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Prediction of Groundwater Level for Reservoir
Slope with Nonlinear-Combined Model
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Abstract; With the monitoring data of groundwater level of some reservoir slope, the nonlinear-combined
model was established on the basis of establishing the time series method and speed analysis method. Upon
the comparison, it was found that the precision of non-linear combined-model was higher than that of single
model. It was an effective prediction method for groundwater level of reservoir slope and could be employed
for stability prediction of reservoir slope.

Key words: nonlinear-combined model; time series method; speed analysis method; reservoir slope; slope

stability; groundwater lever prediction; groundwater

KV E K 5 T R 3 AR E R) A — A R
TE o SR P 3R 7R AL 9 728 X 3 A% 1 A8 T
Wi 5 R MR KR T R T R A e A R S
BORHERI N ER . RN LT KA 1 2 A 52 2 R I R
FRRZ W & 26 7K A7 % Al R R T At G b i 4 o
BRI P TR KA A K B T 2 AT R
7 L SBAR E U TN ) AT R 4 () IR e i R K R
TAIs g IR . & T MR K AL B 0 R R H Rl
A VFZ 7 1 W 8] PP 81k @0 T % | i 2 ) 45

A% B H:2009-05-21

5 R RN ik S B A% Bl D5k R A A0 Bk
R IRl £ 1 AT AE 5 B N SR AR A AN
AL P 28 BB RS . AT B — ) T A TR AR M 7R
o A RS B T 2 21 5 00 B R R % 58
AT A% LTI 7 3 P B 4 1 £ R A AR B e
R RS

WG 32 SC LA 57 3t T K I ) RS K R
s T %K A R AR R DX AR 2 R R
TG G R A SRR 52 3 R K R L T K

K42 R  EFPE SR E (2006 BAC10B04) 5w = B} 27 B A1 )3T T 3 % 5 m 3 H (KZCX2-YW-302)
Y RMA Q977 2 T AR R BB R FE KB IR 5T » (E-maiD) annedeng@163. com,

http://gks.cqu.edu.cn



32 + K # #®

533 % &

% 32 %

{37 2 BB 2R K AL I S AT AR A o T 7S 7 7 A 3L
HoA W A s 1) S 0 B A3 SCAE 2 A 0 98kt
Al b e S T[] Bk R S R A ik
BB AR5 T M Al b S T AR S A S S
BRI Ay BT e WYL AR 2R 1 2 A T A Y A R
JE v TR Al 2 PR 2 U AR Y — AR 4
FI89 2 20 5 3t RS R B 7 0%

1 FF&R G TR A4

AF 2 e G T A AR AR o B — A R B A S A
TP TI0I 45 2 L AT AR M4 G AT 4 e 5000 ) R
JERRG RE MR o %3 F B S ASC I 0 SF- 25 4H 5 T
FEALEOL

P — T (7] A8 £ A 2 16 AR 9 9 s
t=1,2, =, N }JAF7E n P 0TI 7 vk 0 Fe kA7
TR L BEES ¢ b IR Jy VA LRSS ¢ I 20 i S50 (R
furi=1.2.30 . m.t=1,2, N, H3E B F1
FEEOTRE AN, AL

X6
fo=- Ak (D
Horbra f, 2 ¢ W ZR AR FF- Y 20 5 FOAE s &0
B FOTIER A G AR B Ho R AR E

Zk,- =1,k = e AT IFE AU

GIRESEIRES RIS /O PR X ISP
QIEAN T NS (2)

= S S
¢ B2 BTN R 2E N e =

'éﬁ ¢ R EIN 5 3 A 5
— = A PN R AR SR ¢ I 2 A T R 22

Ve f,

1 1
), = i =1,2,3,
e o f/ 3
TR 35 22 5 7 F A o D0 A 3R B A R Y 4 T

TR T 5 e e Ak Il A

0,0 = 1,2, +-

WMyl = 1927 "'9No )'_1'“/‘/(

minJ = Ze:

