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Planting structure optimization of main crops in the
middle reaches of Heihe River basin on
dual interval two stage stochastic programming

ZHANG Fan, GUO Ping” , LI Mo
(College of Water Resources & Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract In order to achieve maximum economic benefits under the limited agricultural water resources,a dual interval
two stage stochastic programming model to maximum economic benefit is constructed by considering the uncertainties
in the hydrological factors and the social economy in the planting structure optimization. The dual interval theory is used
to calculate the water resources due to its dual interval uncertain characteristics. This model is applied to the middle
reaches of Heihe River basin including three counties, Ganzhou, Linze and Gaotai in Gansu Province under five
hydrological years (low flow years, partial low flow years, normal flow years, partial high flow years and special high
flow years) . By comparing the model results with the status quo, it is found that the economic benefits of three kinds of
planting structure optimization schemes given by the dual interval two stage stochastic programming model are
increased [[1.97.,8.53],[4.20,11.04] and [6.43,13.56] billion yuan respectively.

Keywords planting structure optimization; dual interval theory; two stage stochastic programming; uncertainty
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Table 1 Water quantity situation of counties of Ganzhou,Linze and Gaotai in different hydrological years
) Y I
HA SR/ EXEEE ok
=N 3 jE=N
IvEs) Incoming water quantity Kk /A /47 m® A AT K 4/
K St e Waer Total fem
7} /0 =D ota
) 4 7 e AR e K Tk released Agricultural
Hydrological year Occurrence 7 7% A 3 2 ; available
: - rom water
probability Yingluo Livuan i round- water
~lyuan river Zhengyi availability
gorge d others water quantity
and others gorge
i 7K AT 5 12.10  [1.66,1.91]  4.81 6.3 [12.27.12.52]  [[7.71.7.93],
Low flow years [8.70,8.92]]
UM KA 20 14.40  [1.85,2.12]  4.81 7.6 [13.46,13.73]  [[8.77.9.01],
Partial low flow years [9.76,10.00]]
oK AR 50 16.39  [2.14,2.85]  4.81 9.5 [13.84,14.55]  [[9.11,9.74],
Normal flow years [10.10,10.73]]
B F KA 20 18.13  [2.34,3.15]  4.81 10. 9 [14.38,15.19]  [[9.59.10.31],
Partial high flow years [10.58,11.30]]
FAKAE 5 21.21 [2.65,3.42] 4. 81 13.2 [15.47,16.24] [[10.56,11.24],

High flow years

[11.55,12.24]]

FRURCH AR Go T AR % 20140070, H N X Il 3 B
EEE 3 M A H R 83,069 J7 AR M IX 52 i i
DLV E N 447 e IR £ 75 5K 400 kg, JE /22 250
kg, £k 100 kg, B2 50 kg, i 5ok a5 5K AR 46
Crr i R £ 8 B O PR A 8 L B R R
AN A 300~500 g, B Kl 25 g CH ol 2 4%
402638 o XF 2009—2014 4F R £ 9y 7= it #E 47 48 3t
JG RN BRSO, i TR O

1 BT SR 50 %6 LA 1 0T BB 43T R M B 2 4 [n) RN AL
SARBERLRY BN ESERIIERBOEE R
507, Hilfim 3 B J2 4 [ il A Ok 8 AR P A
— AR G A E R EOK T 40 Y0 20 A S A A [ i b
TR 40 V0 VE M il FR E K N BR . [R5 R
SRRSO B 2009—2014 4EFTBFSE Y 6 A ik
71 5 LT 2 AU B DX )2 A R B e e 2 R
HM X R & B A IR LR 2.
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Table 2 Main agricultural products status of three counties in 2014
WEEY Grain crop Z 5 AVEY) Economic crop
EiskY — »
T INFE £ S Fok iR B3R il Filr oK
arget
Wheat Tuber crop Corn Oil crop Vegetable Corn for seed

