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Regional water ecological security evaluation based on SENCE conceptual

framework-taking 17 flow sections in Gansu province as an example
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Abstract; As a crucial factor of ecological environment, water ecological security pattern is a key component of ecological
security pattern. Scientifically evaluating water ecological security situation, carrying out ecosystem management and
protection have great significance to promote economic and social development. Taking 17 flow sections of Gansu province as
the research object, the initial water ecological security evaluation index system was constructed based on the social-
economic-compound ecological system (SENCE) concept, The system contains 33 indicators and is divided into four parts
of economic development, social progress, natural resources, ecological environment. Combining fuzzy system analysis and
improved niche theory, the initial water ecological security evaluation index system was optimized and the final optimized
water ecological security evaluation index system consisted of 28 indicators. By the optimized index system to fuzzy
comprehensive evaluation the water ecological security situation of the 17 flow sections in Gansu province from 2016 to 2018.
The results showed that the proportion of water ecological security in the 17 flow sections with good condition was 35.3% ,

41.2% , 35.3% from 2016 to 2018, respectively, the ratio of general condition was 57. 8% , 52. 0% and 46. 1% ,
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respectively , the proportion of the poor was 23.5% , 11.8% and 11.8% , respectively. The evaluation results were normally
distributed , the inter-annual variation was small and the proportion was basically stable. The cumulative weight of such
indicators as annual average precipitation, river-based flow, surface water supply, ecological environment water
consumption, and water-saving irrigation area has reached 47. 75% , These were the main factors affecting the water

ecological security.

Key Words: improving ecological niche; fuzzy comprehensive evaluation; water ecological security; Gansu basin
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Table 1 Water ecological security evaluation index system based on SENCE conceptual framework
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Table 2 Niche widths of flow segments on 33 resource axes

Buueffifﬁimng DRENT 2N 3N 4 S giﬁg ;;Si TEK 8 KEN 9 i
eI Bl 1.0000 9.9397 11.1150 1.0000 1.0000 1. 0000 1.0000 1.0000 9.9482
Resource axes B2 1.0000 14.2330 8.8119 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
B3 8. 6495 7.0969 18.1197 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
B4 1.0000 12.5780 9.7762 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000
B5 8.6300 1.0000 7.0439 1. 0000 1.0000 1. 0000 1. 0000 1.0000 1.0000
B6 8.7865 1.0000 12.4947 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
B7 1.0000 12.9321 8.8119 1.0000 1.0000 1.0000 1.0000 1.0000 7.8125
B8 8.7912 1. 0000 10. 4161 1.0000 1.0000 1.0000 1.0000 1.0000 10. 3084
B9 8.2293 8.5833 11.2789 9.4386 19. 8633 1.0000 1.0000 12.1976 10. 1627
B10 1. 0000 9.1315 1.0000 1. 0000 1.0000 1. 0000 1. 0000 1.0000 1.0000
Bl1 1.0000 10. 6294 11.2774 1.0000 1..0000 8.4994 1.0000  2972.9012 9. 6491
B12 8. 6641 8.6075 11.1105 9.3457 23.1367 1.0000 1.0000 26. 1488 8.1731
B13 16.3368 7.1427 9.3333 8.1916 16.9724 1. 0000 1.0000 16.2424 8.5377
B14 7.0540 7.0690 8.6903 8. 1857 19. 8633 1.0000 1.0000 16. 8899 8.0528
B15 7.9762 1.0000 8.3138 8.2080 17.0349 1.0000 1.0000 15.9125 8.4765
B16 7.0267 7.1877 7.4282 8.1916 19. 8927 1. 0000 1.0000 16.7678 8. 0405
B17 11.1195 8.8654 9.2430 1.0000 1.0000 9.3845 41.1483 688. 6226 8.4463
B18 1.0000 9. 8642 9. 4386 1.0000 1.0000 8.5470 1.0000  2596.7463 9. 6467
B19 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
B20 1.0000 1.0000 39. 8644 1.0000 1.0000 1.0000 41.6336 21.4906 10. 8953
B21 9. 8823 1.0000 14.2330 1.0000 1.0000 1. 0000 1.0000 33.6372 14.0575
B22 11.3067 1.0000 1.0000 1. 0000 1.0000 1. 0000 1. 0000 1.0000 1.0000
B23 10. 6027 1.0000 9.6942 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
B24 7. 6464 1.0000 10. 1973 1. 0000 1.0000 1. 0000 1. 0000 1.0000 1.0000
B25 8.8934 7.8576 8.3499 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000
B26 1.0000 9. 6890 1.0000 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000
B27 1.0000 11.8091 9. 8838 1.0000 1.0024 1.0000 1.0000 1.0000 7.9515
B28 8.7676 1.0000 8.2776 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000
B29 10.2132 1.0000 9. 8823 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
B30 1.0000 8.8785 7.9010 1.0000 1.0000 1. 0000 1.0000 1.0000 1.0000
B31 7.6980 9.6310 8.4357 1.0000 1.0000 1.0000 1.0846 1.0000 1.0000
B32 12.5530 7.9882 7.2322 1.0000 1.0000 25.6193 1.0000 1.0000 1.0000
B33 9.6271 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 24.3254 8. 8481
FH{E 6.3774 6.1428 9.4441 2.3806 4.3565 2.4561 3.4505 195. 8449 5.0305

