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WORK PACKAGE N. 5

ESTABLISHMENT OF SCENARIOS ON THE BASIS OF NEURAL
NETWORK AND STATISTICAL METHODS

WP leader: EPFL
Participants: RP, POLITO

Start month: month 0
End month: month 18

1 OBJECTIVES AND INPUT TO THE WORK PACKAGE

The objectives of this Work Package are:
Ø to develop hazard analysis methods on spatial or temporal previous environmental conditions,

like precipitation, groundwater, temperature, in order to improve the prediction of potential
scenarios;

Ø to improve the neural network approach and determine its applicability to daily or monthly
information, in order to predict landslide movements;

Ø to apply statistical techniques in a probabilistic approach in order to take into account
geological or geotechnical parameters in the determination of potentially catastrophic
movements, as well as in landslide zonation.

The inputs to the Work Package are:
Ø previously developed probabilistic models in other contexts which need to be improved, in

particular to consider autocorrelation length effects;
Ø previously developed neural network models which have to be adapted to a specific use in the

case of large landslides:
Ø monitoring data collected, in particular for La Frasse Landslide;
Ø climatological data relevant for landslides studies;
Ø other parameters, in particular related to land use.

Deliverables:
D12: improved neural network code (month 12);
D13: statistical and probabilistic methods to produce landslide zoning hazard quantification

(month 12);
D14: determination of hazard relevant values to assess risk levels (scenarios) (month 18);
D15: technical manual.

2 DESCRIPTION OF WORK

The partners have carried out the work in each specific field of interest, as specified below, in order
to test the capabilities of chosen methods to make establishment of scenarios on the basis of
neural networks and statistical methods and to demonstrate the relevance of the results and prove
their adequacy for a practical use.
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2.1 PARTNER 7 (EPFL) CONTRIBUTION: “Development by of artificial neural network
analysis (ann) in order to allow prediction of slope stability”

In order to test the applicability of neural network analysis to the prediction of landslide
movements, the main required input is an extensive database including several parameters, so
that the technique, including training, test and prediction periods, can be carried out in significant
conditions. In most landslide cases considered in this IMIRILAND project, the available information
was insufficient, in particular not systematic enough.

Therefore, the case of La Frasse landslide, in the Swiss Prealps (canton of Vaud) has been
selected for this investigation, as stated in the previous technical report, because an intense
monitoring program has been developed there for many years. First of all, all relevant monitored
data have been gathered in a database, based on monthly values, like precipitation,
evapotranspiration, run-off of the river at the toe of the slide, temperature, snow depth, piezometric
levels, as well as displacement data of several topographic points which are relevant of the various
characteristic zones of the slide. When the data were not available at the beginning of each month,
various interpolation methods have been used.

Then, for each selected surveyed topographic point, a series of tests have been carried out,
considering first, in the neural network approach with one perception layer, all the potentially
relevant parameters. A determined training period over a duration of several years was selected,
including either normal events or a combination of normal and extreme events, which allowed to
implement the correct movement output. The prediction of the expected monthly displacement
values was then calculated and compared with the real landslide movements.

This comparison between computed and effective values allows an assessment of the
representativeness of the considered input parameters. It is thus possible, for each studied point,
to modify the list of input parameters (e.g. suppress temperature, add piezometric data, etc.), until
the predicted set of values fits best with the actually measured movements. It is interesting to
observe that this research does not lead to a standard selection of relevant data; according to the
considered topographic point, located in a specific zone of the slide, the best relevant input
information may change. Furthermore, the type of special events encountered during the training
period may change the results of the prediction: in general, it is difficult to anticipate reliable

extreme movement values if no high velocities
have been recorded during the training period.
The last major conclusion is the predominant
role of temperature in the prediction. Each time
this parameter is not considered, the results of
the prediction are disappointing. An example of
prediction for one specific point in the most
active part of La Frasse landslide is in Figure 1.
This research has allowed the improvement of
the used neural network code, under the
Matlab© format, and its adaptation to monthly
values (it had been used previously for daily
data). The code is practically operational, but it
will be delivered within two months once the
final tests have been performed and the legal
aspects of original code dissemination have
been solved.

Figure 1 - Prediction of the monthly movements of
topographic point 1031 using precipitation,
temperature, evapotranspiration as input parameters
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2.2 PARTNER 1 (RP) AND 2 (POLITO) CONTRIBUTION: “Application of probabilistic
techniques for the assessment of the potential behaviour of a slide”

The Partner 1 and 2 contribution to WP 5 regards the probabilistic aspects of stability using the
existing information on the natural variability of some geotechnical parameters and considering the
geotechnical uncertainties in the models as one of the key elements in order to assess the most
probable behaviour on the slides. The assessment of scenarios could be done by means of a
Black Box (neural network) or White/Grey Box  (mechanical approach). The mechanical approach
can be applied with initial hypothesis of statistic distribution of parameters or not (deterministic).
The safety factor F is the ratio of R* (Resisting Forces) and S* (Acting Forces); in the deterministic
analysis (figure 2a) taking into account a value of their distribution means considering for that value
a probability equals to 1.

