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Analysis of dynamic characteristics and influence factors of groundwater depth in Jinghuiqu Irrigation District
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Abstract: Groundw ater is an important water source of Jinghuiqu Irrigation District. The analysis of its dynamic characteristics
provides important guidance to the development and utilization of w ater resources. Based on the groundw ater depth data of Jing
huiqu Irrigation District during 1981- 2010, w e analyzed its interannual variation using linear tendency estimation method, cumuwr
lative departure, Sen slope estimation method, and M anir Kendall trend test. We analyzed the mutation of groundw ater depth wr
sing smoothing T test and two— dimensional regression mutation analysis. We determined the most important influence factors
of groundw ater depth using principal component analysis and grey relationship analysis. The results showed that the groundw «
ter depth tended to increase during 198+ 2010. The mutation happened in 1994. Before 1994, evaporation was the most important
influence factor of groundwater depth. After 1994, the most important influence factors became evaporation, groundwater ex

traction, and canal water diversion.
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Fig.2  Variation of average groundwater depth
FH0.34 m/ a, W RKALSEEHEIR A 9.98 mo K
fHHFAE 2009 4, fMEHBLAE 1982 4. 1K
PR VRT S AR 2 RB0H 0. 196, B2 flEL 4. 2. M
TRIRAET SR 1 B AR T i 2R (18] 3) WL H,
FEDX IR P MR SR B {EAE 1981- 1994 4, &
DL IV FA, 1994 1995 FERKEUAAE, 1995 LA,
P& PN EE N

3

Fig.3 Cumulative anomalies of groundwater depth
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Tab. 1 Test results of Sen slope estimation method

and Manm Kendall trend test

VRS Ziil I 714
Sen FFEAL VI 0.42
Manir Ken dall #3446 56 73 7.24 1.96
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Fig.4 Results of mutation analysis
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Tab.2 Influence factors of groundwater depth
fibr BRME BN BE dEE
fERE K 11/ mm 823.9  187.0  490.6  140.4
AP To/ (md » s1) 74.7 19.5 0.3 16.1
AR R 13/ mm 1678.0 794.2 118.3  278.7
SR8k 14/ (C) 15. 1 12. 6 13.9 0.8

IRHES KI5/ )7 m3
R KITR&E I/ J7 m® 14 008.3 5 358.0 10 067.9 2 506. 1
WIEIKEE 14 4.3 1.1 1.9 0.9

39 161.0 11 275.0 18 086.9 6 505.0
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Fig. 5 The changes of the seven influence factors with time
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Tab. 3

Regression coefficient

M2 3 WA, SRR KR SEE 5 /K A SR K
LEAE 1994 4F2Z 1/ AR 423 KT 1994 42 ), Judt
JEUETEG K E; HoAR 4 NMRFRTE 1994 2 11 284k
FINT 1994 2 J5, HAR R A i i i
4.3 AT ERGH/AET A E TR

i EIEES FIH) SPSS BAH R AL FRi)a 7 NAE bR
1981- 1994 4 1995~ 2010 4 FRAH 2R B B, Ehe 4 mT %, 7 AME bR (R A7 AR AN R
¥ 0. 495 0.218 PR A ML o FESRAZ T, S R Hs %) 0. 7 MU b
I, - 0.447 0. 539 [ AERR A (1) RUE R Rt ( 1) AR (1)
I 1 861 20.2 I TR TFSR b ( T )« 2602 e ( 1) PR K TFSR it
z 0.019 0.042 (Is), P AR i ( 12) UM R /K TFR k(1) 240
Is - 14.49 0.035 A, HARPIALE IEAR e, 76578 J5, M 2%
I 0.314 1 192 RO AT SR ( T ) RIS A H (1), AL 56
17 - 0. 164 -0.017 REAH 0.647 .
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Tab.4 The correlation coefficient matrix of the seven influence factors
ek I I, I, I, I I I
1 1 0. 728 - 0.185 - 0.247 0. 148 -0.375 0. 541
I, 0. 728 1 - 0.429 - 0.259 - 0.226 - 0.709 0. 549
I3 - 0.185 - 0.429 1 0. 538 0. 197 0. 763 - 0.568
FRALHI 1, - 0.247 - 0.259 0.538 1 0. 077 0.374 - 0.346
Is 0. 148 - 0.226 0. 197 0. 077 1 0. 332 0. 473
Is -0.375 - 0.709 0. 763 0. 374 0. 332 1 - 0.643
Iy 0. 541 0. 549 - 0.568 - 0.346 0. 473 - 0.643 1
I 1 0. 629 -0.221 0. 137 - 0.621 - 0.345 - 0.161
1, 0. 629 1 - 0.343 0. 162 - 0.213 - 0.340 0. 173
I -0.221 - 0.343 1 0. 296 0. 202 0. 633 - 0.516
KA S5 1y 0. 137 0. 162 0. 296 1 0. 231 0.118 0. 053
I - 0.621 - 0.213 0. 202 0. 231 1 0. 425 0. 408
Is - 0.345 - 0.340 0. 633 0.118 0. 425 1 - 0. 647
Iy - 0. 161 0. 173 - 0.516 0. 053 0. 408 - 0. 647 1
FIH SPSS B A X Bk 7 AN FEAR PR EE B 5

