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Application of AGPSO - MEPP model in dynamic evaluation of
water security in Yunnan Province

ZHU Xiuxin
(Bureau of Hydrology and Water Resources of Yunnan Province, Wenshan 663000, China)

Abstract: In view of life safety, economic security, social security and ecological security, 20 indicators
were selected to construct regional water security dynamic evaluation index system and grading standard.
The AGPSO — MEPP is proposed to optimize the projection direction of the maximum entropy projection
pursuit (MEPP) | and the AGPSO — MEPP water safety evaluation model is proposed. The APSO algo-
rithm is constructed and the inertia weight is linearly reduced. Particle Swarm Optimization ( LDWPSO)
algorithm and Basic Particle Swarm Optimization (PSO) - MEPP model were used to evaluate the water
security of Yunnan Province from 2006 to 2015 and 2020. The results show that: The optimal, worst —
case, average and standard deviation of objective function of AGPSO were better than those of APSO,
LDWPSO and PSO, and had the best global optimum. The water security assessment of Yunnan Province
from 2006 to 2013 was “unsafe” by the AGPSO — MEPP model, “almost safe ” from 2014 to 2015, and
“safe ” in 2020. From 2006 to 2015, the water security of Yunnan Province showed an increasing trend
with time, and the upgrading trend was remarkable. The water security evaluation results of APSAP —
MEPP model are the same as those of APSO — MEPP model, but the rankings are different. There are
differences in the evaluation results and ranking with LDWPSO — MEPP and PSO — MEPP models. Among
them, the difference between PSO — MEPP model and the ranking of PSO — MEPP model is the most sig-
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nificant, which indicates that the extreme value optimization ability of the algorithm determines the accu-

racy of evaluation.

Key words: water security ; maximum entropy projection pursuit;index system;autonomy particle swarm

optimization algorithm ;accelerated particle swarm optimization algorithm ;linear decreasing weight particle

swarm optimization algorithm ; particle swarm optimization algorithm ; Yunnan Province
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(mEB T =HKFIERRD) , W2,

R2 ZEHE 2006 -2015 £ 2020 kR ETFM ISR LR

G G G G G Cs G G G Cyo Cy Cp Cy Cy Cis Cs Cy Cg Cy Gy

2006 3800 327 85.2 135 o4 8929 325.14 133 67.4 1725.6 0.0331 0.1825 0.6306 30.50 113.75 42.7 3.67 0.600 56.0 5.969
2007 499 333 81.5 131 68 10609 323.59 115 72.1 1548.5 0.0333 0.2150 0.8571 31.60 114.54 43.3 3.81 1.203 36.8 5.928
2008 5095 337 77.8 117 70 12570 334.27 107 75.8 1380.9 0.0334 0.1106 0.9598 33.00 115.28 42.3 3.88 2.380 54.8 5.890
2009 3450 334 88.5 125 70 13539 344.98 100 77.8 1277.3 0.0336 0.2825 0.2615 34.00 115.99 42.0 3.87 2.670 59.0 5.854
2010 4224 321 83.0 119 68 15752 358.57 98 80.8 1090.5 0.0339 1.3662 0.4095 34.81 116.76 40.0 3.76 2.700 50.0 5.815
2011 3196 317 8.0 118 71 19265 379.05 77 82.0 897.9 0.0343 0.4138 0.1570 36.80 117.51 39.0 3.73 0.680 44.0 5.778
2012 3627 326 79.0 120 72 22195 392.32 71 83.1 743.6 0.0351 0.4346 0.4830 39.31 118.22 39.0 3.86 0.660 46.0 5.744
2013 3642 319 87.0 120 73 25322 404.90 67 84.5 626.4 0.0358 0.3043 0.2684 40.48 118.92 41.6 3.80 0.860 49.6 5.710
2014 3663 317 91.7 127 71 27264 411.72 63 89.9 571.9 0.0417 0.2922 0.3445 41.73 119.61 51.8 3.79 1.350 56.1 5.677
2015 3948 317 83.9 124 71 28929 416.89 66 91.2 548.6 0.0360 0.2512 0.3883 43.33 120.32 53.5 3.81 1.560 63.2 5.643
2020 4700 350 95 130 85 38467 450.00 50 95 450.0 0.0500 0.2200 0.3500 60.00 125.00 65 4.50 4.500 85 5.500
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ST 7 S5 PSO B3k 14 J 54 % A
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T O PR 14 B A e R AR, HG T O £ 45 O 1)
@,y N MEPP e AE 8507,

