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5 2000 2008
DEA DMU
n DMUD, =12,.,n
1 [21]
1.1 cc > cc » 2[22-23]
40°19" 41°18' N
106°20' 109°19' E DEA
3 DMU 50% DMU
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i=1
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ZUryrk
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DEA s
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ZVinj
DMU DMU <
ur=0, r=12,..,s
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DMU [ CCR
5 2000 2008 45 DMU
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1 =1 §=5§=0 D« DEA t t
t
2 0=1 § 20 § =0 Dy > 5
DEA + <DMU 12 DEA
3 <1 Dy DEA
Dy [25]
DEA
. oA . P(4.17—0.02P)/4.17 P <83
X = 0%, -5 F= 6
4 41.7+0.1P P=83
* — §+
Yo=Yo & Pe mm P
(XS, yg) (XO’ yo) mm
DEA
CCR
1 DMU DEA DMU
24 =1 0 2
j=1
b BCC 2.1
min 5—5{Zsi+Zs:H CCR
[ = r=1 5 2000 2008
st D A% +S =%, i=12..m ! BCC
j=1
n A r= =12 5 2
JZ; o =5 = FER58 1 2000 2008
1j =1, J =12,..,n Table 1 Technology efficiency for agricultural production of
j=1 counties in Hetao irrigation during 2000-2008
Si_’S: =0, i =12..,m r=12..s Year Dengkou  Hanghou Linhe Wuyuan Qiangi
2000 1.000 0.883 1.000 0.772 0.897
BCC DMU
2001 1.000 0.910 0.899 0.827 0.764
0 o=1 o<1 BCC
2002 0.922 0.713 0.744 0.756 0.679
DEA 2003 0.975 0.785 0.956 0.794 0.712
y=6l0 v =1 2004 0.939 1.000 0.949 1.000 0.848
y<1 CCR BCC 2005 1.000 1.000 1.000 1.000 1.000
DMU 0 2006 1.000 1.000 1.000 1.000 1.000
o Y 2007 1.000 0.968 1.000 1.000 1.000
1.3 2008 1.000 1.000 1.000 1.000 1.000
0.982 0.918 0.950 0.905 0.878
[24] Average
m® m®
hm? 50% DMU 24 DEA
hm? DMU
5
t t DMU
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32 24 DMU 71.11% 53.33%
2
2005 2008
0=0.05 2005 2008
2000 2004 0.220
0.170 0.134
0.090 0.033 4
5 0=0.05 DMU
0.878 2005 2008
0.9
45 DMU
2 2000 2008
Table 2 Pure technology efficiency and scale efficiency for agricultural production of counties in
Hetao irrigation during 2000 2008
Pure technology efficiency Scale efficiency
Year
Dengkou  Hanghou Linhe Wuyuan Qiangi Dengkou Hanghou Linhe Wuyuan Qiangi

2000 1.000 0.891 1.000 0.780 1.000 1.000 - 0.991 1 1.000 - 0.990 T 0.897 v
2001 1.000 0.911 1.000 0.846 0.935 1.000 - 0.999 1 0.899 1 09771 08171
2002 0.959 0.723 0.755 0.782 0.917 0.961 1 0.986 1 0.985 1 0.967 T 0.741 1
2003 1.000 0.792 1.000 0.820 1.000 09751 09921 0.956 L 0.968 1 0.712 1
2004 1.000 1.000 1.000 1.000 1.000 0.939 1 1.000 - 0.949 1 1.000 - 0.848 v
2005 1.000 1.000 1.000 1.000 1.000 1.000 - 1.000 - 1.000 - 1.000 - 1.000 -
2006 1.000 1.000 1.000 1.000 1.000 1.000 - 1.000 - 1.000 - 1.000 - 1.000 -
2007 1.000 0.998 1.000 1.000 1.000 1.000 - 0.969 L 1.000 - 1.000 - 1.000 -
2008 1.000 1.000 1.000 1.000 1.000 1.000 - 1.000 - 1.000 - 1.000 - 1.000 -

Average 0.995 0.924 0.973 0.914 0.984 0.986 0.993 0.977 0.989 0.891

- l

Note: 1 means the DMU is operating in an area of increasing returns to scale; —means the DMU is operating in an area of constant returns to scale; | means the
DMU is operating in an area of decreasing returns to scale.

