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Research on Optimization of Crop Planting Structure and Agricultural Water Management Based on Water Footprint Theory and
Multi-objective Fuzzy Programming —Taking Hanjiang River Basin as an Example

TU Jia-ting, ZHOU Min ( College of Public Administration, Huazhong University of Science and Technology, Wuhan,Hubei 430074 )
Abstract Using a systematic analysis method, the water footprint theory, fuzzy chance-constrained programming ( FCCP) and multi-objective
programming model (MOPM) are integrated into a multi-objective fuzzy programming framework for optimizing crop planting structure and ag-
ricultural water management, and analyzing their effectiveness at different levels of confidence The optimization framework was applied to Han-
jiang River Basin, and the results showed that(aty = 0.55) ,in the Hanjiang River Basin, more rice would need to be planted in the central
and southeastern regions, and less wheat and maize would need to be planted in most regions. The economic benefits of crop cultivation in Han-
jiang River Basin would increase by 39%. The green and blue water footprints would increase in the central and southern regions, and the gray
water footprint would decrease in the northwestern region. Water productivity would increase by 12% and the grey water pollution would de-
crease by 11%. At different credibility levels, optimized crop planting structures were effective in achieving economic, water productivity and
pollution control objectives, helping Hanjiang River Basin to achieve better agricultural water management and promote sustainable agricultural

production.
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Fig.1 The geographical location and 17 districts of the Hanjiang River Basin
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Table 1 Data required for this study and its sources
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Data type Data name Data source
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AW AN P 4811 )R (http . //tjj. shaanxi. gov. en/ ) $24E1 2019 £
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Crop-related data BANTIAR AR CPERR S L) (http ;. //www. stats. gov. cn/)
PR il R 45115 (http . //www. stats. gov. cn/)
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Fig.2 Optimization framework
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Table 2 Fuzzy parameters setting

e ik =tk
Fuzzy parameter Description Triangular set
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Table 3 The existing and optimal crop planting pattern under different credibility levels x10° hm?
A Existing y=0.55 v=10.75 y=0.95
Province City KRS NE SRR KR N K KRS NE EK KRS N ES
Rice Wheat Corn Rice Wheat Corn Rice Wheat Corn Rice Wheat Corn
51t Hubei 118 26.99  56.76  74.74 92.74  28.38  37.37 92.74  28.38  37.37 92.74  28.38 37.37
FEH 200.47 361.92 225.26 494.06 180.96 112.63  439.80 235.22 112.63  299.50 375.52 112.63
G| 192.47 120.80 38.62 272.18 60.40 19.31 272.18 60.40 19.31 272.18  60.40 19.31
EFn 366.35 104.60 9.92  369.01 52.30 4.96 183.18  84.55 4.96 183.18  52.30 4.96
HIX 83.77 7.91 15.51 95.48 3.95 7.76 95.48 3.95 7.76 95.48 3.95 7.76
FiH 130.12  70.87  13.07 172.09  35.44 6.54 172.09 35.44 6.54 172.09 35.44 6.54
filiBk 58.93  26.34 11.71 77.95 13.17 5.85 77.95 13.17 5.85 77.95  13.17 5.85
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B Existing y=0.55 y=0.75 y=0.95
Province City 7J(_*H /N EEP/S 7&*5 /N ESP/S 7J(_*H INAZ EP/N 7]?*3 INGE ES
Rice Wheat Corn Rice Wheat Corn Rice Wheat Corn Rice Wheat Corn
e SaN 59.06  36.65 2.42 78.59  18.32 1.21 78.59  18.32 1.21 78.59  18.32 1.21
K1 58.57  47.82 4.73 84.84  23.91 2.36 84.84  23.91 2.36 84.84  23.91 2.36
fife 4 0.06 0.27 2.22 1.30 0.14 1.11 0.03 1.41 1.11 0.03 1.41 1. 11
] W 69.59 38.99  65.85 34.79 19.49 32.93 34.79 19.49 32.93 34.79 19. 49 32.93
Shaanxi §795 3 28.92  47.05 80.28 14.46  23.53 40.14 14.46  23.53  40.14 14.46  23.53 40. 14
T 0.31 43.22  61.89 0.15 21.61  30.95 0.15 21.61 30.95 0.15 21.61 30.95
e 0.05 59.20 39.08 0.02 29.60 19.54 49. 19 29.60 19.54 13.65 29. 60 19.54
Ji[F Henan =k 0. 60 28.37  20.83 25.20 14.18 10.42 25.20 14.18  10.42 25.20 14. 18 10.42
21| 33.98 657.55 386.006 555.79 328.78 193.03 555.79 328.78 193.03 659.71 224.85  193.03
1% FH 0.60 89.81 66.18 78.59 44.91  33.09 78.59 44.91  33.09 78.59 44.91 33.09
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Fig.3 The total area of existing and optimal crop planting pat-

tern under different credibility levels
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Table 4 Water footprint before and after optimization with different credibility levels x10" m*®
Sl Wity A Existing y=0.55
Province City ﬁﬂ@@ﬂl Eﬂgﬁéiﬂl 77<7J<‘/%Lfﬁ BOKEL Eﬂ(h&ﬂ 1}?7&&‘@
WF, e WF,,. WF,,, WE, .0 WE,,. WF,,,
W4t Hubei 148 28.27 33.51 69. 60 31.99 36. 63 69. 60
ESyiel 164.77 168. 02 345.91 171.12 182.79 345.91
STl 80. 10 79.89 154. 54 79. 69 84.08 154. 54
IR 112.30 114.33 211.18 67.89 70.23 128.48
i 22.41 25. 81 47.08 23.28 26.35 47.08
Bt 50. 03 49.17 94.01 49.13 51.43 94. 01
bk 21.57 22.37 42.59 21.71 23.34 42.59
W 23.64 22.45 43.09 22.88 23.53 43.09
K1 26. 82 24.99 48.80 25.93 26. 43 48.80
T 0.28 0.53 1.12 0.43 0.59 1.12
[P Shaanxi W 47.69 14.80 124.28 23.85 7.40 62.14
L 42.36 13.45 111.33 21.18 6.72 55.67
% 24.52 9.67 75. 11 12.26 4.83 37.56
Y 22.48 14.16 70. 06 31.39 13.24 70. 06
{75 Henan =]k 8.56 12.16 20.77 10.83 12.77 20.77
P FH 226. 84 233. 04 449. 54 301. 88 214.58 449. 54
% B 26.90 38.06 65.32 34. 14 39.98 65.32
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Fig.4 Comparison of existing and optimized system objectives
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