 14. 31 28.19 24,17 14. 51 19. 80 48.02 56. 60 33.10
MERE/ % 44. 20 51.24 42. 00 53. 50 63. 44 54. 94 44. 06 45. 30 45.70
HEBRKE/ % 1.34 0.95 0.38 0.62 0.51 0.71 0.77 0.54 0.42
KWK ER R/ % 27.92 31. 62 30.91 24. 98 17.79 37.91 43.46 42.92 34.18
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T3 SN A T X K B TR R £ B R AN 5 AR B (2005 —2014 )

Table 3 Time evaluation index data of water resources security in karst area of Guizhou Province(2005—2014)

PN R IR 2005 4F 2006 4E 2007 4F 2008 4F 2009 4E 2010 4F 2011 4F 2012 4F 2013 4F 2014 4F
KBEWA /% 11. 60 12. 30 9.29 8. 90 9.50 8. 90 15. 20 9.40 12.10 7.85
AR B/ m® 2 555.00 2 059.00 2 649.00 2 826.00 2 226,00 2 283.00 1 806.00 2 796.00 2 168.00 3 458.00

R K IF BRI R R/ % 3.18 3.12 2.39 2.98 2. 80 2. 86 0.51 0.43 0.81 0.95
RZWIKIFRMARREE/ % 8.66 11.31 8. 66 8. 20 10. 23 9. 80 14.74 9.11 11.85 7.49
PR % 56. 25 46. 24 59. 86 64.78 51.68 54. 30 35.55 55.29 43.11 68. 86
WA/ % 26. 87 27. 42 28. 20 29.11 30. 00 33.81 35. 00 36. 50 37.80 40. 01
ANBAERE/N « km ™2 223.15  224.41 225.97 229.27 232.19 237.79  240.00 241.45 243.53  245.76
AEHE 7 i/ kg 308.86  281.30 303.10  322.02 330.30 319.71 252.78 309.93 294.11  324.54

B, GDP K& /m® « Tt ! 509.00  442.00  339.90  286.11  256.55  220.44 167.00 135.00 115.00  103.00

AN HEWE FH K/ Yo 54. 80 54.10 49. 24 50. 20 50. 10 49. 30 44. 40 52. 40 49. 90 50. 40
Tl HKE/% 28. 60 27.30 32.43 33.10 34.00 38. 80 42.20 27.30 29. 40 29.00
Mg EER/ % 34.93 39.93 39.93 39.93 39.93 40. 52 41.53 47.00 48. 00 49. 00
ERHKE/ % 0. 40 0.70 0.57 0.49 0.55 0. 60 0. 60 0. 60 0.70 0.73

KEFARE LR/ % 41. 54 41. 54 41. 54 41. 54 41. 54 31.37 31.37 31.37 29.23 29. 23
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Table 4 Evaluation index weight value of water resources

security in karst area of Guizhou Province
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C 0.124 9
Co 0.099 0

KRR K 2 4 4R bR Cy 0.070 4 0.434 4
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Cs 0.033 0
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Fig. 2 Comprehensive evaluation of water resources security in

different regions of Guizhou Province in 2014
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Table 5 Comprehensive evaluation results of water

resources security of Guizhou Province

O U KLU — 7%=
2005 0.000 0
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Fig. 3 Evaluation results of water resources security

in Guizhou Province from 2005 to 2014
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Construction and application of water resource security evaluation model

in karst area: A case study of Guizhou Province

LIU Liying"?, YANG Qingwei' ,ZENG Yixiao’ , HE Xiujuan®, GUAN Dongjie’
(1. College of River and Ocean Engineering » Chongqing Jiaotong University, Chongging 400074 ,China;
2. College of Mathematics and Statistics » Chongqing Technology and Business University s Chongging 400067 ,China;

3. College of Architecture and Urban Planning » Chongqing Jiaotong University , Chongqing 400074, China)

Abstract Karst area is rich in water resources in the traditional sense. However, the surface water resources
are deficient, and the groundwater resources are abundant, which forms a binary relation in water structure
system. So the ecological status of this area is extremely important. The karst landform is widely distributed
in Guizhou. With the rapid development of social economy, the situation of water resources security has at-
tracted much attention. In order to analyze the current situation of water resources security in karst area,
this study takes the typical karst area Guizhou Province as the research object. Fourteen indexes were select-
ed from four aspects, including water supply. society, economy and ecology. to establish the evaluation in-
dex system of water resources security. Meanwhile, the entropy weight method and fuzzy mathematics com-
prehensive evaluation model were combined to perform quantitative evaluation of this study, so as to evaluate
the water resources security of Guizhou Province in the 9 cities and in each year from 2005 to 2014.

According to the results, Guiyang, Qiandongnan, and Tongren were in good level, Zunyi, Qiannan, Bi-
jie and Qianxi’nan were in the general level, Anshun and Liupanshui were in a poor level. In the past year
from 2005 to 2014, the security of water resources in Guizhou Province is relatively stable, all in the general
level, but it was on the rise. This is due to the correct development ideas in recent years in Guizhou Prov-
ince, the government has realize the importance of sustainable development of the water resources, and be-
gan to strengthen the scientific management of water resources. During this period, the government has atta-
ched great importance to ecological protection, and has put the coordination of economic growth, population,
resources and environment in a prominent strategic position. In addition, the improvement of urban sewage
treatment capacity and enterprise waste water discharge standards also played an important role in the change
of water resources security.

However, the water resources security in Guizhou is at a general level, and has a great development po-
tential. Overall, the current situation for water resources in Guizhou is in a non-equilibrium fluctuating state
under the pressures of economic development and human disturbance. With the contradiction between eco-
logical environment and economic development intensified, Guizhou Province should focus on the water envi-
ronment safety management, adjust the industrial structure so as to make the economic and social benefits
become a supplement of ecological benefits.

Key words karst, Guizhou Province, water resources security, entropy weight method, fuzzy mathematics
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