2.2
DEA DMU
3 7
3 DEA DMU
Table 3 Changing value and changing proportion for blue water volume of DEA-ineffective DMU
Changing value/(10° m®) Changing proportion/%
Year
Dengkou Hanghou Linhe Wuyuan Qiangi Dengkou Hanghou Linhe Wuyuan Qiangi
2000 - 2.17 - 3.38 0.56 - 16.58 - 23.46 10.29
2001 - 1.12 111 2.38 1.09 - 8.98 12.75 17.35 23.70
2002 0.49 3.57 3.29 3.43 1.52 7.81 28.71 35.29 24.38 32.15
2003 0.12 222 0.33 2.36 0.96 2.55 21.45 4.39 20.61 28.78
2004 0.32 - 0.50 - 0.66 6.04 - 6.19 - 15.18
2007 - 0.36 - - - - 3.24 - - -
Average 0.31 1.89 1.31 2.89 0.96 5.47 15.79 14.66 21.45 22.02
€.z DMU DEA

Note: “-” means DMU is DEA-effective, consequently, the values for changing value and changing proportion are zero.

3

21 DEA DMU 12 1 m
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2002 357 m° 2003 21.45%
21 DMU 012 m 4 DEA 2004
3.41% DMU 001 m 2002
2/3 DMU 093 m
10%
2002 2003 50%
0.34 2007
0.41 22.02% 3.12%
a=0.05
8% 40%
1/3
4 DEA DMU

Table 4 Changing value and changing proportion for green water volume of DEA-ineffective DMU

Changing value/(10° m®) Changing proportion/%

Year

Dengkou Hanghou Linhe Wuyuan Qiangi Dengkou Hanghou Linhe Wuyuan Qiangi
2000 - 0.07 - 0.56 0.07 - 12.16 - 48.53 10.86
2001 - 0.05 0.10 0.29 0.50 - 9.26 10.40 24.06 41.97
2002 0.04 0.24 041 0.93 0.37 12.62 28.96 27.64 51.25 31.89
2003 0.02 0.20 0.05 0.71 0.76 6.97 21.79 4.46 33.42 51.57
2004 0.01 - 0.05 - 0.30 6.44 - 4.72 - 24.66
2007 - 0.03 - - - - 312 - - -

0.02 0.12 0.15 0.62 0.40 8.68 15.06 11.81 39.31 32.19
Average

Rt DMU DEA

Note: “-” means DMU is DEA-effective, consequently, the values for changing value and changing proportion are zero.

5 DEA DMU
[0 1.00] hm? DEA 1/3
2002 2004 2000 2003
05 hm?

30%

5 DEA DMU
Table 5 Changing value and changing proportion for irrigation areas with salinization problem of DEA-ineffective DMU

Changing value/(10* hm?) Changing proportion/%

Year

Dengkou Hanghou Linhe Wuyuan Qiangi Dengkou Hanghou Linhe Wuyuan Qiangi
2000 - 0.16 - 0.26 0.87 - 11.71 - 22.80 38.93
2001 - 0.12 0.33 0.20 0.63 - 9.00 10.13 17.34 28.05
2002 0.01 0.40 0.84 0.28 0.72 7.90 28.75 25.63 24.39 32.09
2003 0 0.30 0.40 0.24 1.00 2.59 21.47 12.08 20.61 44.67
2004 0.01 - 0.72 - 0.43 6.16 - 21.77 - 19.34
2007 - 0.04 - - - - 3.22 - - -

0.01 0.20 0.57 0.25 0.73 5.55 14.83 17.40 21.29 32.62
Average

ce.z2 DMU DEA

Note: “-” means DMU is DEA-effective, consequently, the values for changing value and changing proportion are zero.
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6 DEA 2003 50% DEA DMU
6.09 hm’ 20% 2003
2007 0.37 43.35%
hm?
6 DEA DMU
Table 6 Changing value and changing proportion for irrigation areas without salinization problem of DEA-ineffective DMU
Changing value/(10* hm?) Changing proportion/%
Year
Dengkou Hanghou Linhe Wuyuan Qiangi Dengkou Hanghou Linhe Wuyuan Qiangi
2000 - 1.47 - 4.48 0.60 - 11.70 - 25.87 10.28
2001 - 1.96 0.85 3.00 1.86 - 15.24 10.14 17.32 32.67
2002 0.51 3.66 2.15 4.23 1.95 8.36 28.74 25.64 24.45 34.11
2003 117 4.07 1.20 6.09 221 20.73 33.17 14.30 35.90 43.35
2004 0.89 - 0.43 - 0.94 15.60 - 5.07 - 18.08
2007 - 0.37 - - - - 321 - - -
0.86 231 1.16 4.45 1.51 14.90 18.41 13.79 25.89 27.70
Average
“e.z= DMU DEA
Note: “-” means DMU is DEA-effective, consequently, the values for changing value and changing proportion are zero.
7 DEA 2002
2003 2004 2003 2004 DEA
1 2000 2003 39.58%
5
7 DEA DMU
Table 7 Changing value and changing proportion for agricultural labor of DEA-ineffective DMU
Changing value/(10* person) Changing proportion/%
Year
Dengkou Hanghou Linhe Wuyuan Qiangi Dengkou Hanghou Linhe Wuyuan Qiangi
2000 - 1.89 - 2.61 5.27 - 15.90 - 22.82 42.01
2001 - 1.73 1.59 2.34 4.78 - 14.36 10.11 19.46 38.48
2002 0.58 3.53 3.86 3.24 4.89 13.25 30.03 25.62 27.17 40.50
2003 0.81 3.73 0.63 3.90 6.00 20.36 32.38 4.43 32.93 51.20
2004 0.62 - 0.69 - 2.92 17.04 - 5.07 - 25.72
2007 - 1.27 - - - - 11.35 - - -
0.67 2.43 1.69 3.02 4.77 16.88 20.80 11.31 25.59 39.58
Average
hatid DMU DEA

