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Development research of the comprehensive evaluating software for
operation condition of large-scale irrigation district
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Abstract: Combined with the actual condition of Jiaokou large-scale irrigation district (ID) pumping Weihe River in
Shaanxi Province, based on the overall survey, established the evaluation index system as 6 first-level indicators and 27
secondary indicators, utilized the G1 method and variation coefficient method to determine the subjective and objective
weights respectively, and then utilized the game theory to fuse and gather the subjective and objective weights, finally de-
termined a set of reasonable comprehensive weights. Using the ideal solution method of the grey relation theory, carried
out the comprehensive evaluation for the operation condition of Jiaokou 1D, and developed the calculating software of
comprehensive evaluation for the operation situation in a arge-scale ID. Taking the Jiaokou ID as the case study, carried
out the test and verify. The evaluation software results showed that in 2007,2008,2009,2010,2011 and 2012, the rela-
tive closeness degree in Jiaokou were 0,0.1166,0.2468,0.4275,0.6102 and 0.7783 respectively, and the operation
status levels were poor, medium, medium, good, good and good, respectively. The evaluation results were basically in
accordance with the actual calculated results. With time going, the evaluation level was gradually improved from poor to
good and operation condition was better and better in Jiaokou ID. Which was also in accord with the objective reality and
the developing rule in this ID. irrigation district The comprehensive evaluation software evaluation results for operation
condition in large-scale ID was reliable and correct, it can be greatly improved the efficiency of comprehensive evaluation
in irrigation district.

Keywords: large-scale nrrigation district; operation condition; comprehensive evaluation; ideal solution of the grey

relation theory; calculation software

%5 B #A: 2016-02-18

E£TE : ol DT RHR & RS 40 H (2]2014 - 08) 5 DS PHTIT PE W4 X BHIF AL 4750 H (2013 - 8) s B PG4 K FIBHL 3 H (2011 - 8)
EE R A HNF (1987—), 5, Hoft DBH A Il , 328 K T4544 Bk W IR AL it B S5 P55 o E-mail : 57268785 @ qq. coms
WEESE: FHIE(1980—), 5 BRpbE 1L, Wit , 2 NFKEEIEITM -5 1R F 7 Y o E-mail : 460033572 @ qq.. com,



WA A« RBUE DB A TR DLZR SR BT R W5 131

T HE DX K 5 AH X A, HL A A G 52 35 1
K AR R H A SRR, A A g R R
THE DX T S DX el BN Alk el i & Je . R
T DALY & i v R 45 7 FE Rl ite i/ T 8
W Bl S A AR B FLE =l 1) & R, X 24 b A AT
20 SR R ERARRIEHER . BRIEA
A 12 SR BIVE X, A RO B R FR 2 801.01 77
hm? | JE PRV 4 BRI R S A 7 e . KT
DX AN AH 7 25 4% HH B EAT: 55, it L350 43 X /K UL AR
PG 0] IR B T Al K 1A 550 2004 4FK
RIE X B BEK 5 1865 12 m®, 215 4 itk
B 173, HEM KA F) 1373 12 ot 400
SR K SR 389% 2, Bl TAE AR, N
AR ST AA L ARSI, B A
TR A 0V X AFAE 1 2 L n) J AT TR A o
LT T i 2 AL A5 R ™ i T IR AT AR P K ek
D BEBE ARG G EX LRSI A AR
IR P A 4 A T A 2SR R g A T
DL, T B0 R K As F PR EA T 25 G VR, L2
AR AR Y R] A

K E A EBHERE T ILR Y K RGP 1Y
2%, BIARYE RGE R ME KSR S KR E L R G LK
RET) HEZK ISR K S HUR VB IS 5 REFELL
K T REXTVEY ™ Az W40 55 7 A7 1 #E TP o
2007 4F Lilienfeld A 255 F 48 £ 2% vk 0 36 [ L e
WAV E B 7K AT T A B FSE . 2008 4 Komara-
giri Srinivasa Raju A. Vasan F 248 Fr %50 BLIS X
WRGEHAT TR, BUS T RAFAIACR . H. Okada
ZE 2RO BT S E X TR O b AT T 0 MRS
E AN 1z 08 B PE A R R E X Gs A TR0 1y ik,
=3 % TR AN 1R 2 7 A B (LB T BZ S
Pz N Tz Mgk &) ety et st
FEAR LA I 2 BB AR S5 A BV R BV IX 1 52
B, SR FH K 6 I BEE A BE AR A o %o K R el 7K [X
22 FTE s AR BL AT B I ZR 5 V-4, IR TT R
H R XGE A TIR L8 A VR A T T3, ml K
JE B R X LR A TN I A50R (o TR E X ] o 4 fie

