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Prediction research on the groundwater table in upstream, midstream
and down stream of Hetao Irrigation District based
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Abstract: This paper taken expanding and deepening the regional prediction research on the groundwater table as
the purpose, adopted the random theory to establish the groundwater table prediction model based on the weighted Markov
Chain to predict the interval value of groundwater table in the upstream, midstream and downstream of Hetao Irrigation
District, Inner Mongolia. The result showed that: After the water saving rehabilitation, the groundwater table in mid-
stream of Irrigation District will be at the interval of 2.380 to 2.742 and the groundwater table in downstream will be at
the interval of 2.218 to 2.506. These two interval values are total larger than the critical groundwater depth of 2.0 m in
Hetao Irrigation District, Inner Mongolia. So the salinization in middle and down stream of the Hetao Irrigation District
will be expected to further alleviate in future. While the groundwater table in upstream will be at the interval of 1.227 to
1.727. These interval values are total less than 2.0 m which is the critical groundwater depth in the Hetao Irrigation Dis-
trict, Inner Mongolia. Therefore, the upstream of Hetao Irrigation District will be the key control region for groundwater

table in future.
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Fig.1 The schematic diagram of the research area distribution in HeTao Iirigation District, Inner Mongolia
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x=2.561, 7% :5=0.362,
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Table 1  Classification of groundwater table in lower reaches area
K& IrRE B X [ /m
Status Classification criteria Interval value

1 x=x+1.0s 6=2.923

2 x+0.55<x<x+1.0s 2.742< % <2.923

3 x—0.5s<x<x+0.5s 2.380<x<2.742

4 x-1.0s<x<x-0.5s 2.199< x <2.380

5 x<x-1.0s x<2.199

2) R T AR ERG E 2007 45 7 H—2010
A7 H T KRR 55 APIRES , IR 2,

®2 WEERTHE 2007 £ 7 A—2010 4 7 Attt TAIBR R H = B
Table 2 Groundwater table and its space status during July, 2007 to July, 2010 in downstream of Hetao Irrigation
¥ 51 B[] Time R KR /m RAS ]l 1] Time T KR /m R
Sequence (Y-M) Ground water table Status Sequence (Y-M) Ground water table Status
1 2007 - 07 2.238 4 21 2009 - 03 2.823 2
2 2007 - 08 2.317 4 22 2009 - 04 2.652 3
3 2007 - 09 2.519 3 23 2009 - 05 2.661 3
4 2007 - 01 2.708 3 24 2009 - 06 3.009 1
5 2007 - 11 1.880 5 25 2009 - 07 3.302 1
6 2007 - 12 1.790 5 26 2009 - 08 3.065 1
7 2008 - 01 2.448 3 27 2009 - 09 2.926 1
8 2008 - 02 2.686 3 28 2009 - 01 2.970 1
9 2008 - 03 2.787 2 29 2009 - 11 2.393 3
10 2008 — 04 2.619 3 30 2009 - 12 2.058 5
11 2008 - 05 2.440 3 31 2010 - 01 2.339 4
12 2008 - 06 2.197 5 32 2010 - 02 2.589 3
13 2008 - 07 2.382 3 33 2010 - 03 2.881 2
14 2008 - 08 2.842 2 34 2010 - 04 2.993 1
15 2008 — 09 2.753 2 35 2010 - 05 3.008 1
16 2008 - 01 2.179 5 36 2010 - 06 2.465 3
17 2008 - 11 2.053 5 37 2010 - 07 2.428 3
18 2008 - 12 1.926 5 38 2010 - 08
19 2009 - 01 2.677 3 39 2010 - 09
20 2009 - 02 2.746 2
3) XF 37 4 H A3t T OKSEERAE & R e . i 57170 277 0
2 SRALGOR AT B RS BEE RS (f;, ) F— 2D e RS /6 2/6 2/6 1/6
BERHE Py P;=|1/13 4/13 5/13 0 3/13|=
502 00 0 0 2/3  1/3 0
1 2 2 0 1 0 0 37 1771 3/
fL] =11 4 5 0 3 (5) 0.7143 0.0000 0.2857 0.0000 0.0000
00 2 1 0 0.1667 0.3333 0.3333 0.0000 O.1667
00 3 1 3 0.0769 0.3077 0.3846 0.0000 0.2308 (6)
0.0000 0.0000 0.6667 0.3333 0.0000
0.0000 0.0000 0.4286 0.1429 0.4286



210 T H X ALY o532 %
5O 26 0 2/6 1/6 1/6]
= l 1 44,, N = N
22 y OgP = 30104, BREBFIAT /6 0 26 0 3/6
05, A1) %\uﬁ Y2((5-1)7%) = y2(16)  P® =[3/12 1712 6/12 0 2/12
= 26.30,!7%1 x> > xa((m = 1)%), B R K EEA V3 0 113 0 173
75 2 Pk L0 57 277 0 0

