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Research on dual-interval programming for optimal irrigation
model of three crops in Mingin County, Wuwei City

WANG Hang', GUO Ping'* ., ZHANG Fan'
(College of Water Resource & Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract  Aiming at the uncertainty of rainfall in optimal allocation of agricultural water resources, based on the
traditional interval planning.the theory of dual-interval planning was introduced, and the maximum net benefit of farmers’
planting as the objective function was used, and the combination of surface water and groundwater irrigation
optimization model of crop irrigation water was established in this study. Hong Yashan Irrigation District of Mingin
County, Wuwei City was taken as study object, The results show that the dual- interval programming to optimize
irrigation of crops, wheat, maize, seed melon. The irrigation quotas were: [[ 179.81.191.81],[353.89,365.89]],
[[119.46,141.46],[270.57,292.57]],[[180.04,213.04],[267.49,290. 49]]. Compared to the current situation,
the amount of water saving reached 3% ,27% ,4 % . It was found that the use of dual interval planning not only solved

the problem of irrigation water optimization in irrigation area, but also provided greater decision space for decision

makers and increased the practicability and reliability of the model.

Keywords irrigation water; Jensen model; a dual-interval programming; non-linear programming
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Table 1 Maximum evapotranspiration ETmax and sensitivity index of three kinds of crops at different growth stages
VL ES B 4B B Growth stage
Crop species Parameter 1 3 4 5
I 4y 3 1 03-21—05-21 05-22—6-10 06-11—6-30 07-01—7-30
7N
ET,x 233.95 149. 47 141. 60 156. 60
Wheat
A 0.264 6 0.178 5 0.083 8 0.104 1
ok 4y H 1 04-12—05-21  05-22—06-20 06-21—07-20 07-21—09-18
ET 67.89 113.58 155.91 245. 46 —
Corn
A 0.2219 0.359 7 0.316 2 0.485 5
KL 4y A # 05-02—06-20  06-21-—06-30 07-01-—07-30 07-31-—08-19 08-19-—09-18
ET.x 90. 50 26. 44 126. 39 45, 84 53.59
Seed melon
A 0.085 9 0.030 3 0.096 1 0.064 1 0.042 6
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Table 2 The dual-interval division of effective rainfall in wheat growth period

% F & /mm Rainfall

H IR B Occurrence frequency

HBHE 2 Occurrence probability

TRRF L RF TRRF ‘ LBRF TRRF ‘ L BRF N
S I fi] I fi] I fi] " I fi] I fi] " I fi] AL
H H H H H H
Growth [X. i) [X. i) Single-interval
Lower Upper Lower Upper Lower Upper o
stage Middle Middle combination
limit limit limit limit limit limit
interval interval
interval interval interval interval interval interval
1 [3,6] [34,37] 3 24 0.75 1 0. 25 0.75A+0. 25D
2 [2,4] [24,26] 1 26 0.50 1 0.50 0.50A+0.50D
3 [2,4] [39,41] 4 23 0. 80 1 0. 20 0.80A+0.20D
4 [2,7] [52,57] 4 22 0. 67 1 0.33 0.67A+0.33D

TE:A KR (ayd), D FIRXE (ey0) o Horfria,d 275 XX [EVECT BRI )AL BR 5 1) 3R BRAE 5 ¢ 0 R0 XU ) 20O BR 5 X [a] A L

MR DX ) iy R, R

Note: A is the interval (a,d) ,and D is the interval (¢,b). Where a and d denote the lower limit of the lower interval subinterval and upper

bound subinterval;c and b denote the upper limit of the lower limit subinterval and upper bound subinterval. The table below.
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Table 3