Figure 2 - Distribution of Resisting Forces (R*) and Acting Forces (S*): (a) deterministic approach, (b)
probabilistic approach

The judgement on stability is given on the basis of the Probability of Failure Pf i.e. the probability
that F is lower than 1 (hatched area in Figure 3).

F1

f

Figure 3 –Definition of the Probability of Failure

In order to find statistic distribution of Safety Factor, we followed these steps:
1. determination of the probability density functions of the input variables;

2. choice of the possible instability mechanisms and the computing models in order to obtain a
Safety Factor function;

3. determination of the Probability of Failure through probabilistic methodologies;

4. choice of a criterion to define an admissible Probability of Failure to be compared with the
result of point 3.

The Limit Equilibrium Method has been used for the definition of the Safety Factor function and
the Monte Carlo probabilistic technique for the determination of the Safety Factor distribution and
hence the calculation of the Probability of Failure.

In order to evaluate the influence of statistical dispersion of data to Safety Factor. The WINTAM
code (Call & Nicholas, 1978) has been used, that apply the Limit Equilibrium method with a
probabilistic approach, by means of a Monte Carlo routine. All variables can be treated as
independent stochastic variables and used as input either as mean and variance or as all the
discrete values. The output of analysis are safety factor distributions and failure probability.

Pf  = P (F≤1)

Pf
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FREQUENZA
0        20        40        60        80  100

CLASSE    INTERVALLO I.........I.........I.........I.........I.........I FRQ   PCT
1      .34    .82 .XXXXXX                                    .  12   1.9
2      .82   1.29 .XXXXXXXXXXX                               .  22   3.5
3     1.29   1.77 .XXXXXXXXXXXXXXXXXXXXXXXX                  .  48   7.6
4     1.77   2.25 .XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX           .  62   9.8
5     2.25   2.73 .XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX      .  72  11.4
6     2.73   3.20 .XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX    .  76  12.0
7     3.20   3.68 .XXXXXXXXXXXXXXXXXXXXXXXXXXXXX1            .  59   9.3
8     3.68   4.16 .XXXXXXXXXXXXXXXXXXXXXXXXX                 .  50   7.9
9     4.16   4.63 .XXXXXXXXXXXXXXXXXXXXX                     .  42   6.6

10     4.63   5.11 .XXXXXXXXXXXXXXXXXXX1                      .  39   6.2
11     5.11   5.59 .XXXXXXXXXXXXXXXXX                         .  34   5.4
12     5.59   6.06 .XXXXXXXXX1                                .  19   3.0
13     6.06   6.54 .XXXXXXXXXX                                .  20   3.2
14     6.54   7.02 .XXXXXXX                                   .  14   2.2
15     7.02   7.49 .XXXXXX                                    .  12   1.9
16     7.49   7.97 .XXXX                                      .   8   1.3
17     7.97   8.45 .XXXXX1                                    .  11   1.7
18     8.45   8.92 .XXXXX1                                    .  11   1.7
19     8.92   9.40 .XXXX1                                     .   9   1.4
20     9.40   9.88 .XXXXXX1                                   .  13   2.1

I.........I.........I.........I.........I.........I
0        20        40        60        80  100

min.= 0.34
Max* = 9.88
mean = 3.89
var. = 2.115

(* with F < 10)

3 CONCLUSION AND FURTHER DEVELOPMENT

The obtained results by the neural network approach, i.e. the prediction of a series of monthly
displacements for one specific point of a landslide, will allow to generate a long series of random
monthly values, on which it will be possible to establish a probabilistic distribution of displacements
and thus obtain relevant quantitative values for the assessment of movements with high, medium
and low probability, which are required for the risk scenarios.

The obtained results by statistical approach show the relatively simplicity of application, with the
possibility of taking into account natural variability of parameters and some graduation on
uncertainty of safety factor.

In order to promote the risk analysis as a practical management tool for landslide zones and
achieve a recognition of its results in land planning, it is necessary to show its ability to provide
quantitative significant data, which is not possible when periodic data are missing. But in some
specific situations the application of these new methods allows a real improvement of the risk
analysis. It can thus be concluded that the researches carried out are aiming at the right target.

The application of neural network to La Frasse landslide will be achieved with the analysis of some
additional combinations of parameters, in order to propose the best prediction model. Its use within
a Monte Carlo simulation model will lead to the formulation of probabilities related to high
velocities. Applications to other sites will also be tried.

The probabilistic approach can not be applied to selected sites of the project because the
needed input data are not completely available. Our plans are devoted to carry out some analyses
in order to test the sensitivity of the model to different statistical distributions of the parameters. In
this way it can be possible to assess different scenarios in function of different situations.

These data will then be used in WP6. During the last meeting in Villach (Austria), the first
concepts to be introduced in vulnerability analyses have been presented by the WP leader; they
will require complementary investigations on the exposed objects in the landslide cases analysed
in the IMIRILAND project.
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Failure Probability ≅ 2.99 %


