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An improved GWO for optimal allocation of water resources in Qingyang
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Abstract: [Objective] To improve the traditional GWO and apply it to the water resources allocation
in Qingyang city, Gansu Province. [Method]) In order to solve the problem that the traditional GWO is
prone to local optimization, slow convergence speed and low accuracy, the group position is initialized by
Tent chaos sequence, the distance control parameter a and the position update equation in the GWQO are op-
timized and improved,and the improved GWO is tested by 8 test functions. On this basis, Qingyang city in
Gansu province is taken as an example,and 2020,2025 and 2030 are taken as the short-term, medium-term
and long-term planning years respectively. The improved GWO, traditional GWO and traditional multi-ob-
jective allocation method are adopted to calculate the optimal allocation of water resources in Qingyang cit-
y.and the principal components of the three methods are selected. [Result] The optimal value of 7 of the 8

test functions of the improved GWO is obviously closer to the theoretical minimum than that of the tradi-
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tional GWO. In 2020,2025 and 2030, the comprehensive scores of the three planning years are 0. 18,0. 69

and 1. 00 respectively, which are obviously better than those of the traditional GWO and the traditional

multi-objective algorithm in the same year. According to the calculation of optimal allocation of water re-

sources,the corresponding economic output of water resources in 2020, 2025 and 2030 is 107. 446 billion

yuan, 160, 118 billion yuan and 219. 612 billion yuan,respectively. The calculated value of economic output

in 2020 is greater than the target value of 100 billion yuan in the 13th five-year economic plan of qingyang

city. [Conclusion) The Improved GWO has good feasibility in the optimal allocation of water resources,and

can provide a new optimization calculation method for the optimal allocation model of water resources.

Key words: water resources;optimization of model configuration;improved GWQO;optimization scheme

