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Abstract: Taking the Baijiabao step-type landslide in the Three Gorges Reservoir Area as a case study, we selected monitoring data at
four time scales (daily, weekly, ten-day interval and monthly), decomposed the cumulative displacement into periodic and trend
components based on the additive time series model, screened highly sensitive inducing factors via the grey correlation method, and
constructed a coupled model of the Ensemble Empirical Mode Decomposition (EEMD) algorithm and Gated Recurrent Unit (GRU) to
analyze the prediction accuracy of landslide cumulative displacement. The results show that the prediction accuracy at weekly and ten-
day interval scales is significantly higher than that at daily and monthly scales, with the weekly scale yielding the optimal performance.
The root mean square error of displacement prediction at the weekly scale is reduced by 56.98%, 64.00%, and 35.51% compared with
that at daily, monthly, and ten-day interval scales, respectively, and the mean absolute error is decreased by 61.04%, 69.07%, and 23.72%
accordingly. Mechanism analysis reveals that the sampling frequency of the weekly scale matches the 715 days lag response period of
the landslide to hydrological factors, which can filter out high-frequency noise while retaining key deformation signals. This study
confirms that weekly monitoring data are suitable for predicting the deformation trend of the Baijiabao landslide, and the findings
provide a scientific basis for the hierarchical and variable-frequency early warning and control of landslide disasters in the Three Gorges
Reservoir Area.
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Fig.1 Engineering geological plan map of the Baijiabao landslide
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Fig.2 Geological profile of the Baijiabao landslide
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Fig.3 Layout of monitoring points at the Baijiabao landslide
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Table 1 Characterization indicators of inducing factors at different time scales
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Table 2  Grey correlation degrees of influencing factors at different time scales

IR IEANES Je s 1) R ) e ) U T RUE
X1 0.8950 Y1 0.6676 Z1 0.9133 w1 0.9186
X2 0.8950 Y2 0.6674 Z2 0.9123 W2 0.9188
X3 0.8950 Y3 0.6676 Z3 0.9129 W3 0.9189
X4 0.8951 Y4 0.6676 Z4 0.9143 W4 0.9183
X5 0.9046 Y5 0.7050 Z5 0.8355 W5 0.8959
X6 0.8946 Y6 0.6674 Z6 0.9052 W6 0.9202
X7 0.8946 Y7 0.6660 zZ7 0.9059 W7 0.9200
X8 0.8950 Y8 0.6676 Z8 0.9142 W8 0.9184
X9 0.8815 Y9 0.6601 Z9 0.8970 W9 0.8681
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Table 3  Prediction results of trend term displacement at different time scales

B I R MEITHE R=2 RMSE (mm) MAE (mm)
H y =—0.00009%* + 0.3523x —5.9294 1 1.249 0.960
A y =—0.0045x’ + 2.5456x —11.478 1 0.317 0.275
1 y =—0.0091x* + 3.5216x —5.1754 1 0.072 0.055
H y =-0.1303x° +12.483x — 22.483 1 0.245 0.211
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Fig.6 Prediction of periodic term displacement of the landslide at different time scales
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Table 4 Prediction results of periodic term displacement
LERIETES R= RMSE (mm) MAE (mm)
H 0.9651 5.2750 4.6676
i 0.9693 2.7114 2.2465
) 0.9501 3.9894 2.8059
H 0.80557 7.0372 6.6916
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Table 5 Prediction results of cumulative displacement

YA R=2 RMSE (mm) MAE (mm)
H 0.9991 6.0509 5.4875
J 0.9998 2.6032 2.1381
) 0.9996 4.0369 2.8029
H 0.9985 7.2303 6.9122
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