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Study on factors influencing irrigation water use coefficient based
on principal component analysis and Copula function

—— Take the medium-sized irrigation area of the 12th Division

of Xinjiang Construction Corps as an example

JIA Hao'”*, WANG Zhenhua'®, ZHANG Jinzhu', LI Wenhao', REN Zuoli', JIA Zhecheng'
(1. School of Hydraulic Engineering, Shihezi University, Shihezi, Xinjiang 832000, China;
2. Key Laboratory of Modern Water-Saving Irrigation Corps, Shihezi, Xinjiang 832000, China)

Abstract; Taking the medium-sized irrigation area of the 12th Division of Xinjiang Construction Corps as the
research object, we used the first-to-tail method to calculate the irrigation water utilization coefficient of the four
sample irrigation areas in 2018 and 2019. Based on the principal component analysis method for dimensionality re-
duction of the index system,the Copula function was used to construct the PCA-Copula evaluation and analysis
method to calculate and analyze each influence factor, its degree as well as its law, of water utilization coefficient.
The results showed that according to the two-year calculation and analysis, the irrigation water utilization
coefficients of the four sample irrigation areas were all above 0.63, and the maximum value reached 0.668, which
was higher than the Xinjiang and national averages of 5.05% and 10.15%, respectively, during the same period.
Principal component analysis showed that the channel lining rate (0.944) , drip irrigation area ratio (0.746) , crop

water requirement (0.635) , actual irrigation area (0.734), etc. All had a positive contribution rate more than
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60% , while the grape growing ratio (—0.586) and irrigation area gross irrigation water consumption ( —0.645) had
a negative contribution rate of more than 58%. Use the PCA—Copula analysis and evaluation method it was to con-
clude that the crop planting ratio and water-saving irrigation project status had a significant influence on the
effective utilization coefficient of irrigation water in the Twelve Division medium-sized irrigation area ( P<0.05).
The effect of irrigation water effective utilization coefficient was extremely significant ( P < 0.01), with the
correlation coefficients 0.875 and 0.742, respectively. At the same time, the Spearman rank correlation coefficient
test and linear regression were used to test the closeness of the PCA —Copula evaluation method and the entropy
method. The test results were that the correlation coefficients were 0.87 ( P<0.05) and 0.52 (P<0.001) , it showed

that the PCA — Copula evaluation method was suitable for studying the influencing factors of irrigation water

utilization coefficient.

Keywords ; irrigation water; effective utilization coefficient; influencing factors; head and tail method ; princi-

pal component analysis method; PCA-Copula
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Table 1 Irrigation area of different size and water sources types

XU

Irrigation size

KRS

Water source type

JE X T A/ hm?

Irrigation area

Group name

JITRERE DX A4

Name of irrigation district

ZIR7 R S

under its jurisdiction

667~3333

Pk HREIK
Water lifting,
gravity flow

o

Medium 10000 ~ 20000

221 A 221 regiment

222 A 222 regiment
104 P P LA 4%

104 regiment, Xishan Farm
K] i =R

Toutunhe, Wuyi and Sanping farms

AT X Daheyan River Irrigation District
B #H#E X Yine Irrigation District
LG AR IHEIX
Urumgqi River Irrigation District

LA X Toutunhe Irrigation District

1 KRR EREXSH

Fig.1 Distribution of sample plots in experimental area
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Table 3  Influencing factors of irrigation water use coefficient in irrigation districts
FHA T Eituned iy
Main types Impact factor Indicator variable
A SR &AL A B W & Rainfall during the growing period/mm X,
Natural conditions VEM) T 7K & Crop water requirement/mm X,
HE X SCE 1 AR Irigation area/hm? X,
N% 24 Jet TR o
éi}é‘ﬁj*ﬁ’”m& CEE N VE X B JE I K Trrigation area gross irrigation water consumption/ ( m’ - hm’z) X,
Local planting structure " ) ) X
and management status Hi % FPAE L Grape growing ratio/ % 5
H G EIE E B Grape net irrigation quota/(m® - hm™2) X
5 K REER I IIEATI Channel lining rate/% X,