e, = 2;—1:% (t=1,2,,N) (3)
Dky=1, k=0, i=1.2.+.n
AK:(kl’k?7°"’k)T :(E)x vKﬂ‘jQH

G TN ASE A B A ) B E Sk 2H A TR0 £ R 22 Py U7
IR, E, —Eeeﬂ, i, =1,2,3,-

st =1,2,

O NBHER=(1,1,,D7, 0,

min] = Ze? = K"EK , W3] AHL4% M H e 7

s At 264 LB B
 E'R
K=grTER S

2 B P B R TR AR A Boik F 5Tk
A A

2.1 EhE A E

IR ) 7 510 32 4 T D00 Xk G 4 BRI ) R 1k 37 LA
153 735 TN ) G2 3k 2 i g (] f) 22 A R DA T 4 BT 4
Ja AR A SR A . S E R OK R &
TR & P K ASE AR A b T B 3 B PR B AR M R K 7
(A8 AR B0 o PR 2 300 3% 1 bR K A2 A8 6 2 A BT Y
R RIS THRE S A SO R T AEF
RS B IRFIR] 52 3] o R - A28 I (8] 5 1) o Z50KE 5
A RSB I ) R 81 A RE T AR (n) £ B 9 47 931
PO H A A 2 Pl B 5T AR I R
BRI, 1% 3R F 22 70 15 T B i 4, gk 1 45 3
AR BEATL T, P XS - S B BT %) T 45 2R R A 4
Aok H A RN ) 00 £

T 7 18 B3t K AL B B 48 AR F 51 Ol { =
W (=) BEAT 2203 JE A 2P AR BE LT 51 (o, p 120 WJ

Nz =2 2 (5)

— 2z, t =z (6)

2

Viz,=v(vz) =z,
d

Viz, = > (= DChz,, (D

K (5, (6) . (D3R Fa i 8] 7 91 { =, } 1) — B

iy M AT B2 43 5 AT LA 5

TS ).

R e R A 8 (e ) B SF AR M S  R  A OF AR
P BEAT (8103 70 B 5 40 SRAS 3 2 )% (e, ) P R AT 22
Iy HEW L.

X T PR BE LA I3 (e, BB SE X T R 51
S—JC A BHH ARG BEHY, BAR AKX INT

n
= D Bxr
i=1

= /31 T +,82 T2 +Ba P +B111.t*71

(®)
KHren B RHBE BRI E B G=1,2, ) B
R 1 2 R AL
X 1 5 0] 455 B ATC o U] 340 BT 9 %% . 7 )
MATLAB % K f#

http://gks.cqu.edu.cn



%14

AR, F A RS AR A R R DO T KA TR P 6 2 A 33

2.2 ik FpapiEtt

H R KA Y 3 R4 A v SR T [F] — B AR Ml BT FR
BRAMTHER IEET T —aEn [ st Z 5, Fl
FH bR 7K AL B PE 7K A A8 Ak 1 3 238 A7 0 A Al B R
oK — 2 I (] bR K7 AT BE A AL B AL R . T
IKAE AR A R 38 R e T8 B b B/ R — M B A R
BN . R KA AR AR 1) RN B T
IR ZE AR ) K /NIRRT HLE S 755 R4
B SR FB B PERE

VI 03 305 b T 7K A7 B B () 7 A8 b TR A N

Ay, %
At

SV, S LI TR T AR A T
TE AL A T /K e b TR 3 4 L 6 (8 R 3 F K e
R R 5 7 5 Ar g i K 7 4L B 2 57 6 B
A s Ah, AE Ar WA PR KL 6075 A B S,

Fh R 2T L5 o e e — I ] £ 9 3
TR A 2y

he = h +A+pV.T (10)

S T B 1B K7 ms A, S B K
fir s T S T 2 220 ) 245 o ek 220 26 1 i e
i 5 K SCHL I B TF K

T K S TE R R SR A gl T
S K 3L 49 ) e T A O 3 3 1
ol 5 UL LB 8 K 3 B S R T R

3 B

R S T TR 7K 1) 3 0L 2 300 33— A M R Al L
HF KA 33 A~ 1 (1986. 10— 1989. 6) [ s Il %% A}
(£ D iz ER 00 J5 3% » 43 5 Sz i ) 5 ) i
L TR T 38 4 B T A AR, LRSS N

V, = D)