(2) AL FEAR B HE R 45 58, AGPSO 83k
PEALRR WS A T APSO 473, H: AGPSO - MEPP #
TN} 7 8 K 22 AT 45 2 5 APSO — MEPP 57

A, FEHET AU 2 AEAFTE 22 5% 5 AGPSO iR
F LDWPSO #3%, H: AGPSO - MEPP 452 5 % 5241
WA SRS LDWPSO ~ MEPP #ERITEPEAr 45 5% E A7
1AEARTR], ZEHET B 2 SRAFFE 22 5% AGPSO Bk I
BT PSO 5332, H: AGPSO — MEPP #5251 X6} 52 451 (1)
Hras 5 PSO — MEPP BERUEPEM 45 51 A 3 4EA
), 7EHE P B 7 AEARTE2E 5, SEBI96 UE 25 2R 3R W
BRI AR A TR RE )t ORI

#x3 BREHRUERRIEEER
=R7S e RE 5E =[] EHIE PR B IT 1] @)y (20 REIMH)
(0.2076 0.2061 0. 1494 0. 1909 0. 1982 0.2090 0. 1856 0. 1961
AGPSO  12243.82200 12243.82200 12243.82200 7.28 x10~'2 0.1926 0.1953 0.1821 -0.1941 -0.2024 0.1941 0.1708 0. 1738
0.1935 0.2006 0. 1745 0.5546)
(0.1963 0.2070 0. 1503 0.2015 0.2017 0.2149 0. 1840 0. 1933
APSO  12243.80300 12242.91500 12243.54155 2.51x10-" 0.1973 0.1954 0.1797 —0.1967 -0.1869 0.2015 0. 1693 0. 1725
0.1998 0.1957 0.1717 0.5546)
(0.2042 0.1720 0. 1250 0.2442 0.2112 0.2252 0.1922 0.2214
LDWPSO 12226.06400 12120.32300 12189.90895 3.34 x 10! 0.0950 0.1812 0.1837 -0.2269 -0.2103 0.1963 0.1602 0. 1567
0.1952 0.2227 0.1888 0.5373)
(0.4228 0.1293 0.0335 0.3361 0.2865 0.1163 0.1326 0.2721
PSO 11864.47000 11248.34400 11650.42745 1.83 x10> 0.1776 0.2121 0.1042 -0.0601 —0.1876 0.2853 0.0784 0.0842
0.1937 0.2003 -0.1027 0.4407)
x4 REKREENERIFE: (0)
R AGPSO - MEPP APSO - MEPP LDWPSO - MEPP PSO - MEPP
FEwEe(1%R) =2.2164 =2.2164 =2.1165 =2.1081
Za(1R) [1.6929,2.2164) [1.6929,2.2164) [1.6133,2.1165) [1.5702,2.1081)
A (M%) [1.1903,1.6929) [1.1903,1.6929) [1.1220,1.6133) [1.0416,1.5702)
A4 (V) [0.6756,1.1903) [0.6756,1.1903) [0.6301,1.1220) [0.5251,1.0416)
WAL L (V) <0.6756 <0.6756 <0.6301 <0.5251
R5 ZEEKREEFE:() RIFNMHEFER
AGPSO - MEPP APSO - MEPP LDWPSO — MEPP PSO - MEPP
A
Bd () W HUP BEME ) M HY BREG) N HY B E ) T HOFP
2006 0.7578 Vg 10 0.7551 Vg 10 0.6743 Vg 10 0.7176 V&4 10
2007 0.8681 Ng 9 0.8671 Vg 9 0.7798 Vg 9 0.9367 Vg 8
2008 0.9799 Vg 7 0.9709 Vg 8 0.8884 |\ 0.9941 Vg 6
2009 0.9676 |\ ] 0.9797 Vg 7 0.8772 |\ 0. 8899 N 9
2010 1.1590 Vg 3 1.1670 Vg 2 1.0898 Ng 2 1.0363 Vg 5
2011 1. 0069 Ng 6 1.0144 N 6 0.9092 Ng 6 0.9585 |\
2012 1.1199 |\ 1.1285 Vg 5 1.0291 Vg 5 1.0841 me 4
2013 1.1474 Vg 4 1.1572 Vg 4 1.0473 Vg 4 1.0978 me 3
2014 1.2753 m 2 1.2854 ms 3 1.1682 m% 3 1.1793 m 2
2015 1.3158 ms 1 1.3261 m 1 1.2075 ms 1 1.2017 me 1
2020 1.7107 % 1.7213 % 1.6122 Mm% 1.5096 Mm%
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R Y e s o
= §
ff R
i -
% — AGPSO
....... APSO
-= LDWPSO
---- PSO
1 1 J
60 80 100

