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Abstract : In order to consider the importance of the economic benefit, virtual water consumption, fairness difference
of water use per person, and nutrition factors in the regional planning of production of agricultural and livestock
products , the optimized allocation problem of water resources based on the virtual water and nutrition was studied. A
multi-objective optimization model with the maximum economic benefit, the minimum fairness difference of water use
per person,and the minimum virtual water consumption , meeting the constraints of nutrition factors,was established.
The model was solved using the variable fuzzy decision-making theory and an optimal scheme for production of each
kind of agricultural and livestock product was obtained. The model was run based on data from the Shiyang River

Basin, and the results show that the scheme obtained from the model is the optimal scheme.

Key words: virtual water; multi-objective optimization model ; nutrition balance ; optimal allocation of water re-

sources; fuzzy decision; Shiyang River Basin simulation
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Table 1 Characteristic values and relative memberships of objectives for 18 schemes

(14)

Uy (u)J =

. 2y i i A HE UK AE Ak 2 € HESIK I 6 NS

FHEHE/ 10" T FHEARE/10"0m’ Rk XS SR XS SHe i X s JeR 2
1 2.3830 1.3380 2.7690 0.5731 0.9882 0.0028
2 2.7350 1.5470 0.9000 0.6582 0.8803 0.8859
3 2.3250 1.3310 2.7750 0.5590 0.9915 0.0000
4 2.3200 1.3200 0.8754 0.5572 0.9990 0.8975
5 2.3260 1.3350 1.9250 0.5594 0.9895 0.4016
6 2.0600 2.5100 0.6679 0.494 1 0.3849 0.9955
7 2.5500 1.3600 2.6829 0.6141 0.9764 0.0435
8 2.4600 1.3300 2.5600 0.5910 0.9930 0.1016
9 3.9600 3.0700 0.8206 0.9531 0.0966 0.9234
10 4.1500 3.2500 0.8171 1.0000 0.0000 0.9250
11 2.5000 1.4000 0.8993 0.6014 0.9573 0.8862
12 2.5000 1.4000 2.7750 0.6014 0.9574 0.0000
13 2.3100 1.3100 2.7750 0.5559 1.0000 0.0000
14 2.3200 1.3200 0.8754 0.5572 0.9990 0.8975
15 0.0108 3.0800 0.6584 0.0002 0.0905 1.0000
16 0.0193 3.0500 0.6694 0.0022 0.1074 0.9948
17 0.0192 3.0400 0.6753 0.0022 0.1128 0.9920

18 0.0100 3.0000 0.6875 0.0000 0.1299 0.9863
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Table 2 Relative optimal memberships for 18 schemes under four combinations of optimization criterion parameters and

distance parameter and average of relative optimal memberships with four combinations for each scheme

AR S F XL E P —

ES .
a=1,p=1 a=1,p=2 a=2p=1 a=2p=2 FHfE

1 0.5908 0.5910 0.6758 0.6761 0.6334
2 0.7543 0.7091 0.904 1 0.8560 0.8059
3 0.5839 0.5830 0.6632 0.6616 0.6229
4 0.7372 0.6493 0.8872 0.7742 0.7620
5 0.6415 0.6119 0.7619 0.7131 0.6821
6 0.5515 0.5102 0.6020 0.5203 0.5460
7 0.6148 0.6164 0.7180 0.7209 0.6675
8 0.6151 0.609 1 0.7186 0.7082 0.6628
9 0.6955 0.6712 0.8392 0.8065 0.7531
10 0.6932 0.6593 0.8362 0.7892 0.7445
B 0.7462 0.6758 0.8963 0.8129 0.7828
12 0.5967 0.6036 0.6864 0.6987 0.6464
13 0.5846 0.5822 0.6646 0.6601 0.6229
14 0.7372 0.6493 0.8872 0.7742 0.7620
15 0.2041 0.2322 0.0617 0.0838 0.1454
16 0.2087 0.2325 0.0650 0.0840 0.1476
17 0.2095 0.2322 0.0656 0.0838 0.1478
18 0.2117 0.2320 0.0672 0.0836 0.1486

M w, = (0.288,0.535,0.177) B, 18 A~TJ7 & HUARXS L B -2 {E KR M (0.7792 0.8803  0.7765
0.8957 0.8292 0.4885 0.7903 0.7986 0.4141 0.3735 0.8938 0.7731 0.7791 0.8957
0.1620 0.1677 0.1692 0.1747) ,BAMGEAT DG TSR 4 SO S 14 AEMRTE., TR 4 ZMLUER
K I/ NERR A B bR KA 22 5 fe/ NME bR N 2R 0 2 BARE A RLIT A B %8, i 8 14 J2 LA
FERUK B/ MERR A AR T3 2 AN bR 200 o BARALBER RS B 28 . 5 BRIl i i & 507
FIRAIEE I XA — 2, 7 BA R R WA G 31 BB MRS I 2.
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