ZA 06, SRARH I K BRI A (AR A 78 2 B 4
A 0. 541 K1 Q0 655, KT 0. 5, o] LAEAT E oy
30T . LR SARAREFAEE KT 1 H Bt vk ek 2|
80% LA A HEN, 43 A HY 1981 - 1994 4FF11995~
2010 4 7 MNMEFR A LR 7, g5 R WK 5. 1994 4
HUJG PPN P8 B P B R 3 S E 1, 1981 1994
3N ER T R T Bk A A F] 85 664% , 1995-
2010 4 3 AN EH TR Bib o kg ik 3] 83 579% .
TENER: N7 B R R (2 6) Hh 1 B X /N T
0.8 A 1, $RHLH T [ Ji5 520 M 1 7K A7~ 1 1
R FHE 2R, 1994 4F 2 J 52 Wt R /K47 21 3 3
R EE— T oy F 2 2R e, Mok REUA 2
0. 900, £ — = B4 - A B /K B R AE AR U f
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Tab.5 Eigenvalues and variance contribution

rates of principal com ponents

fisf ) TRy VIRRRAEME TTEER RARTTECR
1 3.474 49.633 49.633
1981- 1994 4 2 1.490 21.291 70. 923
3 1.032 14.741 85. 664
1 2.703 38.617 38.617
1995- 2010 ¢ 2 1.830 26. 143 64.759
3 1.317 18.820 83.579

S, FIZE 2 H0 004 0 8880 906, &5 = - jlidr IR
FEG | KR Y, AHOCREUA 2] 0 987, 1994 4F J5 52
Wap bt 7K AP AR IR B — F2 il T AR K
HUR KT SR BRI K B e, A SG R B9 00 A2
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0 813.0 832.0. 891, &5 Tk 43 3 il 4E R4 K Al 7
ﬁi@%lﬂ(i ‘{j%ﬁ, *a%%i&ﬁj\%uj‘j a 917-.0 832, %\— Tab.7 Calculation results of grey relationship analysis
SN v g R v 1981- 19% 4F 1995- 2010 4F
=G AR R R GE, R REUA R 0 894, ‘
AL IR AL KREREE
6 PR E 0. 565 PR 0.617
Tab. 6 Factor loading matrix of principal components
AR 0. 569 AR 0. 745
1981- 1994 4F 1995- 2010 4F .
AR 0. 708 ! 0. 686
by A J A
' WWEAKE 0,553 1 K 0.700
1 2 3 1 2 3 _
R KT R 0.732
I, -0.041 0.888 0.210 - 0.094 — 0.917 0.173
RIFRKEE 0. 540
I, -0.269 0.906 - 0.185 - 0.371 - 0.629 0. 420
13 0.900- 0.205 0.101 0.813  0.205 0.249 5
1y 0.772- 0. 032 - 0. 055 0.144 - 0.038 0. 894
Is 0.119- 0.028 0.987 - 0.039 0.832 0.436 (1) FEIX 1981 2010 4FHu KA. T35 SR FEA
Is 0.693- 0.563 0.250  0.832 0.347 0.121 SR SEX B g O 0. 34 m/a, 1981 -
I;  -0.556 0.557 0.555 - 0.891 0.342 0.227 1994 FERE X KA 350 SR AH I /D a3, H ARk

Zr EPTIR, 1994 42 1, HEX bR /KA P34 HE
RE B AEBOK R R R R AR & BT DK E
X 4 ANKIZE R, nTUUE SRR ER T 1994
RS R OKAL R I R R 1994 4F 2
J, VHE DCH R KA P 2 3R T B AR R KL R R
VTR IR S K & H R KOER &= RIE A
IKEGIX 6 AR 51, H AR DR R DR 32 3 52
Wi 1994 4F J5 1) R ZKA P35 HEYAR
4.4 A TREKRKE X0 EZFH T

K K A8 QT 5 ¥ 4y S o 3 DX 58 AR A i
Ji o A5 S DR 6 R DX M R AT ST 34 HER R 5
FRRE o AR o0 A €8 0C B BEVE A 41, 43 it
H1981- 1994 fE R K & FER T E . KR 5.
HE 51K SIX 4 AN D25 0 0 b R 7K A S5 1 R
SEMFERE, 1995— 2010 fE4E PR & 28K & 4F
SERRUR IEES KB R K TR &I K
LI 6 AN R 26 Bl R /KA P S R S ma e B, o
AR 7. K Ik BePR 25 5 Hh R KA T35 MR
R BERE KRB N HE P, 1981 1994 456 BE &
Hep A2 ks> FERTE> FRKE> #ES
KE, 1995— 2010 4E5C K B HEJP o4 28 kit > Hh
FOKTFR > BER GIK &S Ailh> FREKES>
RIFH KL

BB BE KT 0.7 IR FRA =27,
1981 - 1994 5% e #ly T 7K A7 1 B B 1) = 3 A 1
NZE R, 1995- 2010 FEFZ WML T KA1 35 I 1)
TSP IOh 28 % B M R KT RS R RELE 51K
I, R WE DX R OK B A B R e # it B AR R R
A NN 2R AR R %

IR, 1994 4F DG 7K AT 3310 R {2 I8 K&
B AL ARG

(2) XHEEIX 1981~ 2010 A N /K A7 7 B IR P
HUISK I B T Ky 563k RG] (9] 5 A8 434 1k, 45
VEDX Hb T K A7 P 3 SR T A I 98 AR AU AR
1994 4,

(3) U F1853 B 12 2 B SR A1 Jig 5% i
DR 7K AP SR 1 2 B ] -, & S 3 B
X Hb R KA A VRAE 1994 4F2 B, T35 524F K
VPR EREVRETUKERX 4 MR ERE
Wiy 1994 52 J5, FEERZAERKE R R EVETY
AU VIRBEGIK & 1R KT K& IR HK X 6
ARV ZE IR MR o SR K B8 DG IR RE VA o 5% M o8 AR A
T HEDC R AR P34 HEER 1) 3 S T, &4 R W,
1981- 1994 43 FK 1 2Kk &, 1995- 2010 3
TR R 2 R R KR SR RELR 5 K, HEX
H R 7KZ) A5 2 DR 3R EH B RDR 3 A Ok TR #
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