4) FIH] Matlab7. 1 a2 550 M T 7K BELR e 571 25
B A ASE R B S, 45 R I 3

x3 EMBEHEXRBHEMSKHIRATKXENRE
Table 3 Each autocorrelation coefficient and

weights of the Markov Chain

T 0.5757 0.0388 -0.1716 -0.0728  0.0745

wy, 0.6168 0.0416 0.1838 0.0780 0.0798

5) MR 2 2giHTEARIE KN 1,2,3,4,5
b IR AY KA PR R MR 3R
577 0 277 0 0
/6 2/6 2/6 0 1/6
PV -1 1/13 4/13 5/13 0 3/13
0 0 2/3 1/3 0

-0 0 37 1/7 377
[ 3/6 0 2/6 0 1/6

6 0 3/6 0 2/6
PP = 13/11 3/11 2/11 1/11 2/11

0 173 23 0 0
Lo 277 47 0 1/7

1/5 0 2/5 1/5 1/5
2/6 0 3/6 0 1/6
PW =12/12 3/12 5/12 0 2/12
1/3 0 0 0 273

L1777 3/77 277 0 1/7
[0 175 2/5 1/5 1/57]

2/5 2/5 1/5 0 0
PY = 14/12 2/12 3/12 0 3/12
0 0 23 0 173
L1717 471 0 1/7.

6) M4 2007 4 7 H—2010 4E 7 H (3 K /K4
TRIGE AR S HAH N7 1 DR 38 7 6 A 32 A B4 X 2010 4F 8
H R K SRS T B0, 455 403k 4 PR .

7) HFE4) A M, max { P;, i € E} =0.3532 <
0.5, HCR P RE A TE I B R

8) i iFIHE A, 2010 4E 8 H AL T K BRI IR
A 3, % W KPR X (8] 24 [ 2380, 2. 742) , 1
2010 4F 8 H By ST K MR A 2.563 m, 4 o HL 2
Bf, PSR EAAR G A 2.737 m, RN 6.79%
M o B4 B, n R H EARBUNAE A 2.785 m, R 2EH
8.65%.

x4 2010 £ 8 A FKEFRRESTM*E
Table 4  State prediction for monthly groundwater table in August, 2010

wIH A N it/ A &N KA1 RE 2 RE3 RE 4 RES MEFA
Beginning Status Lag time/month Weight Status 1 Status 2 Status 3 Status 4 Status 5 Probability source
2010 - 07 3 1 0.6168 1/13 4/13 5/13 0 3/13 P
2010 - 06 3 2 0.0416 3/11 3/11 2/11 1/11 2/11 pe
2010 - 05 1 3 0.1838 2/6 0 2/6 1/6 1/6 P®
2010 - 04 1 4 0.0780 1/5 0 2/5 1/5 1/5 PW
2010 - 03 2 5 0.0798 2/5 2/5 1/5 0 0 p®
P, (JNALFN) Weighted sum 0.1676 0.2331 0.3532 0.0500 0.1961
Sy (PSRN ) Status value 2.874
S4(FAVFHEME) Status value 2.925

HF 2010 4 8 H A LR K G A 2 R R
G EFELL 2007 4F 7 H—2010 4 8 H KT /K HE
VRGERHNN 2010 47 9 H A H T /KBRS HOR A, 1
MEERIZE 5,

A2 5 Al max{ P;, i € E}
SR VR R A AR 0 o R A

WATTTAS,2010 4F 9 H i F KRR AR

=0.4375<0.5,#k

3, X AL KRR IX (8] A7 [ 2. 383,2.740) , 1 2010 4§ 9
H SR K BER A 2.488 m, 24 o B2 i, Al sk
ELRTUNAE A 2.882 m, 224 15.84% . 24 o HL 4
if, AR BRI N 2.872 m, RN 15.43% .
PRI Ay H R TR SRR 9 5 e, — A A A X 15 22
INF 20% R E 24 NG S XTSI I FH A 7
BT R KRR Hr R I IR FTA T AR
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Table 5 State prediction for monthly groundwater table in September, 2010

Btk A W& it/ A &N RE1 RE2 RE3 K& 4 RES BRI
Beginning Status Lag time/month Weight Status 1 Status 2 Status 3 Status 4 Status 5 Probability source
2010 - 08 3 1 0.6169 1/14 4/14 6/14 0 3/14 P
2010 - 07 3 2 0.0416 3/12 3/12 3/12 1/12 2/12 P
2010 - 06 3 3 0.1837 3/12 1/12 6/12 0 2/12 P
2010 - 05 1 4 0.0778 1/6 0 3/6 1/6 1/6 PW
2010 - 04 1 5 0.0800 0 /5 2/5 /5 /5 pe

