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Comprehensive evaluation on the operation condition of large irrigation
district based on the grey relation theory-osculating value method

FEI Liang-jun', WANG Jin-hui', WANG Guang-she?, FENG Chan-1i?, WU Jin-hua'
(1. Institute of Water Resources and Hydro-electric Engineering, Xi’ an University of Technology, Xi’ an, Shaanxi 710048, China;
2. Shaanxi Province Institute of Water Resources and Electric Power Investigation and Design, Xi’ an, Shaanxi 710001, China)

Abstract: The greater grey correlation between optimal point of evaluation objects and goals, the closer distance be-
tween them. When carrying out comprehensive evaluation on the operation condition of large irrigation district, grey rela-
tion method and osculating value method can be combined, both retaining good advantages in objectivity of the osculating
value method and overcoming the defects of osculating value method under poor information condition through reasonable
use of the grey relation method. A large-scale gravity canal Luohuiqu irrigation district in Shaanxi was then employed to
validate the above hypothesis. The evaluation results showed that in years of 2007, 2008, 2009, 2010, 2011 and 2012,
the osculating values in Luohuiqu irrigation district were 5.1238, 4.7421, 3.8396, 3.0147, 2.4679, and 1.2868, and
the levels of operation conditions were medium, medium, medium, good, good, and good, respectively. The evaluation
results were basically in accordance with the extension evaluation method. With time going, the evaluation level in Luo-
huiqu irrigation district gradually became improved and the operation condition was enhanced, which also confirmed the
objective reality and the law of development in this district. This method was simple in comprehension and high in relia-
bility, providing a new approach in overall evaluation of operational status in large-scale irrigation area.

Keywords: large irrigation district; the operation condition; comprehensive evaluation; grey relation method; oscu-

lating value method
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Table 1  Dimensionless normalized evaluation matrix from 2007—2012 in Luohuiqu irrigation district
— | < ey P el == |
— AR (155 ) 2007 2008 2009 2010 2011 2012
Secondary index (index layer)

HEIKARIE R Irrigation assurance -0.1625 -0.2125 -0.1375 -0.0100 -0.0500 0.0125

Ry s A AL sk =
iﬁﬁﬁﬂﬁi\{,\/km -0.5410 -0.4773 -0.4200 -0.3067 -0.2367 -0.1040
Water supply unit control area
I AEFR Channel matching rate -0.3000 -0.2444 -0.1667 -0.1333 -0.0778 -0.0333
AEFYELEZR Building matching rate -0.1889 -0.1667 -0.1222 -0.1556 -0.0778 -0.0222
HEZK VL £ % Drain matching rate -0.3000 -0.2778 -0.2111 -0.1556 -0.0889 —0.0667
EIE R SELF R Channel lining pipe rate -0.2800 -0.2667 -0.2111 —0.1444 -0.0556 -0.0111
AW FELFF Building pipe rate -0.2000 -0.1222 -0.0667 —0.0444 -0.0333 0.0111
S S AL =1 3
{é.‘%?’ﬂ)\mﬂk%%ﬁ . . -0.3688 -0.2875 -0.1750 -0.0875 -0.0625 -0.0375
Irrigation management professional quality
TEWE /K 9% 2R Tirigation water recovery efficiency -0.1444 -0.0778 -0.0333 0.0111 -0.0111 0.0556

a2

RRAK =S J}‘h‘. ) - -0.4217 -0.4967 -0.3667 -0.2800 -0.2167 -0.0883
Farmers use water association participation rate
YAy G A BRI AN Unit staff management area -0.5600 -0.4370 -0.3200 -0.2325 -0.2650 -0.1950
B 2 HEARE The government support -0.2667 -0.2850 -0.2333 ~0.1000 -0.0500 0.0500
B @ Il %
WK{E{E}EWT".'E%}: -0.4817 - 0.4500 -0.3917 -0.3917 -0.3417 -0.3983
Water-saving irrigation area rate
TEX U ZKFI &S
@.E”.“?/MJFH?%( - -0.2286 -0.1571 -0.1571 -0.1571 -0.1143 -0.0857
Irrigation canal water use coefficient
HEWE /KA R %L Irigation water use coefficient -0.1000 -0.1500 -0.2167 -0.1500 -0.1500 —-0.0667
MK P 2 7R ~0.5100 ~0.3400 ~0.3800 ~0.2250 ~0.1300 0.0650

Irrigation water production efficiency




551 P WA LTI ORHRBIE - S VNME L ORI s TR DL LR 5 VAN 245

&R
— g ek (Fe kI

_ —RERUIRE) 2007 2008 2009 2010 2011 2012

Secondary index (index layer)
i x i
{EEZ?E}\ﬁ]é’@W}\ . L -0.3806 -0.3234 -0.1997 -0.0726 -0.0137 0.0497
Per capita net income of farmers in the irrigation area
HE X
{El:qﬁ/\i‘ifdﬂﬁ Lo L -0.2589 -0.1744 -0.1611 -0.2389 -0.1178 -0.0389
Revenue expenditure proportion in the irrigation area

