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Comprehensive evaluation of agricultural water-saving potential in the middle
reaches of Hei River using genetic projection pursuit model
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(1. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China; 2. Institute of Soil and Water
Conservation, Chinese Academy of Sciences and Ministry of Water Resources, Yangling 712100, China; 3. College of Water
Resources and Architectural Engineering, Northwest A&F University, Yangling 712100, China; 4. Jiangxi Provincial Water
Conservancy Planning and Designing Institute, Nanchang 330029, China)

Abstract A comprehensive evaluation of agricultural water-saving potential is the basis for agricultural water planning. Currently,
however, insufficiencies of quantitative research have precluded the comprehensive evaluation of regional agricultural water-saving
potential. This study therefore focused on agricultural water-saving potential in the middle reaches of Hei River, which is located in
the northwest inland of China. Based on the principle of analytical hierarchy, a comprehensive evaluation index system of the
regional agricultural water-saving potential was established, which combined a series of statistical data and participatory rural
appraisal which took into account the impacts of socio-economic development, hydrology and water resources, agricultural water
resources development and utilization, agricultural water-saving level and ecology on regional water-saving potential. Given that the
evaluation indexes were incompatible, the projection pursuit model (based on genetic algorithm) was used to evaluate agricultural

water-saving potential. The model used the optimum projection vector to evaluate the directional contribution of each index in the
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comprehensive evaluation system. Projection index value was used to evaluate future achievable agricultural water-saving potential
of the district and counties in the study area. The districts/countries included Ganzhou District, Minle County, Linze County, Gaotai
County and Shandan County. Results indicated that the index ratios of water conservancy investment to GDP, impermeable channel
area and pipeline irrigation area had significant influence on regional agricultural water-saving potential. Then per capita grain yield
index, per capita water resources index and water supply modulus index had little influence on regional agricultural water-saving
potential. The projected values [Z(i)] for Ganzhou District, Minle County, Linze County, Gaotai County and Shandan County in 2005
were 1.366 5, 1.170 4, 1.239 1, 1.259 6 and 1.158 6, respectively. This showed that agricultural water-saving levels of Ganzhou
District, Gaotai and Linze Counties were higher than other counties/districts. These other counties/districts were at a lower level and
had large agricultural water-saving potential. This study provided scientific basis and decision-making support for developing
regional agricultural water-saving technology.

Keywords Projection pursuit model; Agricultural water-saving potential; Indexes system; Comprehensive evaluation; Mid-
dle reaches of Hei River
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Table 1 Comprehensive evaluation index system of regional agricultural water-saving potential

Target layer  Criterion layer Index layer
( / ) Per capita grain yield (regional grain output / population) (C;)
Annual per capita net income of farmers (C;)
Socio- ( / ) Per capita agricultural output value (regional agricultural output value / population) (Cs)
Realizable economic GDP( GDP/ ) GDP per capita (regional GDP / population) (Cy4)
level of development Engel coefficient (Cs)
regional level ( / ) Arable rate (regional arable land area / total land area) (Cs)
agricultural (B1) ( GDP/ GDP) Proportion of non-agricultural economy (regional non-agricultural GDP / GDP) (Cy)
water- ( / ) Agricultural machinery per unit area of arable land (total
saving amount of agricultural machinery / arable area) (Cs)
potential GDP ( /GDP) Ratio of water conservancy investment to GDP (regional total
(4) investment in water conservancy / GDP) (Cy)
( / ) Per capita water resources (regional water resources volume / population) (C))
Hydrology and ( / ) Ratio of water resources development and utilization (regional
water resources annual water supply / average amount of water resources) (Ci;)
(B2) ( / ) Degree of development and utilization of surface
water (regional annual surface water supply / average annual amount of water resources) (Cj2)
( / ) Extent of groundwater exploitation (groundwater
extraction amount / groundwater allowable exploitation amount) (C3)
( / ) Water resources per unit area of arable land (amount of
regional water resources / arable area) (Ci4)
( / ) Irrigation water qualification rate (total amount of water meeting the
quality standards / amount of water resources) (C)s)
( / ) Water supply modulus (total water supply / land area) (C6)
( / ) Percentage of downstream river runoff to total runoff

(downstream runoff / total runoff) (C,7)
Groundwater salinity (C)s)

( / ) Ratio of agricultural water use (agricultural water supply / total water supply) (Cio)
( / ) Ratio of irrigation farmland (irrigation area of farmland / arable area) (Cxg)
Development ( / ) Irrigation water quota of farmland (irrigation water withdraw of
and utilization farmland / irrigation area) (C»;)
of agricultural ( / ) Agricultural output value per unit of water (agricultural output value /
water resources agricultural water withdraw) (C»,)
(B3) Water use efficiency (C»3)
Irrigation water use coefficient (Ca4)
( / ) Irrigation matching rate (effective irrigation area / irrigation area of farmland) (C,s)
( / ) Ratio of sown area of high water consumption crop
Level of agri- (sown area of high water consumption crop / sown area) (Ca)
cultural water- Number of Farmer Water Users Association (C,7)
saving ( / ) Ratio of planted area of drought-resistant &
(B4) water-saving crop varieties (sown area of superior varieties / sown area) (Cag)
( / ) Ratio of conservation tillage area (conservation tillage area / arable area) (Ca)
[( + ) / ] Ratio of covering moisture conservation area [(straw + film)
covering area / arable area] (Cso)
( / ) Ratio of chemical moisture conservation area (area of
chemical moisture conservation / arable area) (C3)
( / ) Ratio of channels impermeable area (channel seepage area / irrigated area) (Cs,)
( / ) Ratio of pipeline irrigation area (pipeline irrigation area / irrigated area) (Cs3)
[( + ) / ] Ratio of spray, micro irrigation area [(sprinkler + micro irrigation)
area / irrigated area] (Csa4)
( / ) Ratio of area of rainwater harvesting for supplemental irrigation (area

