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Groundwater table forecast in Da’ an City based on multivariate time series model
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(1. College of Environment and Resource, Jilin University , Changchun, Jilin 130021, China;
2. China Enwironmental Resources Technology Co. , Lid. Beijing 100107, China)

Abstract: At first, the influencing factors which had great relevance with groundwater table were determined by the
principal component analysis (PCA) method, then established the groundwater table forecast model by using the multi-
variate time series CAR model, according to the information as rainfall, evapovation, groundwater exploitation and
eroundwater tables and so on from 2000 to 2009 in Da’an City. Also the model was validated and applied to forecast the
groundwater tables. The result shown that: The correlation coefficients of agricultural water consumption, precipitation
and evaporation with the groundwater table were 0.56, 0.46 and — 0.13, respectively. The contributions of the three
factors with the groundwater table were 43.09% , 27.45% and 21.39% , respectively. The total contribution rate was
91.93% and they were the major factors affecting the groundwater table. The relative error between forecasting value and
measured value for confined and unconfined water tables was less than 5% . According to the forecast scheme, when the
rainfall was reduced 10% and evaporation was increased 9% , and the agricultural water consumption was increased
11% , the confined water table will be reached 8.70 m, and the unconfined water table will be reached 4.55 m. So in
drought period, the agricultural exploitation should be reduced properly, the surface water irrigation should be increased,
to reduce the possibility of soil desertification.
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Fig.1 The geographical position of the Da’an City
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Table 1  The exploitation and utilization of groundwater

resources in Da’ an city from 2000 to 2009

) B/ WML/ 10° hor
Number of wells Trrigation area
2001 1900 3.11
2002 5600 1.91
2003 7100 2.60
2004 7500 2.96
2004 7554 10.00
2005 6290 10.87
2006 7672 11.80
2007 7890 12.09
2008 6244 12.09
2009 6919 3.80
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Fig.2 Change chart of average monthly groundwater tables in Da’an City from 2000 to 2009

2500

[
<
<
<

1500

1000

1% K & F1 28 R f/mm
Rainfall and evaporation
wn
<
[==
—“

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

L L L L L L |
< —_ [sS] w = W [=} ~ oc

MR 7K 2 9% Groundwater depth/mm

E4) Year

B 4E k%K 2 & Annual rainfall
—h— W KT MR

Yearly mean depth of unconfined groundwater

[0 ##% kK & & Annual evaporation
—— 7R R T R

Yearly mean depth of confined groundwater

3 2000—2009 & 9t T KA BRI AL B
Fig.3  Change chart of average yearly groundwater tables from 2000 to 2009

R T 43 B O R KR AR AR 5 i R ) R
SRS [ I 8 1 0 VR e A R = 1 7 VT 0
2000—2009 4 B9 &k FH K &= (X)), Tk K &

(X2) TS IR (X3) AFREK B (Xy) AR B
T (Xs) YR AT, M SPSS /AL AHSKTT 7,
SRR R R 53T /KSR A AR DG o i i 2



5534 5K LI AE - HE T 22 AR H B[] 3 4 AR TR g R T b K R T 215
BRI LR 1 F R BE A 0. 137, HIBRAS 3 M55 1) CAR
Fi = 0.56ZX, - 0.49ZX, + 0.05ZX; — 0.41ZX, + BRI GR AT,

0.537X; (9) AR KR«
Fy = 0.46ZX, + 0.01ZX, + 0.77ZX5 + 0.30ZX, - Yy =0.69Y(,_1) +0.17X 1 ) - 1.31 x 107X 5 ) -
0.327X;5 (10) 091 x 107X, 1) + 2.64 x 107°X(3,,) + 4.82 x
Fy = —0.13ZX, +0.64ZX, + 0.40ZX; - 0.60ZX, + 107X,y (12)
0.247X (11) TR BRTR