selection; Qingyang
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Table 1 Comparison of improved and traditional GWO simulations
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Table 2 Water resources allocation in Qingyang based on the improved GWO 10" m?
Lk 4R ANERKE AESAKE AR BT KR Rl K A o K A
Planni Ju Domestic Ecological Tertiary Secondary Agricultural T ;‘1 L'tﬁ Total
anning Range water water industry water industry water O‘d V‘id er water
year utilization utilization utilization water utilization  utilization SupPly demand
2020 4=1li Whole city 6 269.90 456. 56 1 863. 39 25 245.94 14 363. 31 48 199.00 49 511.00
PG % Xifeng 925. 21 85.42 631.67 3 490, 54 4 454,16 9 587. 00 9 981. 00
PRI Qingcheng 835. 06 64. 21 161. 35 2 577.55 1 558. 83 5197.00 5 316.00
#H Huanxian 664. 06 47.04 152. 97 2 160. 54 911. 38 3 936. 00 4 009. 00
1E3 Huachi 368.91 22.10 181.15 1131.51 775.42 2 479.00 2 587.00
4 7K Heshui 186. 76 13.23 56.07 760.72 709. 22 1726.00 1 859. 00
1FT* Zhengning 891. 80 62. 60 254.27 2 834.70 2 061.65 6 105. 00 6 145. 00
7 H Ningxian 1179.76 66.12 219. 81 11 643. 37 1962.94 15 072.00 15 217.00
4R Zhenyuan 1 218. 34 95. 84 206. 10 647.01 1929.71 4 097.00 4 397,00
2025 417 Whole city 7 225.49 647. 64 2 725.36 28 673.94 14 953. 54 54 226.00 55 483.00
V% Xifeng 1085.71 122.37 961.98 4 457,60 4 515,33 11 143.00 11 527.00
POk Qingcheng 925.16 90. 62 198. 00 2 695. 54 1 569.67 5 479. 00 5 596. 00
¥ B Huanxian 790.52 67.75 166. 18 2 226.01 916. 53 4 167.00 4 245.00
£ Huachi 412. 02 31.48 259. 89 1 140. 40 776. 20 2 620. 00 2727.00
47K Heshui 184. 49 15.90 70.90 989.01 609. 70 1 870. 00 2 002.00
1E 7T Zhengning 1178.45 101. 04 434.77 3 355. 96 2 402.77 7 473.00 7 512.00
7 H Ningxian 1371.03 95. 61 304. 88 13 046. 09 1999. 38 16 817.00 16 960. 00
44 JFi Zhenyuan 1278.10 122. 86 328.75 763.32 2 163.96 4 657.00 4 913.00
2030 417 Whole city 7 895.19 801. 68 3 406. 56 30 296. 20 14 698. 39 57 099.00 58 223.00
PG 1% Xifeng 1 183.32 152.62 1 240. 45 5171.16 4 302. 45 12050. 00 12402. 00
ingcheng . . 56.45 . < 5 .00 550. 00
¥ Qingch 961. 81 111.99 223.39 2 656.45 1 488. 36 5 442 555
¥ H Huanxian 871.41 84. 62 169. 71 2 161.45 867. 80 4 155. 00 4 233.00
4E 4 Huachi 431.09 39.03 323.42 1 083.65 731. 80 2 609. 00 2 708.00
4 7K Heshui 175. 30 17.28 79. 24 1 125.50 509. 68 1907.00 2 029.00
£ Zhengning 1417, 64 139. 47 619. 61 3 653. 25 2 576.03 8 406.00 8 442.00
7 H Ningxian 1 483. 86 120. 07 373. 64 13 690. 46 1914.98 17 583.00 17 716.00
44 J5i Zhenyuan 1 370.75 136.61 377.09 754. 26 2 307.29 4 946. 00 5 143.00
3 ETHGERREENKEHAKRRRESER
Table 3 Water resources allocation in Qingyang based on the traditional GWO 10'm’
. ; ASFKE =K BT KR Rl K . N
il AT Iy = ok it EAME
P%ILJZJQ: Ju A:D@%H:Jﬂt(i Ecological Tertiary Secondary Agricultural ,I}T{;‘fk"'tﬂ Tﬁﬁt?}l( %
anning Range omestic water industry water industry water otal water Lotal water
year water utilization A PR SR e supply demand
utilization utilization water utilization  utilization
2020 41l Whole city 6 065. 50 450,74 1 870. 02 26 016. 66 13 796,07 48 199.00 49 511,00
Vg% Xifeng 907. 25 82.29 630. 42 3 634,97 4 332.06 9 587.00 9 981. 00
P Qingcheng 820. 43 62.32 160. 65 2 663.78 1 489. 82 5197.00 5 316.00
3£ Huanxian 647. 46 46. 33 152. 74 2 200, 37 889. 09 3936.00 4 009.00
&3 Huachi 366. 36 21.65 180. 77 1171.74 738.47 2 479.00 2 587.00
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&R 3(&) Continued table 3 10* m®
war s EAFKE KR B KR RAKR o
Planning i Domestic Ecological . Tertiary Secondary Agricultural Total water Total water
year Range water utilization _W_atc.r mdu._%t»ry \-NHTCI’ mdutst_ry . Wdttr supply demand
utilization utilization water utilization  utilization
2020 47K Heshui 179.78 12. 85 55.74 801. 01 676.62 1726.00 1 859. 00
1E 7 Zhengning 865. 78 61.37 253.51 2937.02 1 987.32 6 105. 00 6 145,00
7 H Ningxian 1161.68 64. 96 219.13 11 729. 47 1896.77 15 072.00 15 217.00
1 Zhenyuan 1116.75 98. 96 217.05 878.29 1 785.93 4 097.00 4 397,00
2025 417 Whole city 7 006. 20 629.52 2 651.33 29 492. 63 14 446. 31 54 226.00 55 483.00
7G5 Xifeng 1047, 39 117.92 927.21 4622.74 4 427,74 11 143.00 11 527.00