Water saving irrigation status

TR AL LL Trrigation area ratio of drip irrigation/ % Xg
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Table 4 Calculation results of irrigation water use coefficients in the 12th Division of Xinjiang

Construction Corps Irrigation Area in 2018 and 2019

X EREWE I K R TEWE KR R %
Ui Irr%z%f ?:ea ;Q(%cﬁi/qu 1;;2;}:;12) . To.tal gross irrigation ini Total net irrigationiwater (élrrigiiirjl%jj;&
Number ’ irrigation area/ (10°m® - hm™) /(10° m® - hm™2) use coefficient
rame area 2018 2019 2018 2019 2018 2019
1 5,4 K55 Urumgi river 5.56 8.237 7.443 5.42 4.90 0.658 0.661
2 3L YA Toutun river 11.10 8.169 7.819 5.40 5.20 0.661 0.665
3 FIMYR Daheyan river 2.893 8.832 9.028 5.60 5.80 0.634 0.643
4 222 [4] 222 Regiment 10.247 8.030 7.694 5.34 5.14 0.665 0.668

x5 BAEERREE(2018 £F)

Table 5 Characteristic values and contribution rates (2018)

% WILRFFE(E. Initial eigenvalue PEHCEJ7 M3 A Extract square sum load
Element AT Total J5 7% Variance/% 2 Cumulation/% AT Total J72% Variance/% 28 Cumulation/%
1 4.845 73.601 73.601 4.845 73.601 73.601
2 1.296 14.888 88.490 1.296 14.888 88.490
3 1.058 7.005 95.495 1.058 7.005 95.495
4 0.424 2.470 97.965
5 0.218 0.716 98.681
6 0.133 0.756 99.437
7 0.021 0.428 99.865
8 0.005 0.135 100.000
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Table 6 Characteristic values and contribution rates (2019)

% VIEFFAEE Tnitial eigenvalue FEBOE 7 M#E A Extract square sum load
Element AT Total J72% Variance/% 2 Cumulation/% AT Total 775 Variance/% 2B Cumulation/%
1 4.521 65.751 65.751 4.521 65.751 65.751
2 1.341 24.712 90.463 1.341 24.712 90.463
3 1.124 4.755 95.218 1.124 4.755 95.218
4 0.623 2.640 97.858
5 0.224 1.226 99.084
6 0.132 0.458 99.542
7 0.029 0.355 99.897
8 0.006 0.103 100.000
F71 EHAEH
Table 7 Principal component loads
A i'%n Ingredient(2018) % Ingredient(2019)
Impact factor 1 2 3 1 2 3
A= F W R Rainfall during the growing period 0.404 -0.241 0.842 -0.464  -0.197 0.782
VEM) T 7K & Crop water requirement -0.492 0.586 -0.036 0.073 0.683 -0.015
TE X SR Trrigation area 0.456 0.793 0.092 -0.431 0.675 0.087
HEX EWE B K E Trigation area gross irrigation water consumption -0.066 -0.636 0.425 -0.073 -0.654 0.414
HIA P L Grape growing ratio -0.549 0.487 0.245 -0.622 0.398 0.225
AR E B Grape net irrigation quota -0.259 0.423 0.658 -0.255 0.557 0.712
IR Z Channel lining rate 0.956 0.275 0.058 0.932 0.359 0.042
T HEHE R R B L Trrigation area ratio of drip irrigation 0.796 0.224 0.112 0.695 0.314 0.153
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k1B AR SR BOE 443 4 ( normal distribution, N) |

SR M KAE 1 5340 ([-type maximum  distri-
bution, Max 1) . #/ME 1 #4343 ( I-type minimum
distribution, Min 1) VL X Gamma 43 1 43 54U & 45
DR R s, TE S AN R AE T
RUG3A AR /ME T ALS A Ky e ik K-S 4, [A] i
HHE RMSE fELH ATC {E A9 /IR 240 E 45 IX 32
AT R 4 AR RMSE (B A ALC DA K 43
ML 8 F7R,

