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Optimal Water Allocation of Irrigation District Based on Interval-parameter
Two-stage Stochastic Fuzzy Credibility Constrained Programming

YUE Qiong' GUO Ping' WANG Youzhi' ZHANG Chenglong' LI Peng’
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Abstract; Due to the rapid development of urbanization and industrialization, the consequent increasing
conflict between limited water resources and increased water demands gradually led to unsustainability of
water resources utilization in an irrigation district. Therefore, it is crucial to optimize the water allocation
to alleviate water shortage and promote the sustainable development of irrigation district. Taking Zhanghe
Irrigation District in Hubei Province as an example, an interval-parameter two-stage stochastic fuzzy
credibility constrained programming was developed for optimal water allocation. In the model, the
maximal system benefit was regarded as the objective function. To reflect the multiple uncertainties, fuzzy
variables, discrete intervals and probability distributions were introduced into the model framework. To
address the fuzzy risk problems associated with the violation constraints, fuzzy credibility constrained
programming was integrated into the interval-parameter two-stage stochastic programming model.
Meanwhile, several credibility significance levels were given to examine the system failure risk. Optimal
allocation schemes were obtained in the combination of different credibility levels (A ), inflow levels and
fuzzy membership levels (). The results indicated that the water inflow was positively related to the
water resources allocation and agricultural irrigation areas; water and irrigation area allocation to all
divisions were increased with the decrease of credibility level, which resulted in system benefit’s
expansion coupled with high violation risk. When A was 1.0, the system benefit range was [ 0. 741,
1. 147 ] billion CNY, and when A was set as 0. 8, the system benefit reached [ 1. 026, 1.325 ] billion
CNY; with the increase of the «a level, the system fuzzy feature was weakened, consequently the upper
limit of the system benefit was gradually decreased and the lower limit of the system benefit was increased
conversely ; and the proposed model preferred to avoid high violation risk rather than purse high economic
benefit impractically to some extent. The corresponding optimal results were helpful for managers to

coordinate the conflict-laden water use issues, formulate reasonable allocation schemes, and achieve

Wk H . 2018 —10—-18 & H #. 2018 —11 —20

EETA : 85 F 0% 0150 H (2017YFC0403201)

TEE WA EB(1996—) , Lo Wi, 8 R B i 2 PF A Ml K - Ve A J2 ¥ B 55 , E-mail s yueq@ cau. edu. en

B S0 (1963—) , Jr, BObE , WA S0, 8 K VDAL 55 75 T K 53 7 K e 8 3 R SE 58 , E-mail : guop@ cau. edu. cn



% 43

T A T XA T B BRSO AT {5 1 24 RO 2 4 3 XK 98 YRS 229

efficient utilization of water resources. Compared with the other optimal allocation in Zhanghe Irrigation

District, the research had advantages as following: multiple uncertainties were considered and represented

by proper mathematical methods; the tradeoff of system benefit and violation risk was reflected ; multiple

allocation schemes were provided under different scenarios; several engineering and non-engineering

measures were suggested for sustainable development of Zhanghe Irrigation District; the analysis method

and the model framework can also be applied to other similar regions.

Key words: water resources; optimal allocation; Zhanghe Irrigation District; interval-parameter two-

stage stochastic programming; fuzzy credibility constrained programming; uncertainty
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Tab.1 Non-agricultural water distribution targets and economic parameters
w7 M FEH/ (um ) TR/ (t-m ™) Pk Ak H b5/ m®
i (12.82,13.79,14.06) (38.05, 41.36, 43.43) [6.55x107, 8.01 x107]
Tk (4.25,4.62,4.75) (13.29, 13.85, 14.26) [5.00x107, 6.11 x107]
A (0.95, 1.01, 1.03) (2.88,3.03, 3.15) [9.39 %107, 1.15 x10%]
% H (0.04, 0.05, 0.05) (0.14,0.15, 0. 15) [5.41 x10%, 6.61 x10°]
x2 BERUSXHEREDRAERBEIEFESH
Tab.2 Agricultural irrigation area distribution targets and economic parameters
srIX i F A/ (Ot-hm ?) HES R B/ (Ot -hm ?) U 0 i A E AR/ hm
3017 (140. 61, 152.83, 157.42) (440. 16, 458.50, 472.26) [56 772.28, 69 388.35]
36 (183.30, 195.00, 198.90) (555.75, 585.00, 608.40) [6156.03, 7524.04]

B (107.07, 115.13, 117. 44)

(317.77, 345.40, 362.67)

[5904.03, 7 260. 04 ]
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Tab.3 Water utilization efficiency coefficient of agricultural divisions

Ei=k D AT Fh M T i
W K R 2 8 [0.60, 0.66] [0.61, 0.67] [0.60, 0.66]
WRIKHFIH R B [0.86, 0.95] [0.78, 0.86] [0.91, 0.96]

x4 AHAERBEHF
Tab.4 Total available water and probability distribution

WRAT
HE(h=1) 0.16
fF(h=2) 0.22
Hi4(h=3) 0.24
ikt (h=4)  0.25
Fihli(h=5) 0.13

Ak i /m?

(1.07 x10°, 1.25 x10°, 1.52 x 10°)

(7.55 x10%, 8.42 x10%, 1.06 x10°)
(5.38 x10%, 6.37 x10%,7.08 x 10%)
(3.20 x10%, 4.34 x10%, 5.29 x 10*)
(1.81 x10%, 2.37 x10%, 3.12 x 10*)
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Tab.S Optimal water allocation targets under different credibility levels

- RIALY SERTAY
A=1.00 A=0.95 A=0.90 A=0.85 A=0.80 A=1.00 A=0.95 A =0.90 A=0.85 A =0.80
g 0.33 0.33 0.33 0.33 0.33 7.278 x107  7.278 x107  7.278 x 107 7.278 x 10" 7.278 x 10’
Talk 0.33 0.33 0.33 0.33 0.33 5.556 x 107 5.556 x 107 5.556 x 107  5.556 x 107 5.556 x 107
EE 0 0 0 0 0 9.914 x107  9.914 x107 9.914 x 10" 9.914 x10” 9.914 x 10’
RH 0 0 0 0 0 5.709 5 x 10® 5.709 5 x 10% 5.709 5 x 10* 5.709 5 x 10* 5.709 5 x 10®
x6 AEFAEEHEEKETHRUERERERER
Tab.6 Optimal irrigation area allocation targets under different credibility levels
K Zjopt Ak I T AR H AR/ hm®
A=1.00 A=0.95 A=0.90 A=0.85 A=0.80 A=1.00 A=0.95 A =0.90 A =0.85 A =0.80
i 0 0 0 0 0 56 772 56 772 56 772 56 772 56 772
I T 0 0 0 0 0 6156 6156 6156 6156 6156
4B 7 0 0 0 0 0 5940 5940 5940 5940 5940
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Fig. 1 Non-agricultural water allocation and water

shortage under different inflow levels(a =0.8,8=0.9)
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Fig.2  Agricultural irrigation area allocation and area

shortage under different inflow levels(a =0.8,8=0.9)
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