L VRO IT A H A L

RIUFE X IBFPIRDLZR B PR AR TSR 5 B
TUE D s A AR DL (S i e (AR L ) B A0 7 B Y
K E R G0 R BURMCEE THA AR B A
IRE, N T RERSTE 43 1y ZYPFAN I ], 325 PR 0,
PN TR AL, S T R DGa R L 25

O D REREH T B B RLE AT IR DR 5 P
gia RGN0 R T Ik B BB O T RE, X
BRAF I 3 AR LA ) -

(1) L—PEEN

WRGE AT IR R 2RI s AR
DLEEE PO AR SC R (275 SRS Bk

(2) LA n] ARt s

PRI E B0 2 ] S R E R S 2
DIRE , TR 5 5 0 m] 5 2 M e P Rl 1 B AT
il AL BELL KA IR o

2 WM IT A6 s T PR B A
1

(D) VA

TERAF- 6 W SO AT 5 W AR T %0
Wi A SE B FT$2 . VB(Visual Basic) 52
Microsoft 23 A i 1) 3 T Basic 15 5 1) 7] AL 4L 4 72
5, DL B ) 2 (D RE SR R 4552 ) O Ha ik 2

H bR, VB EA T [0 4 0 AT A B L T

TR 72 SR B HE = SRR sh
g FEAL SRR B AR SR R . I,
RS R VBIE S

(2) i847¥A5E

B M55 K H WindowsXP B, Windows 7 #l
8 R4,

(3) WM AEL

RESHE ISR BLER & PR BRAR 45 1 S8 14
DR A8 S 1y B AR S ], DL 1

3 PRUTEAFIIRE T A

3.1 WEMRENESRTE

RAHE DCIBATIROLEE B VT BT ) 3 5 T 4
2, SR ARG = P e R A R B 3 DRI A X il
AKHEX HIEXRERE X o A RGNS )= LA 4G
IR AL S L AR AS A U B S S
PEARSS & IR € 5 PR AE A R | TR S
PRSI R 2R ik A ASE SUEA
BEEIITE, e RBHEIX 6 >—Zuditr, 27 1 —
PAERR , A #5 HRUE XA BAEF PR R 15
PAEAR B EPMEAA HAS A AR A
i ATHE X B R A Rt R AT 13 20 A48 bR o i
Gl LM~ R As 5 Z R0 43 S5 i 45 R 4
B WA T AR LA, 1 R e kT 1
HHEATERAT (AR B R 255 B e T 5o %
BRAF A S S S TR ) R ERE



132

TR XAV BT

o34 %

R BIWE B2 AT IR B4 A VA SR A

.

R IR e A R

A

A

X s

SAT IR G VE I 4B 5 iR R
ﬁﬂ_(ﬁﬂ: IBAT R B4 VR AR HR bR A
K AIHE R GBAT IR B2 A5 VEAR 7 ¥ e

A

]

YIEE S Sl
B0 VF
77 i 5

[ wmuan |

¢

| e s E R |

B 1
Fig.1

. =

B2 XRBEERSTRAGESTNRGERE

Fig.2  The main interface of comprehensive evaluation

software for operation condition in large-scale 1D
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The structure diagram of the comprehensive evaluation software for operation condition in large-scale 1D
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Table 1  The index system for comprehensive evaluation of operation condition in large-scale 1D
—ZdRtR HENZ ) bR AR (1815 2) B
First level index (rule layer) Index number Secondary level index (index layer) Unit
IR AR 15 1 KPR Water supply assurance %
Assurance of waler resources 2 PR A5 ) T RRAIE K B Water supply volum for unit control area R
3 WIEFIE % Channel matching rate %
= =
. IT}E@EE}; 4 HFYIHE R Structure matching rate %
Engineering matching rate
5 HEZK AL # Drainage matching rate %
6 EE R 5E -2 Channel lining intact rate %
7 HFYSEH2R Structure intact rate %
TR e
Engineerig intact rate 3 £V S CEN S T S %
Pumping station electrical and machinery equipments intact rate
9 HLIFSELF % Machine well intact rate %
10 RS UNGRZ s 3 N
Professional quality for irrigation management persons ?
11 LK 27 2% Real collecting rate for Trrigation water price %
1o G g
ERUIEVIR A
e RIS 5%
Management measures index 12 L - %
Farmers participating rate for Water User Association( WUA)
13 PN By T PR AL Management area per staff hm?+ A 7!
14 B SZ R The government support degree %
15 K T AR A R Water-saving irrigation area rate %
16 THEE A R 7K F ] 2220 Water use coefficient for irrigation canal system %
\ ) 17 T K R 28 Irrigation water use coefficient %
5K A A5 L
Water-saving and 18 FEVEHMK T HEFEAR Energy-saving index for pumping station kW-h=!-kt™'m™!
energy-saving and 19 TEWE K A3 P22 Trrigation water production efficiency kg m™?
increasing production index
20 HEX AR B A4 A Farmer net income per capita in ID JC
21 HE XA SZ H EE Income and expenditure rate in ID %
22 TKRBRWA B L] Water fee accounted ratio for whole revenue %
23 TR /K BT 3R AR % Tirigation water quality up to standard rate %
IR b 24 T KA HEYR The relative groundwater table m
Ecological and 25 A AR L2 The satisfied rate for cological water %
nvi ntal inde: )
crvironentat fmeex 26 ERRAE AR 545 2R Salinization area shared rate %
27 X 7 AL 4 % Waterlogged area shared rate in TD %
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Table 2 The actual value of index in Jiaokou ID pumping Weihe River

