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Multi-objective optimal allocation of generalized water resources
in irrigation district under uncertainty

YUE Qiong,GUO Ping, TANG Yikuan,ZHAO Min
( Center for Agricultural Water Research in China, China Agricultural University, Beijing 100083, China)

Abstract; To address complexity and uncertainty existed in agricultural water resources allocation system, a
fuzzy credibility-constrained stochastic multi-objective programming model for optimization of agricultural water re-
sources allocation was developed, with the objective to balance agricultural profit and green water utilization ratio.
The model was applied to Zhanghe Irrigation District to optimally allocate irrigation water to rice in different sub-ar-
eas under different time periods in different hydrological years (wet year, normal year, and dry year). Weight sce-
narios of objectives were set as (0.5, 0.5),(0.75, 0.25), and (0.25, 0.75), and credibility levels were set as
0.5,0.6,0.7,0.8,0.9,and 1.0. According to flexible optimal agricultural water allocation schemes, it can be sum-
marized as: green water utilization ratio of planning schemes were all above 0.835, and system net economic benefit
was up to 14.153%10° yuan ; multi-objective programming model performed well in balancing social-economic devel-
opment target and water resources conservation goal; optimal results can trade off system benefit and constraint vio-
lation risk; the model framework and solving method can apply to other similar regions to guide sustainable agricul-
tural water resources management.

Keywords: agricultural water resources; optimization allocation; uncertainty; fuzzy credibility-constrained

programming ; stochastic multi-objective programming; Zhanghe Irrigation District
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Table 1 Basic data during different crop growth stages
SYEENT ZRREMT AhEEMT 3L
fabr Tillering  Booting  Heading Milky
Index 05-21— 07-02— 07-22— 08-09—
07-01  07-21  08-08  08-24
RS %
7Kﬁﬁih ‘.}Hﬁ.& 0.179 0.450 0.674 0.097
Water sensitivity index
ki 186 13 106 87
Crop water demand
K2 55 TR/ mm
Maximum water 50 30 30 30
layer depth
K2 RARTR BE/ mm
Minimum water 10 0 0 0
layer depth
8] U
H [8]%2 i/ mm 4 20 18 16
Water loss
YEYIIR K1/ (kg + hm™)
9450

Potential crop yield

R2 AREIKXFBFEKRKERAHKE
Table 2 Precipitation and reservoir water availability in

different hydrological years

EiFL7N FKAE TFIKAE 7K A

Index Wet year  Normal year  Dry year

SrBEW] Tillering 317.07 178.79 68.19

[K/mm 2P Booting  228.69 109.58 41.19
Precipitation Il Heading 148.36 59.92 12.81
FLA Milky  127.44 43.62 9.42

AARIK PE Tk
Annual available reservoir
water * /10%m?
o KUK IR = A (a, a4y ,a5) ,a; /D
ATREH, ay AT, a5 AEKATRE(E,

Note: * Annual available reservoir water is expressed as triangular

(229, 251, (2.85,3.02, (223,249,
2.76) 332) 2.74)

fuzzynumber (a, ,a,,ay), where a, is the least possible value; a, is the

middle value, and a; is the highest possible value.
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Table 3 Basic data for each agricultural division

Ei=taN FI I FANTT MPHTT
Index Jingmen Jingzhou Dangyang
FiAE TR
1
Planning area/hm> 75419 7040 6330
KPR
IKAFIA Reservoir 0.67 0.66 0.65
&S water
Water use  [NE/KIE
efficiency Internal 0.83 0.83 0.83
water
PR K IR K AR

(77591, 86213, (4232, 4702, (11475, 12751,
u83) 5172) 14026)

Internal water

storage area * /hm’

T PIEROKIRAE K 1 AU R O = SEMI R (a, , ay,ay) , HEHF
a; Fi/NATREH @y AP, ay KA RESE

Note: * Internal water storage area is expressed as triangular fuzzy-
number (a,,a,,ay), where a, is the least possible value; a, is the mid-

dle value, and aj is the highest possible value.
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Fig.1 Optimal objectives under different weights scenarios
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under different hydrological years (scenario 1, A =1)
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Fig.3 Optimal water allocation results under different

hydrological years (scenario 1,A=1)
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Table 4 Results of different optimization models (A=1)
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KR/ (m® -« kg™)
Water footprint
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Blue water footprint
SOk (' - kg
Green water footprint
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utilization ratio
ey S vl v
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1.126 1.555 1.393 1.377 1.555
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