BT RS oA K45 3 143 AR X R B A 43 A
A, I — A AR A 10 G 50 A XF LY RMSE Al ATC
(R 8), ATLLFE Y, bRk o yr 3 DX P e 1B 25 0 A, H:
ARAIE DAL 3 AT R ORAE T B3 e 0 %%
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Table 8 Optimization of distribution line type of principal component factors of effective

utilization coefficient of irrigation water in irrigation area

FR T 1 FAHE T2 FHA T3
WX i Principal cnmponenf factor 1 Principal compnnenf factor 2 Principal componenf factor 3
Irrigation area Distribution Pk oA Pesk oA P sy Aii
RMSE  AIC Preferred RMSE  AIC Preferred RMSE  AIC Preferred
distribution distribution distribution
£ KT . - IE;S No.rmal 0.08 -13.8 0.06 -17.9 0.07 -18.5
Urumgi river K AE 17 Maximum value I 0.06  —17.9 Max 1 0.05 -28.1 Max 1 0.05 -22.5 Max I
We/IME 1% Minimum value I 0.12 -15.6 0.10 -194 0.11 -145
. 1EZ Normal 0.06 -27.8 0.05 -28.1 0.05 -28.3
Toj:ufi?/cr WAAE TR Maximum value I 0.09  -22.3 0.07 -22.8 N 0.08 -22.5 N
He/IME 1% Minimum value I 0.17  -13.8 0.15 -15.2 0.16 -16.2
. TEZ Normal 0.08 -23.8 0.06 -17.9 0.07 -17.2
N WHRAE T A Maximum value I 0.08  -22.6 0.05 -28.1 Max 1 0.06 -27.1 Max I
Daheyan river T
’ He/ME T B! Minimum value I 0.12  -15.6 0.08 -23.8 0.04 -24.38
222 Wl 1A Normal 0.13  -16.9 0.10 -19.4 0.05 -253
222 Regiment M RAE 1% Maximum value I 0.07  -22.8 Max 1 0.04 -29.6 Max 1 0.09 -18.9 N
W/ME 18 Minimum value I 0.10  -19.4 0.05 -28.1 0.06 -23.5

TE N Max T 235378 IEAS MG FAR AR 1895045

Note: N and Max I represent normal distribution and maximum value 1 distribution, respectively.

S3A ) RMSE K AIC R /N 8L A 250 8 4y 1) 0 32 T
T, 5 26 52 25 1 U m AR X 79 4 TR K A AR
FZRE) 3 A4 ERr A FEM R %A, W&
7RI LUE 3 AN A A G i AR 25 B
Copula PRECE A A 32 FA AR & ik P AR] B i1 2% 55 A 19
PR (BB d o H A4 3 A 32 B 43 B A Bk
GO
2.2.4 PCA-Copula #4547 M PESHT I A
KA, 75 PR DX b o b A A K TR DL S R R 25 4
(YRR > 7K U5 28 3 A A A 0L T K R &R 2
22NN, AE R B 2 b T b 55 RN P RE 25 4 1 AR 1k
T EHRE 2 G HE /KA RORH R B8 T HiAh

MAAE Tt 3 AT Y BE SR, I SPSS Statistic20.0
FEHEWE KR R B S HE XRUBE A SR 55k HE RS
BT AR S A S BR 2R AT D AH DG 23 B T 0
WK FIFH 2805 4548 b Z (B 04 1 35 R0 5 o, LA
KA 9 FiN