— kR (BEARR) PEMAE DB PR SEPRE Actual value of index in evaluation years
Secondary index (index layer) 2007 2008 2009 2010 2011 2012
K PRIEE Assurance rate for water supply/ % 61.50 63.50 67.50 69.00 73.00 75.50
L TR K
AL UK i . T o 1900.00 2125.00 2225.00 2350.00 2450.00 2537.50
Water supply volume for unit control area/(m’+hm~2)
IIBRCE R Channel matching rate/ % 62.80 68.10 74.90 77.80 82.80 84.80
AHYIEZR Structure matching rate/ % 66.00 71.25 72.75 76.00 80.25 83.25
HEZK VAL £ % Drainage matching rate/ % 59.25 63.75 69.00 74.25 79.50 84.75
T 5E 4% Channel lining intact rate/ % 57.00 63.00 69.00 74.25 77.25 81.00
HEFHISELF R Structure intact rate/ % 64.50 71.25 72.75 77.25 78.75 81.75
KB HLH R A SE I
Electrical and mechinary equipments intact rate in pumping 63.00 64.50 66.75 70.50 73.50 78.75
station/ %
P 5241 % Mechine well intact rate/ % 54.75 58.50 60.75 63.75 69.00 74.25
HEWAE PR SO 55 R o
The professional quality for irrigation management staff/ % 60.50 62.00 67.50 71.50 75.50 77.00
T o 2%
@{%ﬂ(J\%W}: o 77.50 79.50 80.50 84.00 86.50 87.00
Real collecting rate for irrigation water fee/ %
REAKIES5F
Farmers participating rate for WUA/ % 39.70 41.80 43.00 45.50 47.00 49.30
DA =SZTE A
AR TEEE . 90.00 107.50 130.00 142.50 147.50 158.00
Management area per staff/(hm*+ A ~1)
BN L35 The government support degree/ % 40.50 42.90 46.00 48.00 50.50 52.00
=5k Y B
IAGHLBRILEA &1 5 37.50 44.50 47.50 48.50 49.00 51.00
Water-saving irrigation area shared rate/ %
TR K A %L
Water use coefficient for irrigation canal system/ % 51.50 55.30 56.50 59.00 62.00 66.00
S | X
{E{E}Eﬂ(?ﬂ)ﬂ?fﬂ[ - 43.00 46.00 51.50 54.50 56.00 58.00
Irrigation water use coefficient/ %
2 kK 35 B Fe AT
7{<JHEE J(jjﬂl.c EI)F/T. . ' L 11 0.80 0.49 0.29 0.21 0.15
Energy-saving index in pumping station/ (kWeh=tekt=tem~1)
WK 4 S
{E{% ‘Kﬁqul:)&i . . 5 1.04 1.22 1.24 1.38 1.60 1.73
Irrigation water production efficiency/ (kg*m™)
HE X 4
{%EKEJ.\ JEA . — 1677.00 2173.50 2434.50 2866.00 3072.50 3219.00
Farmer net income per capita in 1D/JC
HEXITA S T
Income and expenditure ratio in 1D/ % 68.70 74.30 .10 76.80 79.40 85.10
i J=3 |
KI5 L'W/\H“.ﬂ 49.00 55.50 58.00 62.00 66.50 68.00
Water fees accounted ratio for gross revenue/ %
T N
{E.{%7.kﬁil—ﬁ*$ . 63.00 69.00 74.25 75.75 80.25 85.50
Irrigation water quality up standard rate/ %
H T AR X
The relative groundwater table/m 237 2.01 1.54 1.35 1.29 1.10
A 3 Kl R
Satisfied rate for ecological water/ % 63.50 67.00 69.50 72.00 73.00 76.00
B AT AR 5 A A
Salinization area shared rate/ % 10.13 6.44 3-89 3.07 2.76 22
S X 95 3l %
AL DFLIT B A 5 10.76 8.66 9.00 7.69 6.57 5.63