E 4 i
IKICNA 7 BN HD . -0.3714 -0.2571 -0.1714 -0.0857 -0.0571 -0.1000
Water accounted for revenue ratio
LK UL b -0.1333 -0.1556 -0.2111 -0.2333 -0.2611 -0.2233
Irrigation water quality success rate
o KA HEIR The relative depth of groundwater - 1.5600 -1.7300 -1.2600 -0.4300 -0.6500  -0.8700
K 22 Ecological water satisfaction rate -0.1625 -0.0875 -0.0500 0.0750 0.0375 0.1375
AL % Salinization area share -2.2000 - 1.7500 -0.8500 - 0.5500 -0.3000  -0.0500
VX YA v /El B4 2=
X S5 P T AT ~1.4600  -1.1200  -0.800  -0.4800  -0.3400  0.1200

Irrigation district waterlogged area share
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Table 2 Dimensionless normalized evaluation matrix of four classification standards in Luohuiqu irrigation district

Y AERR (F545)2 ) Secondary index (index layer) 1 Best B Good H Medium % Poor
HEKAFAIER Trrigation assurance 0.0000 -0.1250 -0.2500 -0.3750
PR P il TE RS K f: Water supply unit control area 0.0000 -0.1667 -0.3333 -0.5000
IEALE# Channel matching rate 0.0000 -0.1667 -0.3333 -0.5000
AFYNCEH Building matching rate 0.0000 -0.1667 -0.3333 ~0.5000
HEZK I BLE SR Drain matching rate 0.0000 -0.1667 -0.3333 -0.5000
BT SE4F 3R Channel lining pipe rate 0.0000 -0.1667 -0.3333 - 0.5000
AHW 5L Building pipe rate 0.0000 -0.1667 -0.3333 -0.5000
FEMEAHE N G20k 55 KB Trrigation management professional quality 0.0000 -0.1250 -0.2500 -0.3750
HEWEZK 2R SZUH Trrigation water recovery efficiency 0.0000 -0.1111 -0.2222 -0.3333
KR AKYI2 55 Fammers use water association participation rate 0.0000 -0.1667 -0.3333 - 0.5000
AN By TAS P AN Unit staff management area 0.0000 -0.2500 -0.5000 -0.7500
BN SR The government support 0.0000 -0.1667 -0.3333 -0.5000
T K HE B R 5 A % Water-saving irrigation area rate 0.0000 -0.1667 -0.3333 ~0.5000
TEIX 32 2 /KR A AU Trrigation canal water use coefficient 0.0000 -0.1429 -0.2857 -0.4286
TEWE KR R X Irrigation water use coefficient 0.0000 -0.1667 -0.3333 -0.5000
TEEZK 232 P2 R% Trrigation water production efficiency 0.0000 -0.2500 -0.5000 -0.7500
HE X AR R AL Per capita net income of farmers in the irrigation area 0.0000 -0.2857 -0.5714 -0.8571
HE X WA SZ H EE Revenue expenditure proportion in the irrigation area 0.0000 -0.1667 -0.3333 -0.5000
IKBRWA L B H 5] Water accounted for revenue ratio 0.0000 -0.1429 -0.2857 -0.4286
/K TR FRZE Trrigation water quality success rate 0.0000 -0.1667 -0.3333 -0.5000
1R 7K AHXT TR The relative depth of groundwater 0.0000 -1.0000 —2.0000 -3.0000
HZS FHK I I # Ecological water satisfaction rate 0.0000 -0.1250 -0.2500 -0.3750
ERBRAL IR (5 A 2% Salinization area share 0.0000 - 1.5000 - 4.0000 - 6.5000
HE X 37 AL T B 5 5 2R Trigation district waterlogged area share 0.0000 -1.0000 ~2.0000 -3.0000
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Table 3 Fuclidean distances and osculating values of four classification

standards in Luohuiqu irrigation district during different years

e

Year di di g
2007 0.5541 0.1483 5.1238
2008 0.5199 0.1798 4.7421
2009 0.4426 0.2758 3.8396
2010 0.3694 0.3481 3.0147
2011 0.3194 0.3874 2.4679
2012 0.2221 0.5364 1.2868
5 Best 0.1033 0.6219 0.0000
KR Good 0.3639 0.2591 3.1052
1 Medium 0.5732 0.0943 5.3951
2 Poor 0.6653 0.0051 6.4299
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Table 4 Comparisons of evaluation results between grey correlation theory-osculating value method and extension evaluation method

1Tﬁ|\}7 ik 2007 2009 2010 2011 2012
Evaluaction method
TR AG I BRE — S v 5.1238 4.7421 3.8396 3.0147 2.4679 1.2868
Grey relation theory — osculating value method HF Medium Hf Medium Hf Medium B Good B Good B Good
N -0.1012 -0.101 -0.0794 0.0225 0.1474 0.1188
AT Extension evaluation method
#1 Medium #1 Medium #1 Medium K Good K Good K Good
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