Bl 4FERE R EE

(3) A3 3 AGPSO fli.fk. MEPP {45 () e fE 4% 5%
JikE , N COD M4 mAs bRt s i i i K,
K 0. 5546 , Hox 7K 4 4 PFH B 52 M de K LA dE b

SUAYERAE 0. 1494 ~ 0. 2090 2 [A], AH X542 /0N , FHoxt

N A TEHY 8 b X5 7K 22 4 A 1 5 i AR G g/,
H, TR AR TR R A2 K HER AT R
2 MNEARBGY 3 i o U, W6 N T8 bR S 4R 4
N HRX K G P AR IR

(4) )\ MEPP — MEPP {5 B PPAf 25 SRR, <7
4 2006 —2013 4EIK &LV R “ N4 52014 -
2015 AFEPRAN R “ FEAR G 47,2020 AEPEM A AT
M5 KE, n A KERLGABEAE (1) 2Hm
## R Spearman i & | T 15 Kendall 4531 &
| M 15 2006 - 2015 4F/K &L G2 2/ (i) i
T8, 4118, Spearman Zi it & | T | 5 Kendall
Giita | M 1350k 5.55.3. 31, R T EAG KN
0. 05 A A AH R I FHE 2. 01 F1 1. 96, "B = RI 4 7K
24 bR (] S PR T A S, HAR a3 2. M 2010
ERE , FEZ YA FIKAEROK I, K E LR G
FRMAZI L 2011 - 2013 4F K, R sh &, vl L
FH B K 5 2 1 7K 0 15 2R G AL AR AR X 7K e PP L
H R

()W m A “ T =17 KA & Rk &
i R T 1] T IR R LR i B S DA ol S a8
B A ISR IR 0 T KA S T B A L R B
e LN LISy N M (RS V R W 1 BUK S 5% (i e @
PSR AT T K A S SO R TAE K
T 7K I A5 it EE 1 | T S i T R K B R A
B s N F R &7 oty L L B e 25 L
IR« FEAR L 4" T B 4" B2 B 4
FHAKAE AR A SOK GEIR R G FEHLARfh L N FE (2835
FULY KR RE R 2, = B8 K% 43T 28 18]
AHBR .

4 & B

(1) EXHME G TR (PP) BRI $2 1
B TAE B BS ot i e KR 52 3-8 (MEPP ) £
A EEXFFEA PSO 53 5 B A Jmy i e L LA B e S50
JEMR AL IR AR T RE 1L (AGPSO) B3,
454 MEPP R 5 AGPSO Fvk 35 41, #2h AG-
PSO — MEPP JKZ 2 PEM B RIXT </ T 10 4F /K24
HEATPEMY, JEF E APSO — MEPP, LDWPSO — MEPP
1 PSO — MEPP #5804 S XiF He , BT 44 HE A0 A58 78 Ky
BEASHEMAE.

(2) BATRMF M AT AT ARHR AT R AR ],
ARG G e SRR E 24 T
AT 16 20 N8 bRe X 3K 22 AP FE iR 2R 45
b, A LA B 7 iR i B AR
ST EARPREL, FRARIAR R 3 Gbn I R AR T )
FIRE VN AR B —EMSEE L,

(3) 38 5% H bR sRE iy e fb B ik T AGPSO 55
B ERENS UL T APSO B3, i F LDWPSO #3k,
AT PSO B3k, R AR H F IR L4 TRl S P
e -l PSO S Ry 1 R 8 ) 4 i R g
AT DU 04 5 B AR PSO B39k 1 AR (B 5P 18 1 Rl
S . WS TN 25 SR R BT, X T MEPP K,
DRAE K VA B 1 O IR 2 R e R I e M
SFHLRETT

(4) AGPSO — MEPP £ 70 % 7 #5445 2006 — 2013
KBTI R AN AT 52014 - 2015 F1EH K
CEARZE AT 2020 AEVEAN AT, T 10 SRR
BAEK AR ] AR T S, BT a R B 2 (A
F AP SR KL 2P A
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