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Study on multi-objective optimization allocation of agricultural
water resources in the middle reaches of Heihe River

ZHANG Yan, GUO Ping” , ZHANG Fan
(College of Water Resource & Civil Engineering, China Agricultural University, Beijing 100083, China)

Abstract With the rapid development of economic in the middle reaches of Heihe River, the water consumption has kept
increasing, which causes a decrease of surface water flow and a serious deterioration of the ecological environment in
the lower reaches. In order to obtain sustainable agricultural water-allocation scheme of the Heihe River basin,a multi-
objective optimization model taking full consideration of the random feature of surface runoff is developed. The model
has three objectives including economic, social and resource, which can be solved by the method integrating analytic
hierarchy process (AHP) and the linear weighting method. The results show that: Comparing with the actual water
allocation scheme, there is 3.358 X 10° m? reduction in the total water consumption,0.380 kg/m® the water productivity
increasement and 3.89 X 10’ Yuan in the water costs. In conclusion, the optimization scheme can not only save irrigation
water and increase crop yield in the study area, but also provide local water resources management department a
reasonable allocation scheme to maintain the sustainable development of agriculture. Additionally, this study can provide
method for managing agricultural water resources in the similar areas.
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Table 1 Precipitation and crop growth monthly data in the middle reaches of Heihe River

S K R/ ¥y ET,/ YEY) 2 %% Crop coefficient
H 1 mm
Month Average pon KHEK  REER  NE BE WA EED
precipitation Average ETo Field corn Seed corn ~ Wheat  Vegetable  Cotton  Oil crop
4 H April 3.74 117. 06 0. 20 0.22 0.30 0. 44 0.07 0.37
5 H May 3.98 150. 17 0. 44 0. 50 1.15 0. 80 0. 60 0. 86
6 A June 20. 14 157.43 0.53 1.16 1. 15 1.00 0. 88 1.03
7 A July 24.96 159. 07 1. 46 1. 20 0.93 0.99 1. 15 1. 05
8 H August 29.96 142.56 1. 14 1. 20 — 0. 57 0.97 0. 64
9 A September 20. 58 100. 90 1.22 0. 60 — 0.55 0.78 —
H:ETo WS HEMHR LB,
Note:ET, is the evapotranspiration of reference crop.
xR2 BAPBEITAEXETERREMBIE
Table 2 Basic data of 17 irrigation areas in the middle reaches of Heihe River
igf; R A HEK RSN KA
HEX NB/TN (kg/hm? ) IR IIEEY i (Jt/m’) (kg/m*)
Irrigation area Population Canal water Field water Management Water
Crop yield per ) o
} use coefficient use coefficient cost productivity
unit area
K i#i Daman 7.65 10 201 0. 65 0. 84 0.053 9 1.73
A Bl Yinke 16. 44 10 395 0.73 0.78 0.049 8 1. 60
P9 Xijun 7.20 12 520 0.67 0. 84 0.061 3 1.76
|+ = Shangsan 4,47 10 097 0.67 0.78 0.082 0 1. 44
9l Anyang 1.43 5 471 0. 65 0.77 0.065 7 0. 85
W FE Huazhai 0. 88 5697 0.62 0. 82 0.162 0 1.62
SEJII Pingchuan 2.02 8 169 0. 65 0. 84 0.036 5 1. 00
M ¥ Bangiao 1.76 8 008 0. 64 0. 80 0.043 4 0.92
M8 % Yanuan 1.14 7 941 0.58 0. 84 0.035 8 0.75
B Liaoquan 1.77 8 187 0. 64 0. 80 0.045 8 1.03
b Shahe 4.08 8 321 0. 81 0. 84 0.045 2 1.12
ZLE ] Liyuanhe 4.25 7 165 0.76 0. 80 0.055 1 1. 20
KUK Youlian 4.71 7661 0.66 0. 84 0.047 7 0.92
7N Liuba 1. 07 6 871 0.70 0. 84 0.059 3 0.90
B4 Luocheng 1. 38 6 526 0.61 0. 80 0.036 1 0.93
Fril Xinba 1.49 6 096 0.67 0. 80 0.053 2 0.95
41 £ F Hongyazi 0.67 6 509 0. 66 0.76 0.068 5 2.03
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Table 3 Compare the results of multi-objective and single-objective optimization