POk Qingcheng 886. 35 89. 76 194. 65 2.799.35 1 508. 87 5 479. 00 5 596. 00
# B Huanxian 773.11 66. 05 162. 98 2 269.73 895. 11 4 167.00 4 245,00
4E3 Huachi 404. 09 30. 36 250.57 1 183.09 751.89 2 620. 00 2727.00
47K Heshui 182.73 15. 23 70. 04 1025. 04 576. 96 1870. 00 2002. 00
1E 7 Zhengning 1135.02 98. 80 425.02 3 482.82 2 331.33 7 473.00 7 512.00
7 B Ningxian 1358.17 93.76 301.61 13 134. 23 1929. 24 16 817.00 16 960. 00
44 Jii Zhenyuan 1 219. 34 117.63 319. 25 975.62 2 025.17 4 657.00 4 913.00
2030 41 Whole city 7 707.70 770. 80 3 285.54 31 318. 95 14 015.02 57 099.00 58 223.00
P I% Xifeng 1 154.94 149. 85 1 223.87 5 319.76 4 201.59 12 050.00 12 402.00
PRI Qingcheng 939. 16 109. 16 214.91 2 868.98 1 309. 80 5 442.00 5 550. 00
¥ H Huanxian 855.63 81. 66 165.91 2 209. 83 841.97 4 155. 00 4 233.00
163 Huachi 420. 69 38.08 315.61 1126.07 708.55 2 609. 00 2 708.00
47K Heshui 172.81 17.12 78.38 1 155.53 483.15 1907.00 2 029.00
1E 7 Zhengning 1 373.06 124. 41 554.29 3 784.27 2 569.97 8 406. 00 8 442.00
7 B Ningxian 1471. 26 118. 44 366. 37 13 798.72 1 828.19 17 583.00 17 716.00
44 Jii Zhenyuan 1 320. 15 132.08 366. 20 1055.78 2071.79 4 946. 00 5 143.00
4 ETHGEZEREEAFENRKETKRREESER
Table 4 Water resources allocation in Qingyang based on traditional multi-objective method 10" m?
A N ﬁi?ﬂ‘fﬁﬂfi ﬁi‘ﬁfﬂﬂmﬁ ’éﬁ*ﬁﬂkmﬂ(ﬁ ﬁ;::\r"ikfﬁﬂ(ﬁ Z?ikfﬁﬂ(ﬁ EI‘{;’:I\:‘7K4E*J£_|£ Inﬂuéﬁ
Planning G [ Domestic Ecological 4 Tertiary bgcondary Agricultural Total Total
Range water u water industry water industry water water water
year tilization utilization utilization water utilization  utilization supply demand
2020 417 Whole city 5 822.28 433. 27 1 795. 96 26 772.70 13 374.82 48 199.00 49 511.00
P I% Xifeng 878. 43 81. 94 603. 23 3 886.53 4 136. 88 9 587.00 9 981. 00
PRI Qingcheng 792.13 62.03 153. 80 2742.72 1 446. 32 5197.00 5 316.00
¥ H Huanxian 634.63 45. 04 146.75 2 258. 64 850. 93 3 936. 00 4 009. 00
£ Huachi 354. 36 21.01 172.19 1 201. 82 729.62 2 479.00 2 587,00
47K Heshui 180. 34 12.57 53.16 818. 82 661.11 1726.00 1 859. 00
1E7* Zhengning 853. 96 59.45 241. 34 3012.68 1937.58 6 105. 00 6 145. 00
B Ningxian 1124.15 62.99 212.12 11 818.00 1854.75 15 072.00 15 217.00
44 Jii Zhenyuan 1 004. 27 88. 26 213. 36 1 033.50 1757.63 4 097.00 4 397,00
2025 411 Whole city 6 843.01 610. 00 2 584.33 30 257.49 13 931.17 54 226.00 55 483.00
7% Xifeng 1 037. 36 117. 04 914. 05 4 814. 39 4 260.16 11 143.00 11 527.00
POk Qingcheng 888. 85 86.63 188. 05 2 829. 30 1486.17 5 479. 00 5 596. 00
# B Huanxian 764.19 65.08 158. 26 2 317.07 862. 39 4 167.00 4 245,00
483t Huachi 391.73 29.93 248.57 1221.19 728.57 2 620. 00 2 727,00
47K Heshui 175. 22 15.11 67.60 1 045. 85 566.22 1 870. 00 2 002.00
1E 7T Zhengning 1127.13 95. 94 417.07 3 596. 34 2 236.51 7 473.00 7 512.00
7 B Ningxian 1312.95 92. 39 294.13 13 251. 58 1 865. 96 16 817.00 16 960. 00
44 Jii Zhenyuan 1 145.57 107. 88 296.59 1181.77 1925.19 4 657.00 4 913.00
2030 47 Whole city 7 545. 80 766. 65 3 255.75 31 798. 90 13 730. 92 57 099.00 58 223.00
PG % Xifeng 1 130.59 145.03 1191. 20 5 534. 38 4 048. 80 12 050.00 12 402.00
POk Qingcheng 913.99 106. 37 215.56 2 812.42 1 393.67 5 442,00 5 550. 00
8 Huanxian 833. 84 80. 64 162. 48 2 257.76 820. 28 4 155.00 4 233.00
AE3th Huachi 412.90 37. 34 307. 54 1159.12 692.12 2 609. 00 2 708.00
47K Heshui 168. 30 16. 51 75.22 1172.21 474,76 1 907. 00 2 029. 00
1E 7 Zhengning 1 370.03 133.96 588. 25 3 904. 07 2 409.69 8 406. 00 8 442.00
7 H Ningxian 1411.15 116. 07 356. 04 13 878.92 1 820. 84 17 583.00 17 716. 00
)5 Zhenyuan 1 305.01 130.73 359.47 1 080.02 2 070.77 4 946. 00 5 143.00
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S 3 MT R ITIE A B TS AR AR
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GiZe FbRIC B 7 1L ERE I L oK o PRI LSS —
Pl A 2 T B ARG 2 H s B B TR SR TP AR
Tl K BRI T DR B T K B R v
e NI R AU e o e R AV €l =|
P Rt BB B 1 T A B A R L LA R P R AR
A SR EBR A T NRATE K AR T R
K BE IR B rh A 2 Rt e K A bR S B 4 B
IR AR A H AR A G0 IRk T RE T I 2K L
S5 R B9 SR =Mk K BB AR T AR R R B T
P8 7 o I 2B A e e R R L K . IAE
SRR A R =3 M i R BUHE ) KR
A it DA R g TR TR AR R il K T R A E Bk U X
AR A L A 37K 8 IR 455 24 5 F T