A1 43U 2 3T R4 ME ) e R

W KT MW i ] FEAkfn WrifE
1986.10 2 460.73 2 496.50 1988.03 2 530.11 2 498.53
1986.11 2 500.41 2 496.70 1988.04 2 528.12 2 498.65
1986.12 2 507.19 2 496.56 1988.05 2 527.80 2 498.75
1987.01 2 511.22 2 496. 46 1988.06 2 527.83 2 499.00
1987.02 2 514.41 2 497.00 1988. 07 2533.6 2499.13
1987.03 2 509.43 2 496. 87 1988.08 2 533.75 2 499.23
1987.04 2 504.45 2 496.74 1988.09 2 534.00 2 499. 35
1987.05 2 503.50 2 496.62 1988. 10 2 543.00 2 499.50

5k 1

I 8] JiEIK AL e e i 8] FEAKAL MEE
1987.06 2 502.45 2 496.49 1988.11 2 546.00 2 499.90
1987.07 2 487.11 2 496.76 1988.12 2 547.60 2 500.11
1987.08 2 529.60 2 496.92 1989. 01 2 541.85 2 500. 82
1987.09 2 532.05 2 497.36 1989.02 2 536.63 2 500.97
1987.10 2 537.36 2 497.61 1989.03 2 533.06 2 501.16
1987.11 2 540.54 2 497.95 1989.04 2 531.31 2501.18
1987.12 2 539.72 2 498.38 1989.05 2 532.66 2 501.22
1988.01 2 535.70 2 498.35 1989.06 2 552.14 2 501.60
1988.02 2 534.80 2 498.43

60 i 0 B R AT — B 22 03 . AR )5 X 22 0 2
R Ui R VA A 5, A 9 R W] — B 22 0 ) 79 21 Y B
BUT I, ) 6 R P R M 2ok i is T ATC o I
B JH MATLAB KA A =00 «

BiAL 2 (9 7 A B AL A ] ) 5 7 # A
x, =—0.230 82, —0.263 4x,, —0.171 925 + 1

MR KA A T 2 2

2, = T, T 2
BhifL 2 s AR IE AN
he = hy, 4 (1+0.34) X0.254 4 XT

N T 2 R TR EE L AE LA T S0 A
AR b FEAT IR A 2 2H 5 (0 AR Rk T L A
IR AU 2H A TR KRR 2 P T 22 A I E

[ 2.019 10" —1.411 5><108J
—1.4115X10°  4.673x 10"
A5 AL

0.5
k=0
DT S 3 RS- 243 2 T A TR Sy — SR AR ) A
RN W

=

S S
0.5, 0.5
fl/ + fZl
A o 22 J AR OG22 850 28 3O0) TUI0 25 2R ik 47
HiBESM AT

1 Dy —X)!
S=,/x2, X R= [1-F——.
by WA X S BN . v o W2 (E .

) 2% TR ) 00 45 SR RO BE R AN R (B 2)

fi=

http://gks.cqu.edu.cn



34 P RAREH S RE LR % 32 &
A2 B—HA 5 AMA TR RR E R

i5f [i] 1989. 07 1989. 08 1989. 09 1989. 10 1989. 11 1989. 12

We{E v/m 2 501.8 2 503. 28 2 503. 96 2 504. 65 2 505. 36 2 506. 42

TG/ m 2502.5 2 503.19 2 503.73 2 504, 27 2 504. 85 2 505. 48

i 1] 7 31 3 X
%22 /m —0.7 0.09 0.23 0.38 0.51 0. 94
AL 2 TG/ m 2 501. 94 2 502. 62 2 503. 65 2 505.01 2 506. 71 2 508.76
HERL X,
2=/ m —0.141 0.657 0.315 —0. 358 —1.353 —2.338
AL /m 2 502,22 2 502.91 2 503. 69 2 504. 64 2 505. 78 2 507.12
IR A R X,
{22 /m —0.42 0.374 0.272 0.011 —0.421 —0.698

3 2k X BN AR Y % 2] A B Y G 2 S RORG L
BRI LR H A A TR AR R AR B A L BE R AR I Y
UG EEFL 2 PR KA fE (R 3 D)

