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Evolution Stage Division of Landslide Based on Analysis of Multivariate Time Series
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Abstract: Curves of cumulative displacement vs. time of the landslide generally include the stages of the initial deformation,
constant speed deformation and accelerated deformation. Different deformation stages have their own different acceleration char-
acteristics. Now the evolution of landslide can be divided by analyzing the characteristics of acceleration curve. But it lacks theo-
retical basis and quantitative calculation. To the above problems, the rainfall of current month and reservoir level fluctuation of
current month are selected as influencing factors, and the multivariate time series model is adopted to predict the cumulative
displacement. Taking the maximum points of F statistic and log-likelihood ratio statistic of the multivariate time series model
as segmentation points divides the evolution stages of landslide based on the theory of Chow breakpoint test. This model is used
to deal with the data of cumulative displacement, rainfall and reservoir level fluctuation of Xintan landslide and Baishuihe land-
slide in the Three Gorges reservoir area. The results indicate that the Chow breakpoint test on the multivariate time series pre-
diction model based on the inducing factors and the landslide displacement has certain validity and application value. This divi-
sion of the landslide evolution stage can provide an important criterion for the early-warning prediction of landslide.
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Fig.1 Evolution scheme of three deformation phases of

landslide
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Fig.2 Histogram of rainfall vs. time of Xintan landslide
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Fig.3 Curve of cumulative displacement vs. time of Xintan
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Fig.4 Curve of acceleration vs. time of Xintan landslide
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Table 1 F statistic and log-likelihood ratio statistic values of

Xintan landslide

A F gt MMHERME P LR Sit&E MRAERE P

1979-10 2.31 0.037 1 4.80 0.030 2
1979-11 2.39 0.034 6 4.95 0.028 0
1979-12 2.33 0.036 4 4.84 0.029 7
1981-12 5.62 0.005 6 11.00 0.004 1
1982-01 5.92 0.004 4 11.53 0.003 1
1982-02 5.94 0.004 3 11.58 0.003 1
1982-03 6.06 0.003 9 11.80 0.002 7
1982-04 6.25 0.003 3 12.13 0.002 3
1982-05 6.25 0.003 3 12.13 0.002 3
1982-06 6.28 0.003 2 12.19 0.002 3
1982-07 6.05 0.003 9 11.77 0.002 8
1982-08 6.97 0.001 8 13.40 0.001 2
1985-05 4.68 0.009 2 9.24 0.009 9
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Fig.6 Histogram of rainfall vs. time of Baishuihe landslide
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Fig.7 Accumulated displacement-time curve of monitoring

point ZG118 of Baishuihe landslide
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Fig. 8 Curve of reservoir level elevation vs. time of

Baishuihe landslide
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Table 2 F statistic and log-likelihood ratio statistic values of
Baishuihe landslide

A1y F geil i MNAERME PLR St MM MERE P

2004-08 15.88 0.000 0 34.45 0.000 0
2004-09 9.40 0.000 1 23.95 0.000 0
2004-10 5.22 0.004 9 15.12 0.001 7
2004-11 5.98 0.002 4 16.89 0.000 7
2004-12 6.05 0.002 3 17.06 0.000 7
2005-01 6.16 0.002 1 17.30 0.000 6
2007-02 6.10 0.001 9 17.23 0.000 6
2007-03 6.26 0.001 6 17.61 0.000 5
2007-04 9.32 0.000 1 24.08 0.000 0
2007-05 11.17 0.000 0 27.53 0.000 0
2007-06 13.82 0.000 0 32.04 0.000 0
2007-07 6.26 0.001 6 17.61 0.000 5
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