AR B BT TTEk A 91.93% By =ASFE
A% FLTTHR R 4 R 143.09% ,27.45% ,21.39% , H
(9 = 11) AT, X H R KBRS M 85 K i) =4 &
B RKUCH R K= Bk e KA MR
B8 :0.56,0.46, — 0. 13, RV IF R T 7K 1
S F K, T L B A 388 o, L e R o 4k 2
SHA

4  CAR AL 7 50

4.1 BSEWHRESHERES

H1 LA 143 B ] ol F /K B K i 2R R e
S ZE DX T /K R ) BB 2, PRI, 7 A5
HPRE DA AR S R A AR i BRI K R R KRR S
IR R s FEST CAR 58 Horp | K i 4
H i F =3.478, B TR K ) I8 25 K- 0,05,
FEALET R 4 f /N o s s o 100, £
st [ ] CAR 530 2 B ks B0 45 R 0 CAR (p ) 5%
FZTFHN 0, CAR(p - DIRZEFHFM S(p-1)H
0.022, BRE R F RS R - 240231, K B0 {H F
H 3,478, 3 R B YR AR Y 4 S B I Bk 25 O LS
40,022, 358 B S BRAS b 35 R 2R S5 AT ) ik 22
ST S S 0.024, FI W 5 Wz BRAS B35 T

Yy = 1.31Y( ) + 4.99 x 102X, — 2.15 x
107X,y +1.22x107° X3, ,) -9.57x 1073 X5,y
(13)

Hor, ¢ ISR 50 95 o LA IS 223k 2RI Ry S R
FETTHE O /Y B 181U 22 850 A T 7K SR S0 A5
T Y RS I B B — P A TR R
4.2 HREWKK

Rl T 7K SR OUL I E 55 45 R TR B PR (LA
P, 308 b WL ADL5 175 0 SR R 15 2 A6 B A AR 1 s
JE AL 2k UL IR 4, AR 22 LK 2,

=}
J

8_
=4l
gs’
@'UG-
=55t
I Tt
g%;-
5 3
52t
l,
0

2002 2003 2004 2005 2006 2007 2008 2009

H A7 Year
—o— & T 7K HE V7 30 3 {E Measured value of confined groundwater depth
—A— ¥ 7K HE VR W 3 {& Measured value of unconfined groundwater depth
-7 FR K MR #U 5 UL Simulation value of confined groundwater depth
B K M YR L 45 {E Simulation value of unconfined groundwater depth

4 TAKERBERL 2

Fig.4 Numerical simulated curve for groundwater tables

Fz2 HMTKERRETER
Table 2 The error calculated table for groundwater tables

HHE KR Confined groundwater table

WK HEIR Unconfined groundwater table

AEALN

iﬁi ML B/ m & EH/m AAXHR 2L/ % WL B/ m MG 1E/m AAXHRZE %
Measured value Simulated value Relative error Measured value Simulated value Relative error

2002 6.93 7.05 2 4.44 4.56 3

2003 6.48 6.53 1 4.33 4.26 2

2004 6.19 6.08 2 4.04 3.88 4

2005 6.57 6.81 4 4.37 4.22 3

2006 5.93 5.89 1 3.89 4.03 4

2007 5.98 5.82 3 3.54 3.44 3

2008 7.54 7.33 3 3.79 3.76 1

2009 7.58 7.72 2 4.44 4.24 4
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Table 3  Forecast groundwater table under two exploitation schemes
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/10"’ /mm /mm /m /m
2009 18.60 1641.60 406.30 3.91 7.29
T 1
Predicted ~ 19.53 1723.68 426.62 4.22 8.20
value 1
i 2
Predicted ~ 20.46 1805.76 446.93 4.55 8.70
value 2

H1% 3 AT LLE Y, MR K 08D 5% , 28 K i
5% A K I 5 9% 16, 7 R K 3R 3 15 5]
8.20 m, V& /K HETOKE K B 4,22 m, YK & D
10% , Z8 KI8T 9% , A /K B 38 1% i, &
FEAK BB EF] 8.70 m, V&K HEVR KA F] 4.55 m,
FH U AT DL , 7R OR — B B[R] AT, S 2R 15 LA™ B
IZ3E Al FF R i, 505 | AR K BEAT A
TEWE , & BRI A ], AR T 2 X T 5 )
AR B LT KR

