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Figure 9. Landslide displacement [d̄] and unknown parameters [η̄, ϕ̄] forecasting: (a) - (c) forecasts with prediction horizon 1 day [d̄1, η̄1, ϕ̄1]

and 2 days [d̄2, η̄2, ϕ̄2], (d)-(f) forecasts with moving prediction horizon 1 day [d̄1, η̄1, ϕ̄1] and 2 days [d̄2, η̄2, ϕ̄2]. Plots (a) - (f) also show

estimated displacement, viscosity and friction angle [d̂a, η̂a, ϕ̂a] from Section 4.

involving two unknown and possibly time-varying material parameters (friction angle ϕ and viscosity η). The reconstruction is

based on displacement and water table height measurements. As the Kalman filter itself depends on several coefficients, a novel

method for tuning these coefficients is proposed based on a combination of actual and synthetic test cases. The coefficients are290

adjusted until the estimation results obtained for both scenarios are consistent. This methodology is tested on a series of 16-days

real data measured in Super-Sauze landslide (France). The results show that the friction angle ϕ was almost constant during the

simulated period, while the viscosity η varied in correlation to water table height variations. Even though the reconstruction is

based on a very simplified mechanical model, the obtained parameter values (namely, 36.8◦ for ϕ and 110− 125 MPa.s for η)

appear to be fairly consistent with the typical ranges reported in Bernardie et al. (2014) (18 to 35◦ for ϕ, and 100 to 105 MPa.s295

for η). This quantitative agreement with previous studies can be seen as a validation of our approach.

The proposed scheme works on the principle of prediction followed by correction of the information of interest, i.e., at each

time step, information is predicted for the next time step and then corrected based on the measurements. An approach to extend

the prediction horizon over more time steps is also presented. To illustrate this extended scheme, two different prediction

horizons are chosen (one day and two days). As the dynamics of time-varying parameters are unknown, they are assumed300

constant for the prediction horizon. As new measurements become available, the correction step takes place, and with these

16