of rainwater harvesting for supplemental irrigation / irrigated area) (Css)

( / ) Ratio of soil erosion controlled area (soil erosion
Ecology controlled area / area of soil erosion) (Cse)
(Bs) ( / ) Ratio of salinization controlled area (salinization
controlled area / salinization area of cultivated land) (Cs7)
( / ) Desertification rate (desertification land area / land area) (Css)
( / ) Ratio of grassland degradation (grassland degradation area / grassland area) (Cso)
( / ) Ratio of vegetation cover (vegetation area / land area) (Cag)
( / ) Rivers cutout probability (number of days of rivers cutout / 365) (Cs)
( / ) Change rate of stocking (annual stocking difference
between the planned and the base year / base year stocking) (Cs2)
( / ) Ratio of ecological water (ecological water withdraw / water withdraw) (Ci3)

In the index layer, in the parentheses is calculation methods of the indexes.
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Table 2 Comprehensive evaluation index eigenvalues of agricultural water-saving potential in the middle reaches of Hei River in
different years

Ganzhou Minle Linze Gaotai Shandan
Evaluationindex 1999 2002 2005 1999 2002 2005 1999 2002 2005 1999 2002 2005 1999 2002 2005
C) (kgcapita™') 594 627 684 605 866 931 789 903 993 536 584 955 290 545 669
C, (Yuan) 2848 3255 3947 2608 2765 3156 2722 3144 3821 2718 3111 3782 2709 3001 3658
C4 (Yuan) 4960 6722 10083 3559 4123 5355 4843 6366 9394 4389 5718 8485 4900 6135 8175
Cy (%) 352 959 347 2.77 6.34 1.79 1.63 9.74 2.86 .52 1138 2.10 0.21 291 1.19
Cio(m>capita™) 3349 3314 3231 1813 1806 1846 1766 1742 1747 746 746 754 669 683 698
Cis(10*'m*km?) 21.77 21.63 21.7 9.54 9.34 6.89 7.91 7.98 17.81 19.39 19.06 18.61  2.50 2.51 2.49
Ci9 (%) 99.74 9821 92.69 98.82 97.62 97.17 9814 96.42 90.11 98.84 98.13 97.66 97.93 95.68 92.59
Cyi(m*hm™) 11910 11040 10275 12420 11535 10635 12210 10785 10410 12255 11310 10485 12465 11805 10710
Cps (kgm ™) 086 1.01 1.15 0.97 1.21 1.06 0.95 1.02 1.16 0.89 0.99 1.03 0.99 1.23 1.11
Cas (%) 044 0.53 0.55 0.43 0.52 0.52 0.42 0.52 0.54 0.41 0.50 0.53 0.42 0.51 0.51
Crs5 (%) 93.66 93.81 90.64 93.48 9328 9243 90.76 91.28 91.50 81.12 80.69 80.69 9630 963  96.30
C3; (%) 5890 67.48 6540 51.68 52.09 52.03 24.08 2826 3143 1693 585 1430 22.76 2422 25.03
C33 (%) 291 896 1572 2.18 2.46 4.54 1.36 6.11 14.05 2.82 3.48 2129 244 2.72 6.79
Cs4 (%) 056 148 1.66 0.57 1.17 1.36 0.09 1.01 2.48 0.59 1.00 1 0.28 0.45 0.44
Cs7 (%) 0 0 0 0 0 0 0 0 18.44 0 0 58.35 0 0 35.85
Cuz (%) 0 026  3.02 0 0.20 0 0 0.87 9.35 0 0.40 0.33 0 0.05 0.03
5 P
MATLAB 7.0 2
, 16 5
; 16 ,
400, p.=0.80, ;
Pn=0.80, 25 ;
20 o= , ,
(0.104 5, 0.291 7, 0.217 8, 0.367 3, 0.132 3, 0.140 6, ’
0.188 1, 0.263 8, 0.275 6, 0.253 4, 0.269 2, 0.321 3, )
0.316 6, 0.295 7, 0.223 4,0.161 1) ,
a >
GDP >
GDP 3), 2005 2002
1999 () , .
2(7) =(1.366 5, 1.013 4, 0.724 1); 2(7) =(1.170 4,
0.951 4, 0.647 3); 2(i) =(1.239 1, 1.039 4,
i . 0.709 9); 2(i) =(1.259 6, 0.887 5, 0.636 5);

(i) =(1.158 6, 0.879 5, 0.612 2) 2(i)
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