Note: “-” means DMU is DEA-effective, consequently, the values for changing value and changing proportion are zero.

DEA 271
DEA DMU 5
16.66% 22.23% 19.46%
20.66%
23.82%
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3
5
2000 2008
45 DMU 24 DEA
2005 2008
0=0.05 0=0.05
0.878
0.9
21 DEA
DMU 5 16.66%
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Assessment of agricultural productive efficiency for Hetao Irrigation
District based on data envelopment analysis

Liu Jing™%®, Wu Pute'?® | Wang Yubao?, Zhao Xining®3, Cao Xinchun®2, Sun Shikun??

(1. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China;
2. Institute of Water Saving Agriculture in Arid Regions of China, Yangling 712100, China;
3. National Engineering Research Center for Water Saving Irrigation at Yangling, Yangling 712100, China)

Abstract: The assessment of agricultural production efficiency of Hetao irrigation district of Inner Mongolia, an
important agricultural production area of China, is of great significance in guaranteeing national food security.
Much attention has been paid to blue water (surface and groundwater), while the use of green water (rainwater
insofar as it does not become run-off) is rarely included in the agricultural production analysis. Compared to blue
water, the cost of green water is less, but its environmental impact is concerned . Consequently, this paper
analyzed agricultural productive efficiency of five counties in the Hetao irrigation district during 2000-2008 using
data envelopment analysis (DEA) by considering blue water, green water, and other indicators. First, the
technology efficiency, pure technology efficiency, and scale efficiency were analyzed combining CCR-I and
BCC-1 models and then some suggestions about how to adjust the amount of input resources were provided for
ineffective decision making units (DMU). Results show that: among the 45 DMUSs, there were 24 DMUs that
were DEA-effective. The values of technology efficiency, pure technology efficiency, and scale efficiency of five
counties during the period of 2005-2008 were greater than those during the period of 2000-2004. The differences
of technology efficiency in different counties were not significant and the value for Qiangi (0.878) was smaller
than the other four counties, which were larger than 0.9. The agricultural productivity efficiency of Qianqi was
mainly influenced by production scale and it was the application of technology for Hanghou and Wuyuan. In
order to be DEA-effective, the inputs of 21 DMUs should be decreased and the decreasing proportions were
16.66% (blue water), 22.23% (green water), 19.46% (irrigation areas with salinization problem), 20.66%
(irrigation areas without salinization problem) and 23.82% (agricultural population). The use of different
resources was inefficient and would have an adverse effect on the development of the irrigation district. To some
extent, the redundancy of water and land resources in agricultural production may be related to the characteristics
of green water. The rainfall in the Hetao irrigation district was uneven both temporally and spatially. Local
farmers would increase the use of blue water and land resources when they were not sure about the amount of
green water that the crops could use to achieve a better harvest. As a result, the use efficiency of blue water and
land resources would decrease when the grain production was lower than the expectation value, which was mainly
caused by the litter rainfall. The use efficiency of green water would decrease when the expectation green water
was larger than actual value. In the future, the rational distribution of labor among agricultural production and
other industries would be helpful in achieving a more effective agricultural production pattern for the Hetao
irrigation district. Besides, the improvements of irrigation frustration and land resources management were also
needed for the Hetao irrigation district. hift of cropping pattern to crops with lower irrigation water input and
higher output would also be suggested considering the difficulty in decreasing the redundancy for green water.
This study could provide some suggestions for the efficient agricultural production in the Hetao irrigation district
and the improvement of the agricultural production system in other irrigation districts.

Key words: irrigation; water; data envelopment analysis; agricultural productive efficiency; Hetao irrigation
district



