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MODIFIED GREY SYSTEM FORECASTING MODELAND ITS
APPLICATION FOR ANALYZING INFORMATION OF LANDSLIDE
MONITORY
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(1. Institute of Geotechnical Engineering, Zhejiang University, Hangzhou 310027, China;
2. Zhejiang Hengye Real Estate Co., Hangzhou 310009, China)

Abstract: Based on the all data GM(1, 1) model of grey system, different modified models are set up in their given
order through out the course of metabolism, residual error modified of different rank, and weighted modified. In
setting up the model, unequal intervals in the data of the actual measure are considered; and equal intervals of grey
system forecasting model are extended to unequal ones. Together with the information of landslide monitored in
Lailong Mountain in Fuyang City, the inclinometer B14, which lies in the active slide area and lasts four typical
sliding phases, is studied in the course of where the displacement in sliding zone is forecasted and analyzed
comparatively by the computational programs of various models. The result of model precision test shows that the
residual error of two rank and weighted modified GM(1, 1) model can greatly improve the forecasting precision
and adjustability.

Key words: engineering geology; landslide; grey system forecasting model; modified GM(1, 1) model; residual
error; weight
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Fig.1 Plane arrangements of landslide monitoring in Lailong Mountain
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Fig.2 Horizontal displacement-time curves of inclinometer B14

350
——3FLE 8m &

_+%L§?ﬁ< 10m &
—A—JLE 13m A
FLE 15m &

BTG A%

300 R

250
e | EV S EY
EE M B I
5
&+ B 150
Tow

| BT A
1007 oy

BRI E
HB W E,

] B - B

o

o <)

3‘/4
oA

2001-12- T |3

2001-11- %
2002-02- + (&
2002 - 03 - # |4
2002-04- T
2002-06- F |
2002 - 07 - & -
2002 - 08 -
2002 -10- k
2002-11-# |

~

2002 - 12 -

2003-02- k|
2003 -03 - |
2003-04- T |
2003-06- F |
2003 - 07 - &
2003-08- T
2003-10- k
2003-11- % |
2003-12-
2004 -02- £
2004-03- & [
2004-04- T L

- A -4

K3 BL4 fLIFH LIREKCALRS - BERT i - i) h 2k
Fig.3 Horizontal displacement in sliding zone-rainfall-time curves of inclinometer B14

T £0 FE R e, A% SC A B0R PR R T 7 51
X oy 5 TR FE B H ST X O 1 B
ERIII G, HEATRORE R LU
3.4 HEHISF

S PO, A B R A
1) ) LA 6] 6 5 425 2 B P 0 1, 6D 2

T B14 FLIE A ARG 8 m Ak R H a4k
JtnE 3 Bt 2001 4F 11 7 A & 2003 4 12 H
A), DU BRI 75 ANEE, BTN E I
KRG TN ) I a s, H bR Pl A >k 2003
fE 12 A Al S 2004 4F 2 A Bfidt 2 S B A
o HES L 1~3 Jir.



* 4104 A1 TREEAR 2005 4F
1 BRASEIESER
Table 1 Internal parameters from various models
B - - 4 SR GM  HBECE GM R ZEIEIE GM B IEGM I R R EE IE GM B AR ZEACGEAE IE GM
- 17 (ADF) L (MF) F(REMFL) FH(REMF2) FH (REWMF1) FH (REWMF2)
a=—0.013 a=—0.013 a, =—0.003 ap =0.002
2003 -12 - th a=—0.017 a=—0.013 u=157.416 u=157.416 u, = 253.169 up = 320.993
u=114.611 u=157.416 a1 = 0.000 5 a,,=0.003 4 aep1=0.063 7 aepp = 0.002 2
Ue1 = 0.427 0 Uz =—2.2400 Ugpy = 57.219 7 Uepz=—2 381.816 9
a=—0.013 a=—0.013 a, =—0.003 a, =0.001
2003-12- F a=—0.017 a=—0.013 u=166.421 u=166.421 u, = 256.811 up=311.536
u=114.611 u=166.421 ae; = 0.000 4 2,=0.005 3 aep1 = 0.060 5 epp = 0.001 5
Uer = 0.298 1 U, =—3.4313 Uep = 48.406 5 Uepz=—1957.840 3
a=—0.011 a=—0011 a,=—0.003 a,=0.001
2004 -01- I a=—0.017 a=—0.011 u=176.032 u=176.032 u, = 260.105 up = 302.785
u=114.611 u=176.032 a1 = 0.000 3 2,2=0.006 7 aep1 = 0.057 6 aep2 = 0.000 8
Ue1=0.198 8 Uy =—4.662 3 Ugpy = 40.412 9 Uepz=—1566.713 5
a=—0.010 a=—0.010 a, =—0.002 a, = 0.000 2
2004 - 01 - a=—0.017 a=—0.010 u=186.167 u=186.167 up=263.08 1 up = 295.289
u=114.611 u=186.167 a1 = 0.000 2 a,2=0.008 6 aep1 = 0.055 9 aepp = 0.000 2
Uer = 0.129 5 U, =—6.437 9 Uepy = 34.068 2 Uepz=—1227.4775
a=—0.009 a=—0.009 a,=—0.002 a,=—0.000 2
2004-01- F a=—0.017 a=—0.009 u =196.427 u=196.427 up = 265.783 up = 289.208
u=114.611 u=196.427 a1 = 0.000 1 a,,=0.009 8 ep1 = 0.055 3 epz =—0.000 3
Ue1 = 0.076 9 Uz =—7.932 4 Uep1 = 28.533 5 Uepz =—933.054 0
a=—0.008 a=—0.008 ap=—0.002 a,=—0.000 6
2004 -02 - |- a=—0.017 a=—0.008 u = 206.862 u = 206.862 Up = 268.220 Up = 284.486
u=114.611 u = 206.862 a1 =0.000 1 a,=0.0103 ep1 = 0.055 6 aepz=—0.000 7
Ues = 0.036 7 U, =—8.8458 Uepr = 22.933 1 Uepz =—672.437 6
F*2 BHLNBESFANER