RN T 42T 2R G0 3 0 A TR L b 200 [6) B 2% 1
RZ 52 R R AN BE B4l LA SE — BB 1] K i iy 2 0
KPR FETT IS o AR A HR T HE K AR B X L A9 A

BPE-a REY) NG b RS A A NI €
AR X T 3 by ik B A SR R L S R AR
%o ST AR 5% 5 8% 3 4 o Ik Xt 3 b ik i 25
B aE HEAT VP o L 3 R H % 4 SEARE K 22 P S A
B AR SRy DB LA 25 M A8 b CRI 3 43 - BE fig A 1)
RO Bk, ST A5 B R A R AR .
2.3.2 BeE kst SHESCER37, 0k Rk
F RGBT xE 3 A AT AR N . BLALB,
C o SRR B IR BB 1 AL G AR B F L e &2
FARBLE . LT LI 4t 3 3 A F sl 48, )
WAL 9 AR HPR(AT (A JAy By By By .Cy .
CyCyp)o PIRFHT WA HKE AESHKEH
= KR VB P R K ROl R K LU
AR A R AR IR T VB =l e BT AR
TET RN X5 0 b T BRI 89 2 7= R 1T S FE A
GER Y, ~Y ) #4773 Bk, XF I 48 b5 2 2% CH R
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Table 5 Basic data of comparison and selection of water resources allocation method in Qingyang
A E K G Y/ AESHKE Y,/ S AAKE BT ERKE Y A AKE Ys/ G
H br (X10* m*) (X10* m®) Y;/(X10* m*) (X10* m*) (X10* m?®) JY/{Z%
Aims Domestic Ecological water Tertiary industry ~ Secondary industry  Agricultural water N ’
e e e R T GDP Y
water utilization Y, utilization Y water utilization Y3 water utilization Y utilization Y5
Aq 6 269.90 456. 56 1863. 39 25 245.94 14 363. 31 1074, 46
Ay 7 225.49 647. 64 2 725.36 28 673.94 14 953. 54 1601.18
Ay 7 895.19 801. 68 3 406. 56 30 296. 20 14 698. 39 2196.12
B 6 065. 50 450. 74 1 870.02 26 016. 66 13 796.07 1 100. 97
By 7 006. 20 629.52 2 651.33 29 492.63 14 446. 31 1621.59
By 7707.70 770. 80 3 285.54 31 318.95 14 015.02 2 223.05
Cy 5 822. 28 433. 27 1 795. 96 26 772.70 13 374.82 1116.92
Cy 6 843.01 610. 00 2 584.33 30 257.49 13 931.17 1641.02
Cy 7 545. 80 766. 65 3 255.75 31 798.90 13 730. 92 2 241.10
MR Y7/ = Y/ I 1T 2 b TR N i ThT AR ANB A B Y/
H #5 (X110 (X108 J8) Yo/ (X10* m?) Yio/hm? (X10* J8)
Aims Total population Output value of Urban green Per capita cultivated GDP per
carrying capacity Y7 tertiary industry Y area Yo land area Y7, capita Y,
A 252.61 232.92 2 029.16 2.53X10°? 4.25
Ay 274.18 454. 23 2 878. 42 2.42X 1072 5. 84
Ap 283.12 681. 31 3 563. 04 2.31X10°2 7.76
B 244. 38 233.75 2 003. 30 2.51X10°2 4.51
By 265. 86 441. 89 2. 797.85 2.42X10°? 6.10
By 276. 40 657.11 3 425.76 2.25X10 2 8. 04
Cq 234.58 224.49 1 925. 65 2.53X10 2 4.76
Cy 259.67 430. 72 2 711.11 2.38X10? 6.32
Cy 270.59 651. 15 3 407. 31 2.26X10? 8.28