Rl it A/ hm? 13 940. 00 1 993.33 26 680. 00 1 506.67 24 280. 00 46 586. 67
Planting area
5%/ (kg/hm?) 8 439. 33 14 299. 97 8 385. 36 492412 60 547.17 8 006. 46
Yield per unit
By /(TC/kg) [1.80,2.60] [1.90,2.40] [2.20,2.66] [13.00,16.00] [2.50,3.20] [9.71,12.00]
Price per unit
WA/ (G /hm?) 5 850. 00 8 925.00 9 250. 00 4 250. 00 18 250. 00 9 438. 00
Cost
E 2 A/ (m® /hm?) 5 400. 00 6 000. 00 6 900. 00 6 000. 00 8 050. 00 6 900. 00

Irrigation quota
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HWEA/EY) Grain crop Z 5% VEY) Economic crop
iz
Targe iz TER X i i A E K
Wheat Tuber crop Corn Oil crop Vegetable Corn for seed

BT AR IR 35/ (GG /hm®)  [9 340.79, [18 244,94, [9 197. 80,

Net income per unit area

T3 #$/ (Ot /hm?)

Penalty coefficient

HAEY IR R/t

16 092. 25] 25 394.92] 13 055.07]

[15 916. 13, [25 550. 87, [17 599. 63,
22 667.59] 32 700. 86] 21 456.89]

[91 962. 80, [20 517. 30, [72 368.50,

Minimum demand for crops 102 586. 50] 28 504. 60 ] 82 069. 20 ]

[59 763.50, [133117.93, [68 304.71,
74 535. 84] 175 500.95] 86 639.50]

[63 416. 46, [138 018.99, [72 505.62,
78 188.81] 180 402.01] 90 840.41]

[2995.52, [89 865.77, [360 354.38,
3920.10] 149 776.29] 461 538.46]
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Table 3 The main crop planting structure optimization results of three counties hm?*

7K 34 Hydrological year

e S A1 [1) ) .
9 Decision Hik 4R B4R kA B F A
Crop Low flow Partial low Normal flow Partial high High flow
tendency
year flow year year flow year year
. [10 896. 94, [10 896.94, [10 896. 94, [10 896. 94, [10 896. 94,
PRyt _ .
12 155. 77] 12 155. 77] 12 155. 77] 12 155.77] 12 155.77]
N [10 896.94, [10 896. 94, [10 896. 94, [10 896.94, [10 896.94,
BTV _
12 155.77] 12 155.77] 12 155.77] 12 155.77] 12 155.77]
B [10 896.94, [10 896.94, [10 896. 94, [10 896. 94, [10 896. 94,
PRUR: S S .
12 155. 77 12 155. 77 12 155.77] 12 155.77] 12 155.77]
. [1434.78, [1434.78, [1434.78, [1434.78, [1434.78,
A
1993.33] 1 993.33] 1 993.33] 1 993.33] 1 993.33]
WREEY Tuber crop - [1434.78, [1434.78, [1434.78, [1434.78, [1434.78,
o BTV
Grain crop 1 993.33] 1 993.33] 1 993.33] 1 993.33] 1 993.33]
[1434.78, [1434.78, [1434.78, [1434.78, [1434.78,
SR PR SR
1 993.33] 1 993.33] 1 .993.33] 1993.33] 1 993.33]
. [8 630. 34, [8 630.34, [8 630. 34, [8 630.34,  [8630.34,
A
9 787.20] 9 787.20] 9 787.20] 9 787.20]] 9 787.20]
. [8 630. 34, [8 630.34, [8 630.34, [8 630. 34, [8 630. 34,
BT PR
9 787.20] 9 787.20] 9 787.20] 9 787.20] 9 787.20]
[8 630. 34, [8 630. 34, [8 630. 34, [8 630. 34, [8 630. 34,
PR 5

9 787.20] 9 787.20]