Table 2 Forcasting results of displacement of soil in sliding zone by various models

R A% T E/mm

LT TR R 2551

A4 GM(L, 1) BiBRR GM

Bk ZE B IE GM

IR ZEEITE GM — iR E N EAETE GM ik = EE IE GM

M- MM ADF) (1, DEUBME) (1, 1)EUE(REMFL) (L DEUI(REMF2) (1. 1)EUE(REWMFL) (L. 1)HH(REWMF2)
2003-10-+ 2913 357.9 3131 301.8 299.2 297.6 292.1
2003-10- F 2917 363.9 3155 303.1 300.3 298.1 292.3
2003-11- k2922 370.0 317.9 304.5 3014 298.7 2925
2003 -11- 2926 376.2 320.4 305.8 3025 299.2 292.7
2003-11-F  293.0 3825 3229 307.1 3035 299.7 292.8
2003-12- | 2935 388.9 325.4 308.5 304.6 300.3 293.0
2003 -12-+ 3010 395.4 327.9 309.8 305.7 300.8 293.2
2003-12-F  300.9 402.1 330.4 311.2 306.8 301.4 293.3
2004-01- I 286.2 408.8 333.0 3125 307.9 301.9 2935
2004 -01- 1 290.2 4156 335.6 3139 308.9 3025 293.7
2004-01-F 2922 4226 338.2 315.3 3101 303.1 293.9
2004-02- I 294.2 429.7 340.8 316.6 311.2 303.6 294.0

#3 RABELEEIRTESR
Table 3 Results of various models precision tests %
AR GM(L, 1) BB GM —HrEEEIE GM TR IE GM —BrikEREEIE GM T ERERIE GM

L% (ADF) (1, DELRL(MF) (1, 1FIRI(REMFL) (1, DFIR(REMF2) (1, 1)FLR(REWMFL) (1, DELRNREWMF2)
40.29 13.72 6.54 491 2.81 1.59

PLKRIZE 1) 2003 4 12 HhA) 42 2004 -2 H 1A)
(P SEAE 5 S AT PR RIS, ITH 5 4G
R LUE RS Y 280 GM(L, DAL T4

TIEE BB RAE, H2H | a | {EAR 5K
FLORFFAAZ, TRINTRZE R, AR R 22 I X HE I
PEIMEIE S 40.29%, HCTINHG EBARs 1B A
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TR HTAR /)N, A 5 22 1) A B 1A P 38 Ak 3 T
13.72%, $&wn 7 IIRS R /B BRI A B
TR B IERIRURE R T M ik 2B IE, 2
FAEIEJG B IR ZE B IEARY | a | {EARR B/, IR
207 4 NIAE R B, BOEBIE RS T KA
T I T B2 A A B AN S A R PRy, AR5 22
A V2B k) 1.59%, AR AR T A F5 A5t v o
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T AR IS S b A TR
ST EE, T DA R T g8

(1) fE43dE GM(L, DEARIIERE |, ke
R R M EBIE. MEEEZE,
TR EREBIE GM(L, )RR KRR TR
RIHE B

(2) LGRS GM(L, 1)K Fr s REA S
P b, ST B I TR SR R AR
WIRG, WL FER R REGIMEER R4,
L 3 DX S A AR A R R SR AR
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(3) He It M ALTE PR 5 MR AR I P A AN s A
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ROy MTEREE, @il 2Y, -, (n=2)", (n-1)' 1E
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