2Oy 22 AR R U YRR A A S T 22
TIRRRUNE 6 fim. &6 BWH. M ERD N Y, A,
BT ETTEE ¥ 9N 99. 109% >99% , 41 &

IR TR AR R A5 B AT R . BT LA WF 5% 42
BUCRT 2 4> F2 o VR D A 8 b L AR B TR 4E A ] AL
AR
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Table 6 Principal component characteristic value and variance contribution rate of
water resource allocation methods in Qingyang
Y JETE/ % E A FETRE/ %
PHE' oal A Variance contribution rates P}T oal HEEAEAY Variance contribution rates
rincipa . — rincipa . -
a 1A < a 3
component Eigen value Ut RBUE ¥ component Eigen value Bl RBUE Y
Value Accumulated value y Value Accumulated value y
Y, 8.726 87.262 87.262 Y: 0. 000 0. 000 100. 000
Y, 1. 185 11. 847 99.109 Ys 0. 000 0. 000 100. 000
Y; 0.079 0.794 99.903 Y, 0. 000 0. 000 100. 000
Y, 0. 009 0. 085 99. 988 Yo 0. 000 0. 000 100. 000
Y; 0. 001 0.010 99.998 Y1, 0. 000 0. 000 100. 000
Ys 0. 000 0.002 100. 000

R 7 A L 2 2 SClR 38 T 25 A 4% o i 5 7
BB S A ERTEL0L 1] 53 3 MR I
PRAE SR UL 7 R AR 4 (1) RIS 4 (2) 2 B R OR £
HAR WA ER 0. R 7 BN TEEE
BARIK Ay >By >Cp >A; >B >Cp >A, >
By >Cy . %4 R R, it KRB i g R
8T A ] 4F 003 4% 48 IR 550 1k AL 42 2 H br e & 7
Beo A, 280k Bk OR3P IE 1 /5 . 2020, 2025

2030 4F JK BE PR B X R B 28 T A S o Bl R
1074, 4642 .1601. 18 {11 2 196. 12 {270 ; Hirp 2020
AR TC B B 7K BT U BT R N B 28 % AR 7 B I R
BT = T2 se M) 1000 425/ 7 {H H br .
LA L 2 R BRI A e AR R AR R B T A
IR Fry 7K % T 446 107 8 A il N IR AR 9 A AR R B I
T LG M R e KA .

R KMETAFRAUEES EZHITMER

Table 7 Evaluation of Qingyang water resources optimal allocation schemes

Sk MA WA®  Gaus WA Tk mA R D Gauh | WE
Program Score (1) Score (2) Synthesis Ranking Program Score(1) Score (2) Synthesis Ranking
A —1.100 0.994 0.18 7 B 1. 066 —0.620 0. 88 2
Ay 0.220 1.586 0.69 4 Cy —1.312 —1.169 0. 00 9
Ay 1.211 0.728 1.00 1 Cy —0.007 0,549 0.50 6
B —1.182 —0.189 0.09 8 Cq 1. 006 —1.277 0. 83 3

By 0.098 0.496 0.59 5

TE A0 (D MAR 5 (2) 50 5 RR 2% BRI 2 A R 5 2016 0L

Note: The score (1) and score (2) represent the scores of the two principal components of each target, respectively.

3 45 i

A 580 A 58 IR 5 125 B 900 s o A L 4 1
SR a PORA B T T R AT T B OF R TR
FH 7 7K W 01 T T A 2R A SR e o IR DA 2 R
o

D) 7% e R IR AR 805 A7 X 8 A4~ 0 L bR
Bob AT 7 A BT B E B Bt ORISR W]
TG KRBT . S5 R R W O iy PRS2k A
HUE:UELEE RN E N € U D& 9 W RIT R L U R 323
REE ARG TR KB R il i A .

2 K B A B AR A3 O P R R T 4 K B AR
PETE B IF R kR IR W R KORk fe %
FIARIC B 77 1% 0647 X LU - &5 R 3 W 7 R FH T 7K 9% U
DAL B ot IO BIE L T 73 40 2 AR 5 ik .
B BH T AR AL e B 5 A 2020 4F AH I8 7K 98 8 i X B A
P4 BAE N 1 074, 46 4270 R TR + =

TAFEHI) HFRE 1 000 4270, X FRWT. R 7E
LA N AT A R AT $E T - HAT BR A K
TR 22 0 A TE B T AR AT e R K BT IR 25 5 A A

3)HH X A% Gt IR AR B0k B B R R e G L Wi L
AR O RE AN A AN AR R ORI
o RN B IR Rk A K B IR AR TS L R A AR
G B AT AT T R B DRI A TR A R SR A 4R A R
gt
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