models in the middle reaches of Heihe River

B H AR A Single-objective model

. EASE N i
=R 4N . X .
T Multi-objective 4 22 g7 e U Loy

arget

model Social model Resource model  Economic model

HEBE K & /42 m’ 11.499 11.502 11.499 13.001
Irrigation water
KAy A= 01/ (kg/m®) 1.262 1.313 1. 260 1.139
Water productivity
4K B /A2 m’ 5. 241 5.618 5.228 5.983
Water loss
IR G WA AT 21.498 20.120 21.074 25. 090

Economic net benefit
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Fig. 1 Water allocation results indifferent hydrological years among 17 irrigation areas
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Fig. 2 Water allocation results during April-September under medium flow among 17 irrigation areas
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Table 4 Comparison of water allocation between optimization and

actual results among irrigation areas

,fé m:i

Ak Optimization result

PR (2015 4F) Status quo (2015)

X
Irrigation area ARk oK oK Tk
Surface water Groundwater Surface water Groundwater
K i Daman 1.26 0.03 1.15 0.69
ARl Yinke 1. 46 0.00 1. 07 0.43
Pi % Xijun 1.70 0. 00 1. 60 0. 40
I+ = Shangsan 0.55 0. 00 0.78 0. 00
4 Anyang 0.10 0.12 0.26 0.00
W FE Huazhai 0.03 0.02 0.09 0. 00
S JI] Pingchuan 0.54 0. 00 0.58 0. 10
M AF Bangiao 0.23 0.31 0. 82 0. 04
T 1% Yanuan 0.12 0. 05 0.50 0.09
B4R Liaoquan 0.14 0.12 0. 35 0.08
i Shahe 0.26 0.00 0. 40 0.12
ZLGE W] Liyuanhe 1. 34 0. 00 1. 30 0.15
KBk Youlian 1. 39 0.46 1.72 0. 70
N Liuba 0.15 0. 04 0.14 0.09
B4 Luocheng 0.29 0. 00 0. 38 0.02
Fr il Xinba 0.16 0. 20 0. 30 0. 10
K Daman 0.18 0. 00 0.17 0. 00
Bl Total 9. 89 1. 36 11.61 3.00
®5 BUPEHMRETERARESAUEHNERLR
Table 5 Comparison of indicators between current and optimized results

in the middle reaches of Heihe River

ECE0 et BUIR (2015 4F)
Target Optimization result Status quo (2015)
B K & /{2 m® Irrigation water 11.249 14. 607
KAy A 7= 11/ (kg/m?) Water productivity 1.505 1.125
7K #% F /476 Water-use cost 1. 206 1.595
F K RLES / (OG/m?®) Net water benefit 1. 600 1. 669

OB R 7K S 4w ARG, (H W B K G S PR D T
3.358 ¢ m® , KA A = J3 4 T 0. 380 kg/m’ 54
THAKZA 0. 389 {270, X2k AR fE R 5
SRR A 2 o 2 1 3 S DA K H B bR B AT R B
B #O TR R S A SRR 5k T AR
%5 HAR . T AE S BR B HE R IBUK . o T 3K
ZEVR R AR AR AT Hy e I O £ 1 K L 3 L K i K
FERIR B SRR B A T RESL R R EIK . L. B
S AEIEAT KOG R E P S B Y A B R R
IR BE IR A BRTF A H 45 & e Rk R AT RE I D Al &
Jr X U TR 5 B IR R IR . TR 2 M X AR

K BTHT SR T M DR A A R D/ B S K DL B
1o K3 A2 7 AR THE AR 2K
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AW TEAE FE I3 75 I8 b R A% W 1 BB AL A 5 ik
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2 HARU A I AR T R R T A ke S 5T v 35
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