9 787.20] 9 787.20] 9 787.20]
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JK C4E Hydrological year
Y 5 i) _ \
i Decision Hik 4 k4 kA AR FoRAE
Crop Low flow Partial low Normal flow Partial high High flow
tendency
year flow year year flow year year
. [608. 34, [608. 34, [608. 34, [608. 34, [608. 34,
5T P ok
796.10] 796.10] 796.10] 796.10] 796.10]
Mg [608. 34, [608. 34, [608. 34, [608. 34, [608. 34,
, T e
Oil crop 796.10] 796.10] 796.10] 796.10] 796.10]
[608. 34, [608. 34, [608. 34, [608. 34, [608. 34,
SR B 3R
796.10] 796.10] 796.10] 796.10] 796.10]
. 2R ¢
Y e 5T e 5 2 992, 34 11 636. 17 14 396. 39 18 318. 80 24 280. 00
Economic e BTEHHRE 3900, 30 12 616. 77 16 952. 49 20 874. 90 24 280. 00
Vegetable
crop SR B 5 4 808. 27 13 597. 38 19 553. 63 24 202. 42 24 280. 00
. [50 972.20,  [50 972.20,  [50972.20,  [50 972.20, [53 254.50,
SR o
57 645.77] 57 645.77] 57 645.77] 57 645.77] 58 910.19]
il b K _
. [50972.20,  [50972.20,  [50998.47,  [51 326.86., [56 082.35.
Corn for FERER O PS
) 57 645.77] 57 645.77] 57 645.77] 57 645.777 61 631.76]
see
[50 972.20,  [50 972.20,  [50998.47,  [51 326.86, [59 779.75,
ESURS o
57 645.77] 57 645.77] 57 645.77] 57 645.77] 64 353.33]
. [75534.92,  [84178.76,  [86938.97,  [90 861.38, [99 104.89,
5T P ok _
85 370.51] 94 014. 347 96 774.56] 100 696.97] 109 093. 16]
A T AR [76 442. 89, [85 159. 36, [89 521. 35, [93 881.78, [102 432.73,
, T e
Total planting area 86 278.47] 94 994, 95 99 353.18] 103 638.787] 112 436. 94
[77 350.85,  [86139.96,  [92096.22,  [96 745.00, [105 630.14,
PR S S _
87 186. 44] 95 975.55] 101 931.81] 106 580.59] 115 780.72]
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QAL BUIRTE B0 T o 5 53 2 Ml X 32 2 5P A
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G SERAR IR . KR T AL AR 2 R
PV R TR 4R . /KB R 5870« i S P AL THD
BRIR B L R, N7 > 38 25 38 Jon ) b 3 K o A e AR
PAF I KA TR A

Ry R R TR 4 A A A B L R 2014 AR AR B
RE AL R IEAT X . A CH R & K 9 IR A it
2014 ) AT 2014 ARG PR ISR K 21,9 42 m? L B8
FIARAEK o XF b PR T 45 44 5 P Ak 45 21 L O 1t
B2014 A 3 o6 AR MO gE X EL 3 A Akt ok
SRR R 4,

R4l O Ak e 38 A 10, BRI AR 09/ 22 il L &
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Table 4 Comparison of actuality year and optimization hm?

L7 BRI 45 PRy PR BTV e IR WL T 3

Crop Actuality year Conservative decision Mean decision Optimistic decision
/N#E Wheat 13 940. 00 [10 896.94,12 155.77] [10 896.94,12 155.77] [10 896.94,12 155.77]
# Tuber crop 1993.33 [1434.78,1 993.33] [1434.78,1993.33] [1434.78,1 993.33]
F K& Corn 26 680. 00 [8 630.34,9 787.20] [8 630.34,9 787.20] [8 630.34,9 787.20]
L Oil crop 1 506.67 [608.34,796.10] [608.34,796.10] [608.34,796.10]
#i% Vegetable 24 280. 00 24 280. 00 24 280. 00 24 280. 00
il 1 £ & Corn for seed 46 586. 67 [53 254.50,58 910.19] [56 082.35,61 631.76] [59 779. 75,64 353. 33]
ST FL/hm® Total area 114 986.67  [99 104.89,109 093.167] [102 432. 73,112 436.94] [105 630. 14,115 780. 72]

Mk 25 /4290 Total benefit [ 69.16,90. 33]

[71.13.98.86]

[73.36,101.37] [75.59,103.89]
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