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Figure 8. Final estimation results for Super-Sauze case with real data and observer coefficient values γ = 0.9, W = 6× 10−5, Q=

10−11I3×3: (a)-(b) parameter estimates (η̂,ϕ̂), filtered viscosity ηfil and averaged friction angle ϕavg , (c) Mahalanobis distance between

estimated and measured displacement Dk, (d) displacement estimate d̂ and displacement measurement dmea, (e) critical water table height

estimate ŵcrit
t and water table height measurement wk

t , (f) resetting times of the covariance matrix.

on displacement measurements and the measurement update equation of the observer (see Fig. 9 (e)-(f)). Overall, predicted

displacements appear to agree reasonably well with the estimate obtained in Sec. 4. However, as it could be expected, accuracy

of the forecast reduces as the prediction horizon L is increased.

6 Discussion and conclusions

Mechanical models capable to simulate the dynamics of landslides and predict landslide displacement over time can be of280

great value for the design of early warning systems. However, these models generally involve parameters (slope geometry,

mechanical properties, interstitial pore pressure, etc.) that strongly influence the predictions. Among these parameters, several

may be unknown and/or variable over time. In practice, the models thus need to be complemented by specific methods for

parameter estimation and back-analysis. Previous studies that addressed this issue made use of relatively simple approaches,

such as nonlinear regression and sequential quadratic programming (Bernardie et al., 2014; Corominas et al., 2005).285

In this paper, a Kalman filter methodology is proposed for the reconstruction and forecasting of landslide displacement and

parameters. To illustrate the principle and capabilities of the approach, it is applied to a simplified viscoplastic sliding model
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