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Evaluation of irrigation water use efficiency based on method set
and DEA model in Heilongjiang Province

LIANG Jingxi', ZHANG Ankang',XU Yaowen®, LI Chenyang’
(1. College of Economics Management, Harbin University of Science and Technology, Harbin 150000, China
2. College of Water Resources and Civil Engineering, Northeast Agricultural University, Harbin 150000, China)

Abstract; In order to comprehensively and scientifically evaluate the utilization of agricultural irrigation water
in irrigation areas, using DEA model as a comparative reference, two indicators, canal system, and field, were se-
lected to rank and calculate the water use efficiency in 20 irrigation areas in Heilongjiang Province. The main con-
clusions were as follows: The sequencing results of 20 irrigation districts evaluated by the method set model were all
tested by Spearman test, which solved the problem of inconsistent results of different evaluation methods and was
consistent with the sequencing results obtained by DEA model. The results of method set model showed that the effi-
ciency values of Fuyu, Yongfa, Anbang River, Longtou Bridge, and Shilong irrigation districts were lower and their
efficiency values were 0.58, 0.55, 0.54, 0.51, and 0.45. The average correlation between irrigation water use effi-
ciency and canal system efficiency was 1.779, and the average correlation between irrigation water use efficiency
and field efficiency was 1.229, which was greatly affected by the water use efficiency of canal system, but the field
water efficiency was less affected. In order to reduce the loss of irrigation water in the water supply and distribution
links of canals, measures such as lining of canals, rational planning of canal system layout and water saving meas-
ures such as controlling irrigation technology, spraying and dripping irrigation can be adopted to improve the effi-
ciency of irrigation water use.

Keywords: method set model; DEA model; irrigation water use efficiency; comprehensive evaluation; Hei-
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Matching rate of irrigation area project
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Fig.1 Evaluation indicator system of irrigation

water use efficiency
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Table 1

Meanings of evaluating indicators for

irrigation water use efficiency

FACES £
Influence factor Meaning
P LTES FEIIRSE i S K S TE Y ]

Lining rate of

canal system

X TRSEIR
Intact rate of irrigation
area project

X TRRER
Matching rate of
irrigation area project

R AL
Structural complexity of
canal system

TR T AR L
Water saving irrigation
area ratio

T [f9% Y

Field leakage

K W AR LA

Paddy area ratio

IR L

Evapotranspiration ratio

Proportion of lined canal to total water con-
veyance canal

AR TR 5 AT Y L2

Proportion of projects in normal operation

WA LA RCE TR 2
Ratio of existing projects to supporting pro-
jects

EH S PBCRIEE B K E RS TR
AREMILE

Ratio of the product of the number of channel
grades and the total length of the channel to
the total length of the main channel

R T AR B BB A R T Y
S

Ratio of irrigation area adopting water saving
technology to total irrigation area

T [R5 I K 4

Total amount of field leakage during irrigation
7K EE R TR TR 7 A TR TR AR LE

Ratio of irrigated area of paddy field to total
irrigated area

PRIZR A B SR I 2 1
The ratio of evaporation between trees to
crop transpiration
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Fig.2 Evaluation system based on method set model
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Table 5 Evaluation score of single evaluation method