P2 O AT, FE DX 6 T8 Y0 P /I R A 2 v T R
T 00T VE R 7K A ORI 2R B0 5 e A e 3 (P <
0.01) , oAby 52 i PR 28 X6 3 I 7K A 5500 ) 28 50 T
F(P<0.05) , T DX FEANG 1 Xof I 4 45 5% i 1)
JEPRRE « (1) 4 DX S o AR A, Y 3 Ao )R g,
KR A TR LG ) v, = O X B K
W% | S5 25 W) B AN E DX VE R A AR R R
K, T PR R XRS5 i 5 K M 0 % 8 A
IR, DT 52 Ml E TR K A ORI 3R 885 (2) HE KA
ROFIH RECZ BN 2 2 R T AR

R 9 ETF PCA-Copula IEBR/KF A RS
EXERBERBXER
Table 9  Relationship between PCA—Copula—based irrigation
water use coefficients and basic conditions of irrigation districts

AR 2 AL

£zt . .
Ind Partial correlation
naex coefficient
HF W% & Rainfall during the growing period 0.409 "
Ve FK & Crop water requirement 0.542*
TE X S HE T FR Irrigation area 0.589*
N x:7 A\“h\‘ i 7 E=N
THE DX BB K B 0742 % *

Irrigation area gross irrigation water consumption

TP L Grape growing ratio 0.05"

TR HEBE E B Grape net irrigation quota 0.875" "~
ESERIIZR Channel lining rate 0.569 *
T T TR T R Irrigation area ratio of drip irrigation 0.536 "

TE: R 0.05 KCFBE MR, =+ = FR 0.01 K835 WA
o, # & % FUR 0.001 AP BFRASE,

Note: * indicates a significant partial correlation at the 0.05 level ,
# % indicates a significant partial correlation at the 0.01 level, = #* =

indicates a significant partial correlation at the 0.001 level.

AR RIS SR N SR L RF O DX 1 0 4 TR A
EHEME IR R T 2] DT 52 W) 98 TR K AT 3R
A SCEE A AT DCHE WK A ORI RS 1 5%
AL, FIH PCA—Copula PFAEXT 2018 41 2019 43
WK FH REGHT 255 VPEI IR HET , AR XS b 45
R 10 iR, G RR WY, B HE I /K A ] 2R BO8 (E
K/NA FLHE P 5 I — 35 A8 Ak, T 4T 25080 R A
—BHARF T2 5. [, S 4k 2150 TR H 5 B
FIH Spearman 252 AH G 22 B0k 30 12k RN 28 1Y [ 1)
K5 PCA—Copula P SRR & DIFREE , K 56
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Table 10 Comparative analysis of PCA-Copula evaluation of irrigation water use coefficient in 2018 and 2019

2018 AEJHE /K A1 R 50

Trrigation water utilization

PCA-Copula TE# 5

Evaluation method

2019 4EJE /K FI FH R 5L

Irrigation water utilization

PCA—-Copula A4

Evaluation method

HEIX coefficient in 2018 coefficient in 2019
rioati aresz 2z N 2z AN
Irrigation arca $fi iy AT sl oy AT
Numerical value Rank ompr‘e ensive Rank Numerical value Rank ompr.e ensive Rank
evaluation value evaluation value

B8 AKFHA Urumgi river  0.658 3 0.648 3 0.661 3 0.735 3

Skt fAl Toutun river 0.661 2 0.735 2 0.665 2 0.916 2

KT Daheyan river 0.634 4 0.521 4 0.643 4 0.685 4

222 4] 222 Regiment 0.665 1 0.916 1 0.668 1 0.952 1

LERL IR A S R B 0.87(P<0.05) F1 0. 52( P<
0.001) , Vi B A7 B X F 7 TE I /K 1 2R 85052 il
EAMMILER , # PCA-Copula ¥R AR & H

