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Abstract: Landslide time-of-failure forecast is an essential part of landslide disaster prevention and control. However, due to
the uncertainty of the landslide evolution process, it is challenging to forecast the occurrence time of landslide events
accurately. The Verhulst inverse-function model is a common landslide time-of-failure forecasting model, but the model suffers
from the problems of poor fitting quality and low forecasting accuracy of displacement monitoring data caused by the improper
selection of the calculation starting points. To address this deficiency, an improved Verhulst inverse-function model (MVIF
model) is proposed and analyzed for near real-time probabilistic forecast. The results show that (1) the MVIF model addresses
the problem of harsh selection of the calculation starting points in the original model; (2) the MVIF model has high forecasting

accuracy and can make reliable forecasts after the landslide enters the medium accelerating deformation phase; (3) the
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combination of predicted landslide time and failure probability provides a new forecasting criterion. This study can provide

valuable reference for early warning and forecast of creeping landslides.

Key words: landslides; landslide time-of-failure forecast; Verhulst inverse-function model; model modification; probabilistic

analysis; forecasting decision; hazards.
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Table 1 Information of landslide cases and forecasting results of final observation
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1 Vajont 725 725.11  6.60E-03  725.10 725.12 723.54 727.26 Segui et al.(2020)
2 Preonzo 673 673.10  8.30E-03  673.08 673.12 671.53 675.25 Loew et al.(2017)
3 Mt. Beni 249 246.09 3.80E-01 24535 246.83 244.37 248.39 Gigli ez al.(2011)
4 Nchanga Open Pit 220.3 22071  2.00E-01  220.32 221.10 219.10 222.90  Naismith and Wessels(2005)
5 HftZ 196 196.20 3.40E-02 196.13  196.27 194.63 198.35 V5 1 #-F (2009)
6 B )11 65 154.2  154.00 8.80E-02 153.83 154.17 152.42 156.16 B4 (2020)
7 EEWEIHAM 25 EE 113 113.26  1.80E-02  113.22  113.30  111.69 115.41 YRBT4F(2019)
8 PG 417 106 106.05 8.80E-03  106.03 106.07 104.48  108.20 FARAF(2020)
9 4l 104.7 103.14  2.90E-01  102.57 103.71 101.48 105.38 Yo B B Bk 47 (2016)
10 Ohto 89 87.97  6.70E-05  87.97  87.97  86.40  90.12 Suwa ez al.(2010)
11 New Tredegar 71 73.08  7.60E-02  72.93  73.23 7150  75.24 Carey et al.(2007)
12 FHETEEES1-18 70 69.86  1.20E-02  69.84  69.88  68.29  72.01 i 9681 45 (2012)
13 Takabayama 64.1  64.15  3.60E-02  64.08  64.22  62.58  66.30 Saito(1979)
14 Kagemori quarry 49 47.07 1.60E-03  47.07 47.07 45.50 49.22  Yamaguchi and Shimotani(1986)
15 Agoyama 26.1 2479  2.20E-05 2479 2479  23.22  26.94 Saito(1979)
16 Carla2018 22.7 2272 8.00E-03  22.70  22.74  21.15  24.87 Carla ez al.(2018)
17 Je I 21.5 21,51  2.70E-08 21.51  21.51  19.94  23.66 IT LA (2020)
18 Ingelsberg 14.7 14.72  8.60E-08 14.72 14.72 13.15 16.87 Kieffer ez al.(2016)
19 Mount Owen Mine 12 11.66 9.40E-03 11.64 11.68 10.09 13.81 Harries ez al.(2006)
20 Dosan Line 3.4 3.38  1.20E-04  3.38 3.38 1.81 5.53 Saito(1965)
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Table 2 Model parameters of the MVIF and VIF models in
the Zhouzhi landslide
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Fig.4 Displacement monitoring data recorded from the

Zhouzhi landslide and model forecasting curves
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