X 4B N T A2 W 4% B % e MO LE O PR SEXT o BT A
Name of Artificial neural network Principal component analysis ~ Fuzzy comprehensive evaluation Set pair analysis model
irrigation district 5.4} Score HEF Sort 184y Score HEF Sort 1843 Score HEF Sort 184¥ Score HEF Sort
24k Xingbei 92.89 1 335.39 1 83.71 1 22.99 1
BIH Zhaoyang 91.02 2 326.02 2 82.11 3 22.45 2
LIS Honggiling  90.85 3 318.83 3 82.77 2 20.81 3
W Nenan 90.42 4 310.62 5 82.01 4 20.33 4
Rl Songjitun 86.24 5 311.36 4 81.55 5 19.55 5
FLLIF Tuanshanzi  84.36 6 240.63 6 81.33 6 19.15 6
BIR Xincheng 81.88 7 240.23 7 81.11 8 15.33 9
B4 Xinan 80.21 8 237.56 8 81.12 7 17.33 8
Hi#l Zhonghe 80.01 9 231.46 9 81.10 9 18.88 7
7% Hedong 78.74 10 220.02 11 80.66 10 14.77 10
/NATE Xiaohekou — 76.77 11 227.18 10 80.66 11 13.99 11
AE41 Huahu 76.52 12 196.87 12 79.01 15 13.22 12
1=F Lianfeng 76.04 13 195.20 13 80.12 12 12.88 13
£k Xinghuo 74.72 14 178.15 14 79.88 13 12.66 14
MPH Shuangyang 69.02 15 131.87 16 79.77 14 12.11 15
HH# Fuyu 66.65 16 111.77 17 78.12 16 5.66 17
% Yongfa 66.58 17 161.86 15 78.11 17 11.33 16
IR Anbanghe 65.23 18 100.36 18 76.71 20 4.89 18
Je3kHF Longtougiao  64.98 19 94.78 19 77.10 18 4.78 19
£iJ¢ Shilong 63.72 20 79.99 20 77.02 19 1.66 20
*o AFGTEMBNEHEF
Table 6 Scorings and rankings of combinational evaluation method
PPIRE e i st il A LT BOR B DA WAONRI D B A BUR B KK B k£
ethod  XB O ZY HQL NN SJT TSz XC XA ZH HD XHK HL LF XH SY FY YF ABH SLQ SL
BHCFY
Arithmetic 1 2 3 4 5 6 8 7 10 11 13 12 14 15 16 17 18 19 20
ElVﬂI‘Elgﬂ
Borda 1 2 3 4 5 6 8 7 100 11 13 12 14 15 16 17 18 19 20
Copeland 1 2 3 4 5 6 8 7 100 11 13 12 14 15 16 17 18 19 20
mk 6 s, HETF 445 R HEP 25 38— R EBAKYRREREHF
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Table 7 Sorting of correlation degree of irrigation

water use efficiency

HEX 2R
Name of

irrigation district

HRIRBORKRIRE
Correlation degree of water
efficiency of canal system

HI TR A SR R
Correlation degree of
field water efficiency

W4 Hedong
B4 Xinan
2 K Xinghuo
Je3kAfF Longtougiao
LFR Anbanghe
ARE Songjitun
244t Xingbei
B A Fuyu
WIH Shuangyang
#1111 Tuanshanzi
K& Yongfa
fF il Zhonghe
Hriak Xincheng
R4 Nenan
B Lianfeng
A7 Shilong
21 J#E0s Honggiling
424" Hualu
#]FH Zhaoyang

2.33
1.40
1.80
2.04
2.11
2.00
0.71
3.00
2.16
0.87
2.56
2.33
1.55
1.00
1.18
2.68
1.67
1.26
1.00

1.29
1.29
1.77
1.97
1.40
1.22
0.60
1.19
1.67
0.50
1.59
0.87
1.08
1.15
1.30
0.76
1.40
1.48
0.71
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Table 8 DEA model efficiency values and order

o< KA Her¥

Region Efficiency value Order
24t Xingbei 1 1
HIFH Zhaoyang 1 2
21y Honggiling 1 3
M Nenan 1 4
KA Songjitun 0.96 5
P 1L Tuanshanzi 0.94 6
ik Xincheng 0.91 8
Hr4é Xinan 0.92 7
HiA Zhonghe 0.82 9

¥ %% Hedong 0.76 10
/N[ Xiaohekou 0.74 11
A% Hualu 0.7 13
= Lianfeng 0.72 12
A K Xinghuo 0.69 14
WA Shuangyang 0.67 15
W Fuyu 0.58 16
Tk Yongfa 0.55 17
ZFR Anbanghe 0.54 18
e HF Longtougiao 0.51 19
)¢ Shilong 0.45 20
HJ{H Mean value 0.78 -
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