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Optimal water resources dispatching of inter-basin water diversion project
based on variable fuzzy set theory
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2. Water diversion project operation and maintenance center of Shandong Province, Jinan 250100,China;
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Abstract; The optimization of water resources scheduling in the Jiaodong water transfer project is studied to achieve the ef-
ficient utilization of water resources. Based on the analysis of the actual water allocation and socio-economic indicators of
Weifang, Qingdao, Yantai, and Weihai, the variable fuzzy set theory is used to establish a variable fuzzy optimization mod-
el of external water transfer volume to calculate the optimal allocation coefficient. The allocation of external water transfer
volume is optimized from the four cities and the coupling coordination degree between the optimized external water trans-
fer volume and regional socio-economic development is calculated. An objective function is established and the solution is
programmed by Lingo software based on the principle of the highest water transfer efficiency and the minimum total wa-

ter deficit in the four cities. The optimal water resources regulation is carried out in the median water year, low water
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year, and the extremely low water year, respectively. The results of optimal water resources regulation and planning indi-

cator regulation are compared and analyzed. The results show that; the two scheduling results meet the minimum water

demand of each water-diversion; the optimal allocation of external water transfer volume increases the coupling coordina-

tion degree between water resources and socio-economic development in the four cities of Jiaodong, after the optimal water

resources regulation, the water-deficient ratio is significantly decreased in Qingdao, while the water-deficient ratio in other

cities decreases slightly.

Key words: variable fuzzy set theory;coupling coordination degree;inter-basin water transfer project;optimal dispatching

5 3T 3 7 I R A X K R VR T P T A R
Ttz — o 1 K GE R I A R R R K TR ks
TTRAROTTE . AR AR JH K TR — K
P K R L TR, TR S AT R T K L
KR 1 K 22 K PR A VR BED L G TR X
PEAK TR R I (H T AR T S B R
AT CLAF BRI AR 4 TDRREET 5 S FrZen)
)R L5 0 R 3 L B K Bl 1 R S L O R
PHK TR A I K R0 S B AR 32 7K XK 8, ik 75
JR K BE IS e AL BE 5K

KT K GEIEMACTH BB FE 55 L 7E 1962 4F, i
Massa 2505058 DUTTF G TS5 ol H bR~ K
JE R B A L PE LRI AL, 1973 4F, Windsor' " X 7K
VTR BB A5 TR AT 5 SR R 2 P BT 1 32 91 R
gl ik 5OIR A B BRI S R . 1984 A,
Ozden™ £ 7K 21 10 06 A O Ak 3 B o] L, ST T
06 DP Hiik, 1994 45, KR4 BSR4 TR FHZ
PERLRI R SR A IE K R B UL K R BEBE A, 1999
A EARAET ST T U T I SR I K R A R By ik
AR AR L RIBERY - 1977 4, Rossment™ 4%
4 Lagrange e 73S M DP #iE, @ 57 THLS AR
MBS MR RL, 1992 4F, Becker™ IR 3%
WF9E T K ERE R G012 B bR A 8. 2005 47, Jain
ST MK BT 1 R B G AT B O R K R B
2006 4T, Matete % A4 T 85 9 38 K TR A9 43
PrHEZR , LADPAY 3 2R H6 i A 7K AR X 3 RIT K pg
WA, 2014 4F, Read 2% £ Xt HLIfg M X
(AR AL TR L ) LR . T 3T B AL T 1 4
BOTEL 2R A et B e AR B AR A B 7 46

EEXTICA TR K TA8, b R A5 He BRCIL AR A
ARG PRLE AR IR ) HR Y SN K R R R (LA
T RIFRFLRIFE bR FEAT TR JE BRI B R AN
K 5l X S PR 7K s AT E A BT i 2 6 AR
b DX 23 2R R SRR 14 53 BT s AS R T 2K B U 1
ROFIFE . A SCEF RIS ZR 4 T AR K S B BEATLE AR
[i] — 1k iz F T AR ORI A2 BT o i AR e S R

+ 86 ¢ KXKFR

A LA LM SRR LA BC I AR 4 Y
SRR AL R SR, HEAT K B AR B, AT A
AR ER G IR M 25 R 1 B R BE L O TR A
IRTAE H R a7 BRAR R A K R .

1 KRR REEFRIE

1.1 ZAKRREIFZMEA

JEARTIK TR E INARE B 7 B T K W 2
LGRS - B 5 | B0 7 AR A0S AR M X 5| 2 A /K T
TREH B, WAL 1,

4

i

1A TR
EHF s
— B A TR

1 BRFEAKIBRAEZZKMBXSH
Fig. 1 Jiaodong water transfer project and distribution

water receiving area along the route
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Fig. 2 Water supply network of Jiaodong water transfer project
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Tab. 1 The actual water distribution in four cities of

Jiaodong from 2013 to 2018
${71,Z4 m®

iy
2013 2014 2015 2016 2017 2018

JEAR 4 i

bi27d 0.060 0.390 1.770 0.625 2.880 1.380
Hi 2.130  2.300 2.780 2.480 5.330  3.340
WG 0 0 0.330 0 0.870  0.240
Bl 0 0 0.030 0.680 0.670 0.510
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Tab. 2 Water consumption in various industries

in four cities of Jiaodong

A A2 m?
KA i H me JRHF
A IR 5.92 1. 93 3. 60 1.57
MM 0.73 0.33 1.82 0.73
Tk Ak 2. 48 2.14 1.33 0. 80
WAL 0.59 1.07 0. 49 0. 39
S AT 1. 96 3.16 1.48 0. 64
He IR H 0. 42 0. 81 0.01 0. 04
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Tab. 3 The balance between water resources demand and supply in the year of 2020 in four cities of Jiaodong

e ZR FKE/fC m? YK Al K i /AL m? Bk /e m? Bok#/%

AW p=50% p=75% p=95% p=50% p=T5% p=95% p=50% p=75% p=95% p=50% p=75% p=95%
Wi 21,6 22.2 22.2 15.2 13.5 12.8 6.4 8.7 9.4 29. 6 39. 2 42.3
W8 17,0 17.2 17.2 10.8 9.6 9.0 6.2 7.6 8.2 36.5 44,2 47.7
ME 12,9 13.1 13.1 9.5 8.2 7.7 3.4 4.9 5.4 26. 4 37.4 41.2
B 5.7 5.8 5.8 4.3 3.6 3.3 1.4 2.2 2.5 24. 6 37.9 43.1
&t 57,2 58.3 58.3 39. 8 34.9 32.8 17. 4 23. 4 25.5 30. 4 40.1 43.7
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Tab. 5 The result of optimum dispatching for water resources in four cities of Jiaodong under different guarantee rate

VAR G UKL /{2 m? Bk 2/ % BOK R REE/
i) Hu Tl
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H5 2.4 3.8 4.4 14.5 22.6 26. 2 22.8 22.6 22.6
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