A3 AL 2 ATFRM AL A M E pb 4k

A [ ) 51 9k AR e 241k 2 A T 0 AT A
b i 2 0. 554 1.153 0.419
LEPEY 0.927 0.626 0.959
2510p  —e—EiE
—a— R VL T (E
2508F  ——IHa] Ak A
= —o—c LR P41 A T 2 T
= 2506}
e
§ 2504}
™
= 2502}
=
2500}
2498
7 8 9 10 11 12
ISF1E] ( 19894E7~12H )

B 1 43U 2 3 T KA B 8 & A A TR A
R B 8] A o 2%

4 2% 1‘/\

Ao X 5 PR e 2 Al T K A K S T A B
LA AR S8

D)3 3CH IR T X G A — R 19 45 R 1 %
AR N MR K AL B 7 A AR S 32 I TR R L T A2
JEK AL AP o K AL 4 748 Al SCEAT W B 4 I ]
SR o PR32 SCHE N7 T B[R] e S AR R 3 A (]
J S S Y I A 2 a7 0 B ) PR R A IR B TR
IR AL AR /N TR - IF HROWe 1 A A
5K ANE B ILRE

MR ] Fy 81 3% | 3 5 5 Hr ik A0 AR & 1k 41 45 00
T B TIUIN 45 2R R 22 MR BE 2 A il LA L AR R4
U5 B TIUINRS B2 A5 I 18] 90RO 2 38R 3 BT i

B2 s 20 A PO A 45 2R 5 M DA B 4 3 o [ R s 1]
JE 0 3 1 S B — T ASE TR, 6 2 i F) 6F R K 37 20
T .

DFEE 1, AT RUF AR 2k 4 A T A T fiE
GE ARG B 405 P 7 S 0 3T K A AR A 7R L X R
JPE 5 SR K A A T B 3 T AR A L T X
R RERE PE U BT 5T B8 1 Al

30 7 TN A TR I O B G 14 A s N R E
{2 B — AR A 5 B R A SRRl A g — AP 4R
B — TR (3 U A R 4 i I R A Yk
Jrla] s

B I bk

(120, oA BERRAR, 45, KAk 55 B T I 5 1

THBSLT K Gl &0 5 LR
2004,23(21) :3714-3720.
LI XIAO, ZHANG NIAN-XUE, LIAO QIU-LIN, et
al. Analysis on hydrodynamic field influence by
combination of rainfall and reservoir level fluctuation
[J]. Chinese Journal of Rock Mechanics and
Engineering, 2004,23(21) :3714-3720.

[2]TH W J VAH ASCH, BUMA ] T. Modeling
groundwater fluctuations and the frequency of
movement of a landslide in the terres noires region of
barcelonnette [ J ]. Earth Processes and landforms,
1997, 22, 131-141.

[ 3 JRITA FERNANDES DE CARVALHO, JOSE SIMAO
ANTUNES DO CARMO. Landslides into reservoirs
and their impacts on banks[J]. Environ Fluid Mech. ,
2007,7. 481-493.

L4 )20, Ef, 85 E. 1R KA 22 300D R 5 4
FEFTIEALT ] O 7 TREAR KR EWw . AARFIR,
2009,28(4) :637-640
LI XI-CAN, WANG JING, ZHAO GENG-XING. The

prediction method of groundwater level based on the

http://gks.cqu.edu.cn



%14

AR, F A RS AR A R R DO T KA TR P 6 2 A 35

complete analysis model of fuzzy pattern recognition
[J]. Journal of Liaoning Technical University: Natural
Science, 2009,28(4):637-640.

(50 25 W XM ik 28 5. 3ot % i 48 I 45 A i I R 3 T

Mg R RFFELT]. Al TR R 24 AR IR
2009,26(1):69-71.
LI XI-PAN, LIU XIN-XIA, ZHANG AN-BING.
Study in landslide prediction on genetic algorithm
optimized BP network[J]. Journal of Hebei University
of Engineering: Natural Science edition, 2009,26 (1)
69-71.

[ 6 1 BRaEA Betp iy X0 A K. 38 A7 25 800 41 & W0 5 3
ZPEBIIIELT ] ARG T AR, 2004,19(6) : 620-624.
CHEN HUA-YOU. SHENG ZHAO-HAN, LIU
CHUN-LIN. Research on properties of harmonic means
combination forecasting method[J]. Journal of System
Engineering, 2004,19(6): 620-624.