3 W ®

ASCFES R E R M IL e, 72 N R A #
ANTER BT X 56 - 0l A A DR AT I K
FHFR BN A0 D0 50 v DAy 8 v 0 B3 B, 7
THE R G0 8 T2 K 3R 0 it 5 B0H R A7 R, 3k
157 RAFRYBICR B0 AH 5G9 I 7K A7 2R FH 2 %L
MIPRIER | B 2 5 I 50 R WD, i X5 A T AR X i X
TEWEKAT ORI R B A K AR5 A
AL, FEINRE DXy K B B Bt v] LA S R R
FEI T /K AT S8OR) R 8, L2 e T B A e
7R RAN, R BCOK PR B T, A TR
St ISk TR M, DA AR AR DR X — ), —
05 T RGN A 7 M W g, 73— 0 T 24 v E K
FHI R E, PG 75 55 T i LA R TAE : (1) 4k 2t
WHUR IR B8 A #5023 i /K B0, 42 7119 K T
FRELAN A K. (2) 358 K48 K P, 32 71K
B TAE NGB AT, B BRI R A A%
15 B B, e e B B A TR, (3)
TS T B 4V DX S b B0 D 3 T AR R A T
A, [F) s P KRR,

AR HHY PCA - Copula 42 M1 PEA J5 3%, A
WK A 2B R 2R 0 e B R A — R O ik, B
UER T A 9 /K ) 28 80y Tk I W) i
WA VFLE N b= E R Copula PREHIS TSI AKX
TGRS AF BN ARAEE L, I 4 HAE K] i v
I o Salvadori %{291 . Hao fff“m 2
Copula PRECHE 8 P 7K SC T 11 2517 0F 92 9 B A — 2t
JEAR, [l Zhao 551 Sy 43 Al ik Uik 5 9 W8k FH K
HORI I FR, FIH Copula sRECEE ST T M BX G 4
Aii o ASSCHE U434 B Bt B B R A R
1 o FA E  Z% r Ai pR L, B PCA - Copula 43 H7 3F
AR5 050 R W 7K A SR P 2R S 0 D DL itk AT o

FrvlAh , 434 2 B PCA —Copula 43 #1745 A 2
/KA R R BN A AT AT Al AT A, [RIINF, PCA -
Copula 7387 45 5 A F T TE 150 b X551 45 38 X
/KA O T R B SR A K

4zt B

1) S F B R e s e A+ 0l
HHRIE X 2018 4 FN 2019 AFEHEME KA R80F FH R EGH T
DU A a5 DX TR /K A R0OR 2R s SR 7E 0.63
DI ool TR A P EKF 6.5% .7.4%

2) F|H PCA-Copula 73 Hr 1AL J7 545 /EY)
TR L B8] 60 77 7K T R TR R 25 X Ui v AR X
TR /KA ROF ) R BG83 (P<0.05) |, RIE AT )
R(0.944) i HEVE R AL L (0.746) AEWITE K =
(0.635) SEBREBE R (0.734) Z5 80 BA 3T 60%
B IE BEHR R, A A R L (—0.586) FITEE [X B 7 K
FHK R (-0.645) % HAT 3t 58% 1 i sT ik %, #i
2 R S AR TR DX T TR P K %o R KA AR
FIFH 2B s i 2 (P<0.01) |, AH I F 8000 7l
4 0.875,0.742 , HAh 5 i PR 0 R K G 80 FH &R
B2 2 (P<0.05) , UL, B %0 X S BRf O, £
AT 45 ) RIS B AR T K R TR
TR TR T T T R T KT R AR R R TR K
FIH 2500 22450

3) I FH Spearman 55 2% AH & 28 BOKS 36 16 A1 £k 7l
[ R4S 5 PCA—Copula WY 5 55 10 (B 72 1) 2% D) #2
B R g4l AR e A ¢ R 0.87 (P<0.05) Fil
0. 52(P<0.001) , 5 i PCA-Copula ¥4 J5 ¥4 %
T FH TR 58 HE A R R BT e R R AR IR AL
X5 0 v 2R DX AT I AR R A DX D,
BT EA SRR Hos = AR, 5 220 AR 5 A
X bR X AR R X0 T R R R | KR 1Y
WBERFFE, 553 FIH Copula PRECH IS H HE ) PCA-
Copula 737 5 X HHATIR A ST HT .

(T#% 233 W)