Waterlogged area shared rate in 1D/ %
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Fig.3 The evaluation interface for water-saving,
energy-saving and increasing production

in 2007 of Jiaokou 1D
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Fig.4  The weight calculating interface of

first level index in Jiaokou ID
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Fig.5 The weight calculation interface of
secondary index in Jiaokou ID
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Fig.6  The calculation interface of evaluation

results in Jiaokou ID
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Table 3 The actual calculated weight values of index in Jiaokou ID

— e AEhr ENZ) Bt € i € =7 7Y~ FEMALE WAL ZEE IR
First level index Secondary index Subjective Objective Comprehensive
(rule layer) (index layer) weight weight weight
TR PEARE T K PRUE# Water supply assurance rate 0.0633 0.0376 0.0578
Assurance for water resources BA( P ] T R A
(0.1249) Water supply volume for unit control area 0.0759 0.0353 0.0671
EIG 2 atchi
TRER IRIBRLEZ Channel matching rate 0.0459 0.0378 0.0442
Engineering matching rate AFPIHEH Stucture matching rate 0.0319 0.0281 0.0311
(0.1151) HoK IR Drainage matching rate 0.0383 0.0455 0.0399
IRTEAT I 5E 1 Channel lining intact rate 0.0180 0.0440 0.0236
- B SELFF Structure intact rate 0.0216 0.0280 0.0230
JETCAS S ) N 327
Engineering intact rate KA BILAL B e
(0.1062) Electrical and mechinary equipments intact rate 0.0312 0.0293 0.0308
in pumping station
LI SELF % Mechine well intac rate 0.0259 0.0395 0.0288
S At =
s IE].\mﬂk%%ﬁ - 0.0388 0.0473 0.0406
The professional quality for irrigation management staff
TRk 2 S
E R bR Real collecting rate for irrigation water fees 0.058 0.0247 0.0491
Management measure index
L A2 5%
(0.2000) Z(RH@J(UJ\K,'?ﬁi 0.0324 0.0275 0.0313
Farmers participating rate for WUA
PAAL B TS PLAI AN Management area per staff 0.0269 0.0387 0.0294
BUN S22 The government support degree 0.0465 0.0628 0.0500
K 1 Lo R
117]({&{%.@?.,\}-5@& 0.0353 0.0356 0.0354
Water-saving irrigation area shared rate
B I 2= 8
{E{%*%ﬂ(ﬁjﬂagﬁ S 0.0204 0.0357 0.0237
Water use coefficient for irrigation canal system
\ ) VR 7K A 22 8 Irrigation water use coefficient 0.0245 0.0381 0.0274
oK R S B
Water-saving and AR AR 0.0294 0.0388 0.0314
energy-saving saving Energy-saving index of pumping station
and increasing WK O3 1 R
production index Trrigation water production efficiency 0.0508 0.0370 0.0478
(0.2839) "
ol x 3 é
AT 0.0423 0.0388 0.0415
Farmer net income per capita in 1D
HEX WA SZ H EE Income and expenditure ratio in 1D 0.0171 0.0236 0.0185
2 = sl
KPR SRR 0.0608 0.0481 0.0581
Water fee income accounted ratio for whole revenue
WEWE /K BA AR % Tirigation water quality up standad rate 0.0324 0.0359 0.0332
EEPSZ 81 R L 7 1T /K HAXTHEZE The relative groundwater table 0.0388 0.0365 0.0383
. ECOIOglCal. HZS FHK I JE % The satisfied rate for ecological water 0.0465 0.0299 0.0429
environmental index
(0.1694) ERORAL1E R 545 % Salinization area shared rate 0.0224 0.0445 0.0272
T X Ak v H %
HEDCHFOL L TR i 41 5 0.0269 0.0314 0.0279

Waterlogged area shared rate in ID

T Rl 5 AU R R — YRR,
Note: The value in the bracket in the table indicate primary index weight values.
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Table 4  The actual calculated evaluation result in

different years in Jiaokou ID

Y Year  AHXTMGITEE Bi il Level HEJF Rank
2007 0.0000 7% Poor 6
2008 0.1166 %% Medium 5
2009 0.2468 2 Medium 4
2010 0.4275 R4 Good 3
2011 0.6102 R4 Good 2
2012 0.7783 R4 Good 1
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