(7%= R FER . JT Choquet #K] R 7> 1 4F

RPEA AT B FLT]. BOW &R 48 5 %%, 2006, 20
(3):145-149.
J1 AI-BING., PANG JIA-HONG., LI SHU-HUAN.
Combination forecasting based on fuzzy integral and its
application[ J]. Fuzzy Systems and Mathematics, 2006,
20(3) :145-149.

[ 8 1 #RAE W, 3k ik 92, Tk JF. AR Rk 41 & 70 7 ok 0F 52

U] Bl F AR I 2% BE 24 4. 1998, 12(3) : 38-41,
49.
XU JING-MING, ZHANG ZHI-BAO. MA YONG-
KAIL Research based on non-linear combined prediction
method[ J]. Journal of Anhui Agrotechnical Teachers
College, 1998,12(3):38-41,49.

L9 8R4t 300 R, &SI EL R A S mn s
BB, BB ,2007,25(1) :1672-1678.
HAN DONG-MEI, NIU WEN-QING, YANG RONG.
The comparative study on linear and non-linear optimal
forecast-combination methods[ J]. Information Science,
2007,25(1):1672-1678.

[10] FO@ ARAEIC A 7 k. R MR & AL B R 7E K T
FU LA W o BT LT 1. oK e B 3l Ak 5 ORI
2004,28(4) :55-58.

TIAN BIN, REN DE-JI, HE XIN-JI. Application of
nonlinear composite optimized model to displacement
monitoring of hydro-structures [ J J.

Automation and Dam Monitoring, 2004,28 (4):55-58.

Hydropower

(110 E R, m s, AL 4E. Jg 3F WK iy AR 2 5 R /K 3l
AHHERHEBWIR] “t - A7RHERCm H RS,
1994.

(127 XV F & s e, B, 1 B 1) 3 3] 3k 1 4 I K 5
o M B LT 1. 2 oA A B 2. 2007, 35 (4) 2 1079-
1080,1142.

LIU LEI-FLEI, GAO DE-KAI, LIAO JING. Water
quality model based on time series method[ J]. Journal
of Anhui Agri. Sci. , 2007,35(4):1079-1080,1142.

(130 Ty, A H . X 57 #5. 36F BeF o] 5 371 43 BT 9% 11 3L 5 A%
WM ARBFTRLT]. R AR ,2008,8(2) :32-34.
WANG QING-HUA, ZHOU YU, LIU LI-FHUL
Study on technology of structure deformation
monitoring based on time series method [J]. Mining
Technology, 2008,8(2) :32-34.

(147 5K M R, B2 0. 02 A 450 10 JL b Sk A T00 75 ¥ 19 % 0)
[T, K4 B4, 2006, 16(6) : 39-42.

ZHANG YI-MIN, LIANG MING. Discussion on some
basic prediction methods about mathematical models
[I]. Journal of Maoming College, 2006,16(6):39-42.

[15] k3830, TS A HT. MATLAB £ R [8] 51 43 47 Hh
fiy 1 FHEML. 75 42 < 15 2 BB 2% ik, 2007

[16] NIGEL MEADE. Evidence for the selection of
forecasting methods[ J]. Journal of Forecasting, 2000,
19. 515-535.

[17] SHAH C. Model selection in univariate time series
forecasting using discriminant analysis[J]. International
Journal of Forecasting, 1997,13: 489-500.

[187] M AL 4. R FH B ] 77 1 43 LML) bR ) P U
K2 AL . 1998,

CL9] B4k . 1 1) ) 3 43 17 5 gl A8 A LML de st -
5P A B H A 1986.

[20] ZFHR ALa 4 T L. St A4l & B B A 1 B A8
JEsm g LT ] 38R KK 2# 4, 2008, 17(2) 1 53-
S7.

LI XIU-ZHEN, KONG JI-MING, WANG CHENG-
HUA. Application of combined -model with optimum
weight in prediction of landslide deformation [ ] ].

Journal of Natural Disasters, 2008,17(2) :53-57.

(B3 ZFH)

http://gks.cqu.edu.cn