The dual-interval division of effective rainfall in maize growth period

[% T’ /mm Rainfall

HEL R EL Occurrence frequency

H B % Occurrence probability

TIRF R TIRF R TIRF FRRF .
EH B ) ) ‘ rfr ] ) \ rfr ) ) X A4 A
‘ B i B i I i v I i B i v I il o
Growth X ] X ] Single-interval
Lower Upper Lower Upper Lower Upper o
stage Middle Middle combination
limit limit limit limit limit limit
interval interval
interval interval interval interval interval interval
1 [2,4] [31,33] 3 24 1 0.75 1 0.25 0.75A+0. 25D
2 [4,5] [42,43] 1 26 1 0. 50 1 0. 50 0.50A+0.50D
3 [5,10] [42,47] 6 21 1 0. 86 1 0.14 0.86A+0.14D
4 [17,31] [60,74] 6 20 2 0.75 1 0. 25 0.75A+0. 25D
4 FREELEEHEHNERHRXEL S
Table 4 The dual-interval division of effective rainfall in the growth period of seed melon
F& M /mm Rainfall B IR EL Occurrence frequency  H ML Z Occurrence probability
TIRT LIRF TIRT FBRF TIRT LFRRF .
EHBTE X 1] X 1] X 1] e X 1] X 1] i IX. i) HRAE
_[A _[A _[A A 4L A
Growth X [d] X [d] Single-interval
Lower Upper Lower Upper Lower Upper o
stage Middle Middle combination
limit limit limit limit limit limit
interval interval
interval interval interval interval interval interval
1 [5,10] [39,54] 4 19 5 0. 44 1 0.59 0.44A+0.59D
2 [1.2] [14,15] 4 23 1 0. 80 1 0.20 0.80A+0.20D
3 [2,7] [52,57] 4 22 2 0.67 1 0.33 0.67A+0.33D
4 [4,8] [32,36] 7 20 1 0. 88 1 0.12 0.88A+0.12D
5 [6,14] [27,35] 6 14 8 0.43 1 0.57 0.43A+0.57D
AR B G T AE S 20150 LA (LT I HE X 0.26 J6/m® . 3 B /K I T 2 %5 0. 855 1 45 HEE Ik 1/ Sk

K B TR TR ) A5 3 Y M 2 K K

0.24 Jo/m’ . BEBE K FI 2 K 0. 555 T KK A

AR SR AT B 1L X M 32 K Sk K W6 650,
7290107 m® AEYFPAEAE B LN WL 5.

RS IMIEPHEFERME

Table 5 Planting information and price of three kinds of crops
YEYIFI F K8 Yo/ (kg/hm”) ke T A/ hm® i/ Gt/ k)
Crop species Maximum yield Planting area Price
/NFZ Wheat 8 136.08 [4 026.00,4 428.00] [2.40,2.70]
F K& Corn 12 247.91 [8 682.00,9 552.00] [2.60,2.80]
¥FJK Seed melon 3078.08 [786.00,864.62] [8.00,9.00]
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Table 6 Optimized irrigation quota in different growth stages of three crops mm
CL S
i(}?ozlti} friziéion hE X LA
Wheat Corn Seed melon
stage type
' I [63.9,78.1] [80.0,83.0] [19.3.21.3] [11.2,13.2] [35.5,39.4] [45.5.60.5]
e [58.8,47.6] 0 [14.0,14.1] 0 [36.0,37.1] 0
) I [44.4,50.4] [48.7,50.7] [33.7.37.1] [28.6.29.6] [10.9,11.5] [14.1,15.1]
I [33.9.30.9] 0 [24.7,20.3] 0 [10.9.11.3] 0
) I [40.9,46.9] [30.0,32.0] [45.3.53.7] [31.0.36.0] [54.3,58.0] [82.0,87.0]
e [33.0,29.0] 0 [30.4,29.1] 0 [52.5.53.8] 0
, I [45.4,50.4] [21.3.26.3] [64.8.71.4] [48.7.62.7] [16.6,19.0] [14.4,18.4]
I3 [33.7,33.7] 0 [39.2,46.0] 0 [16.7,18.3] 0
_ IR [17.1,24.6] [24.0,32.0]
i e [17.1,17.6] 0
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Fig.1 Comparison of irrigation quota with actual irrigation quota in Minqin county of

Wuwei city after optimization
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