5 48

ORI U SE A IES A TIPS E A EINRIPS
PEJEAT T 20 br, e BRI K B (R K B R A AR
PSLPANCSIRR L Y L N (SpE i HES I R VAN
KT CAR B, Ffff ARz 2
RGBT , 45 ) T EZ LB IR

1) WROKIRR 2 TG AR AR W ., T R e 7K 2
DRACALHT G , o T /K TR B e A Al 52 B S A =1
AR . A SR o3 M SR =SR2 M R 7K

HRE FEZ AR, B 328053 X0 W 1) 5T Bk 2853 51
43.09% ,27.45% ,21.39% , 4\l /K & 5 3t T /K3
TRAA MR R, AR a3 5l ok i 78 ki, HAk
Ml TSR A 8 X 1T K R ) 5 M A S TR AR I A
f=E

2) BN 2R R B[] P AR CAR BRI R 8
ARG FUIN  H AK HRR, HARAUE 5 H 5L Z [A]
IAIRHR 22 /NF 5% o Mo F K IFR I E R, 2B
IKELIRA 10% , 75 A TN 9% , 4l FH K 52 38 hn
1%}, A K HEGOK T8 5] 8. 70 m, T /K HEGOKS 15 3]
4.55 mo A HRID A R A G 0 K RE A
T/ Nl T KRR 8N - VDAL R AR AT g o

2273 ][] P A RS0 ) o PR LA — 2 1R
PR, AT Sl i R K R AT 5 02 2R 52, AR TR
WEFEAMARNY, Tl A= 376 FHZK S5 SR Gt 1) ) 25
XTHE T AR VR R, R L, 1B Y CAR BEAL S 4K
(ARG FE e SR 2 BN BRI o i — B4R S 4 A
G S MR KRR B D& R, 37 R A ) T A
R AR RAI T A S Iy 1)

2 % X #:

(1] MEE, T i ORISR 5 b Ak e B 1e i ag
M1 565 U409 5T , 2005, 25(4) : 474-483.

(2] K IR, 2EE. T REEBIAE MK Dok ar 1]
T4 ,2010,41(3) :264-271 .

(3] B S, BT, s IR, 25 T AR SO o BP (R 285 g A Y
S BRI [T] K242 ,2004,2(2) : 88-93.

(4] X1 8N4, = W%, 5% O 0PI XA I R K
RIR AT A FT [ 1], K 906 5K TR 2% 41, 2012,23(3) - 135-
137.

[5] # F,ZEHEM, 2 Wi,%. CAR I SVM ITiETEIRI & 45 K
FA R TM h  H [T]. R 5B R, 2008,31(1):
16-19.

(6] Z=F22, ikme, Fesb 4 . i ABEhklE AECRMCIRA ) CAR
TR (7] BdESe T 548, 2010,29(6) :970-974.

(7] &2, T0m, b 5% T2 Rt R T 5] CAR BRI
R KHEER BTN [T] . Alk TRE2 42, 2011,27(7) : 64-69.

(8] #7difld. KRR +HUKERIE R IR KA 5E [ D] . 7 #K.
FARKA:,2012.

(9] MREEE,IVEE, 5 I, 5% ANROT UK £ O RS 6 (9 AL F
78 [J] . 7K E 524402, 2006,20(1) : 155-159.

[10]  BKEA#R . 5| A FEMEAS 24 T 3T 7K B 36 A5 AR 25 5 0L 4 5% 0 F
FE[D]. FHhR: F MK, 2012.

[11] FER, % 0 MWEE, & TR X K% ARG FF5T
——DARA BT i 74 R A AR R B [T AR 2 4R
(BERBLERR) ,2006,36(1) : 73-77.