(1) A TR RR 0 AR B T8 BE A, 38 FR B (FRIRIR) (B17 (F2/K RZ%0) BI8(F=/K %) B19(&
KA ) (B0 ( GIK ) By AR A 8 BE AR X iR, 4 R 218. 334 .60. 8046 ,191. 4819 (11.432 11.7171, FEHLI
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ARPRTE K A AR AR R R R A B 38 NP X 45 U B K A A 2 AR DL WA AN, D T
SN I AR R PR R HoRE X 5 MR AIER , th 33 S8R M oI 2 PN e AR A R LA 13 51 T
28 FEFIG BT IR BRI R (3R 1) o 20 A B, H R 3t X 4% 3L B 3 7K B 38 AR DL K P 430, 28 5 AN W
NSRRI MR AR XK AR A A RO I AR XN
3.2 MM RGN E B N T

AR 2.3 B R G AR, f A (7) WA R S8R IR (38 3 /1) , 1R BRI R K AE S 2 4 PFANY
FARIAR R AR PR A R

*3 MRUEHR 28 IFMIERINE
Table 3 The weight of the optimized 28 evaluation index

umber Weight sumber Weight mumber Weight number Weight
Cl 0.0179 C8 0.0168 C15 0.0758 €22 0.0134
Cc2 0.0090 9 0.0635 Cl16 0.0817 C23 0.0799
C3 0.0128 C10 0.0046 C17 0.0845 C24 0.0028
c4 0.0147 C11 0.0771 C18 0.0009 C25 0.0103
C5 0.0031 C12 0.0772 C19 0. 0000 C26 0.0108
C6 0.0023 C13 0.0762 C20 0.0147 27 0.0764
Cc7 0.0170 Cl4 0.0732 C21 0.0062 C28 0.0771

BOMA RS HT 45 R R bR CL1 (AR IR K ) | Cl2 (WIS &) | Cl6 (b ER/AKIRHEN &) | C17
(MK YRR i) | C23 (A8 FK i) L C28 (45 7K T Ik 1 B ) ) 8 B S ER AR G 35 K, BT A AR o A
TEMAE AR R0 47.75% , A Rgma i BOK AR AR RO 0 F 235 ] R 1, 3k J2& T [ 7K B b 3Rk B8 5 ok A 7
AT PR T B K IR RN 3N A S IR BT K, B3 T A A PR ; 45 R 1 K BB T AR A [ R U o T K AR
R, REARINHEK 323 K RCR X R K AR S 2 R B OB 2E W IRIE T RN P bn ik R G RL &M, $8 45
C5 (AR HARGER L) Co (A HIMETAN) (C18 (A HIEMBE K &) (C19 (MR M E KR ) [ C24 (L3S H]
K TR AR XS AL/ | BIHEARAGE I FE AR AR R 19 0. 91% , S5 0 T 7T b DU Sl K A 2842 4 i e
S R, X RIS e K = A3 IO — 2 SRR AR 82 R, i — 20 B0 T 38 koK B FH K
ROREXT U K AEASZ R EEAEH
3.3 BWIZEG IR - K AR A AR

HRAE 2. 4 BOZRE PR i A2 (8) THAAS B H IR Hu X 25 i B 2016—2018 4R [ /K A= 8L 2P i b
R ALHIKAE S Z 2P & Y, KA PPN & Y, .

0. 5476.,0. 5007,0. 5485,0. 6876,0. 7445 0. 8035 ,0. 8725 ,0. 7879,0. 6144.0. 7309.,0. 7312.,0. 8816,,0. 8717,,0. 8028 ,0. 7824 0. 4562 ,0.. 7998 ;
Y, = | 0.6049,0.4692,0. 6301 ,0.7289,0. 7708 0. 8228 0. 8777 ,0. 7916,,0. 6691 ,0. 7554,0. 7533 0. 8803 ,0.. 8653 ,0. 8145 ,0. 7522,,0. 4373 ,0.. 7888
L0.5949.,0. 4115,0. 5797 ,0. 6973 0. 751,0. 8049.,0. 87420 7676 ,0. 6319,0. 759,0. 7546,,0. 88040 8666,,0. 8012 ,0. 7847 0. 453 ,0. 847

0. 398,0. 3852,0. 3956,0. 5604 ,0. 5979.,0. 6144 ,0. 6275,0. 6011 ,0. 4579.,0. 5275 ,0.. 5063 ,0. 6314 ,0. 6278 ,0. 5827 ,0. 567 ,0. 3148 ,0. 6307 ;
Y, = [ 0.4361,0.3641,0.4569 0. 5828 0. 6079,0. 6203 0. 631 ,0. 6031,0. 4999 0. 5468 ,0. 5178 ,0. 6302 ,0. 6279,,0. 5842,0. 5528 ,0. 3155 ,0. 6308
0. 4284,0. 3241,0. 4241 ,0. 5681 ,0. 6012,,0. 6174,0. 6312,,0. 5957 ,0. 4728 ,0. 5529 ,0. 5206 ,0. 6298 ,0. 6278 ,0.. 5743 0. 5715 ,0. 3191 ,0. 6313

Z: [ 2016 AFAKRIFRAETBI TR A & AT A QLR AE L 2 A 5P E ARS8 /) , 2013 AR LRI 38 & A 1)
(A SRS B ARG R ) , 2% H0 AM SRR I LA 0 Wk A A5 2 R 25 B VRN 45 SR R 5
.M 0.8<y<l B, KAETZERIH—H () ;0.6<y<0.8 Bf, i " ( RIf);0.4<y<0.6 B}, = (—
M) ;0.2<y<0.4 B}, UG ($25) ;0<y<0.2 B, AR (22) . YR L IRIK AL R G053 Sobm i % i B
PTG R ARAL T B PE A 8 bR R 2R B0 25 5 PF A 45 S v, 2016—2018 4F 35 3 R4 DL b 3 B 7 HE 4 5o
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Fig.1 Correlation analysis of evaluation indexes
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Fig.2 The fuzzy comprehensive evaluation results
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