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Abstract: It is of great significance to predict the dynamic evolution process of landslide underground water level for landslide
stability analysis. For the problem that the evolution process of groundwater level in reservoir landslide is a highly non-linear
and non-stationary time series affected by many factors, to predict landslide groundwater level time series, a coupling model

based on phase space reconstruction and wavelet analysis-support vector machine (WA-PSVM) optimized by particle swarm
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optimization is proposed. Firstly, the groundwater level time series was decomposed into several different frequency compo-
nents to transform the non-stationary groundwater level time series into stationary time series. Secondly, the PSVM model was
established for each component prediction based on the phase-space reconstruction. At last, the final prediction result was ob-
tained by adding the predicted values of all frequency components. Taking daily average groundwater level time series of STK-
1 hydrology hole on Sanzhouxi Landslide in the Three Gorges Reservoir Area for example, the influencing factors of landslide
groundwater level fluctuation were analyzed and WA-PSVM model was used to predict the STK-1 groundwater level values.
Meanwhile, the single PSVM model and wavelet analysis-back propagation neural network (WA-BP) model were also used for
groundwater level prediction. The results show that reservoir water level fluctuation and rainfall are the main factors of ground-
water level fluctuation in the reservoir landslide leading edge. We also find that the root-mean-square error (RMSE) of the pro-
posed model for groundwater level time series prediction in STK-1 hydrology holes is 0.073 m, the goodness of fit is 0.966, re-
spectively. The prediction accuracy of WA-PSVM model is higher than the single PSVM model and WA-BP model. What is
more, WA-PSVM model solves the non-linear and non-stationary problem. WA-PSVM model also has a high operating effi-
ciency and strong applicability without considering the impacts of reservoir water level fluctuation and seasonal rainfall.

Key words: reservoir landslide; groundwater level time series; phase-space reconstruction; wavelet analysis; particle swarm

optimization; support vector machine; groundwater; geological hazard.
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Fig.6 Wavelet decomposition of STK-1 groundwater series
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Table 1 Input variables and output variables for WA-
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Table 3 Comparison of different models for one day ahead

forecasting of STK-1 groundwater level series
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