P;(JIALFI) Weighted sum 0.1133 0.2180 0.4375 0.0324 0.1987
Sy (FHNFFAEIA) Status value 3.023
Sy(ZHNFFIEIA) Status value 3.013

9) bR AT FAE R RRIE 73 A Gl Py Ve 5 P R o A
S3HT) B3R 5.6 AT, KR 1 R AT R4k A
MRPERCSR , B L BE R AE e M A ], p HOR S H
A

517 0 271 0 0

/6 2/6 2/6 0 1/6
PV - 1/13 4/13 5/13 0 3/13|=

0 0 2/3 1/3 0

0 0 /7 /1 377
0.0000 0.2857 0.0000 0.0000

0.3333 0.3333 0.0000 0.1667
0.3077 0.3846 0.0000 0.2308| (7)
0.0000 0.0000 0.6667 0.3333 0.0000
0.0000 0.0000 0.4286 0.1429 0.4286
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Fig.2 Schematic diagram of state transfer
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0 ZFE IR ZS R 55 (5 R AH 295
JRA] RAE , BOMTZAE R 5 RS RIE R R 1Y 48 L
WAL, B DL % 2 i D7 1 CIE R AW 2, 1B 5

0.7143
0. 1667
0.0769

1R ) o PRI, Ak g 3L, A B A7 A P — PRSP R 00
A1, HLIG S 8P F8 531 RIA B AR BR 0 A
WIEE PR i K (. j € EF RFRSM K
R TTREN «
271',' =17 = er,pij,j € E (8)

€ E i€
Ao RS s SRS TR
py FARES § B H— SRR,

AR K 1 RS P RaR(8) 15y R4l
T+ T+ T3+ My + 75 =1

0.00007r; + 0.33337, + 0.307775 + 0.00007, + 0.00007r5 = =,
0.28577, + 0.33337, + 0.384675 + 0.66677, + 0.428675 = x4
0.00007, + 0.00007r, + 0.000075 + 0.33337, + 0.14975 = =,
0.00007, + 0.16677, + 0.23087; + 0.00007, + 0.428675 = 5

(9)

5
i Dy RIS WL ;> 0( = 1,2,3,4,5), 2w, = |

j=1
(g M — ff o, = 0.2028,7, = 0.1739,7, =
0.3768, 7, = 0.0435, 75 = 0.2029, f L AT ff A3 F-
S A SACIRAS BN 6 iR, HAolRAE j &
BT = gy = Um , WRERIER P, = m (0 = 1,2,
3,4,5),
F6 THEIERAGTSERSENHE

Table 6  Stationary distribution and return period for

each status in lower reach area

WA 7
H,““ J 1 2 3 4 5
Status

; 0.2028 0.1739  0.3768  0.0435  0.2029
T =g 4.93a  5.75a  2.65a  22.99a  4.93a

i BEASTEW 5E 1) 70 s K8 BUA A9 BERHE
SNHEDRT , 75 PN S T2 0 DR i Xt R K S GRS
3Bl R R 2.65 a tHBL 1K, HBE
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FIMESE A 0. 3768, o 3l 2 Ud JHE DX M T 7K 34 R Ak 7E
(2.380< 0 < 2.742) AL S e R, U N /KRR A 4
(2.199 < x < 2.380) B HL & 3 D, V34 B B
22,99 L 1 W, BRI BERE Oy 0. 0435, R K3
IR 1(x=2.923) 1 5(x <2.199) H I HL A3
AN, B AR 4. 93 AR BE 1Yk, BB AL
T 0.2028, Hi R KR 2(2. 742 < x <
2.923) IS IR TARAS 1 5, F 2 RERE 5.75
AP 1R, BRI R R 0.1739,

[ B4 b 3 B 2 R ek ml A5 B P S5t i
HE DX B AT e 0 TR S A S ARAS B R R
7.8

K7 LHTFESBSERTENPR
Table 7  Stationary distribution and return period

for each status in upstream area

e
R j 1 2 3 4 5
Status

. 0.1969  0.1965  0.2486  0.1485  0.2094

J

Ti=p, 5.08a 5.09a 4.02a 6.73a 4.78a

®8 HFHFERFRSBESZIRSERHE
Table 8 Stationary distribution and return period

for each status in middle reaches area

Status ! 2 3 4 >
T 0.1250 0.2750 0.3500 0.1000 0.1500
Ti= 8.00a 3.64a 2.86a 10.00a 6.67a
-+ YA\
4 45

1) MK IR R Kk AR RS B
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AAERZ IR LT K AN AR HEAE B AR AT WL
AR EL U A T 3t 2 P A M A TR G ] 14 55 e
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T[2.380,2.742) IX[H], T i XA b T KSR BE 2 1Y
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