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Description of SafeLand Work -L.
Package (WP1.3)

e Evaluate statistical and empirical models for:
— predicting critical meteorological elements
— their thresholds for landslide triggering

* Local and regional scale
* Parts:
— Models (AMRA, CNRS, EPFL, ICG/NGI)

— Case studies (Italy, France, Switzerland and Norway)
— Evaluation of models

e This presentation shows part of WP1.3
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Presenter
Presentation Notes
This contribution presents some of the experiences of Work Package 1.3 “Statistical studies for precipitation-induced landslides” as part of the SafeLand project funded by the 7th Framework Programme of the European Commission.
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Types of landslides analysed

Type of
movement > Topple Spread
Material

Rock flow
e Rock Rock fall Rock slide (rock
avalanche)
e Soil Soil slide
Earth Earth slide
Debris Debris flow
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Presentation Notes
These are the types of landslides presented in this contribution based on the type of movement and material.


Types of thresholds ?

ME,

ME,

ME, ME,
(A) (B)

ME,: Meteorological Element 1

ME,: Meteorological Element 2

+:Meteorological event with observed
landslides (LI = ”landslides”)

-: Meteorological event with no
observed landslides (LI = “no
landslides”)

ME, —— :Threshold

Cepeda & Devoli (2008)
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Thresholds can be defined based on three approaches:
 As a lower bound to landslide-triggering conditions (”+” symbols). This has been widely used by many authors.
 As an upper bound to conditions that did not trigger any landslides (”-” symbols). This approach can be useful for an initial callibration of thresholds in newly instrumented regions.
 As a boundary between triggering and non-triggering conditions. This is the preferred approach for callibrating thresholds for use in EWS. The challenge in optimising the threshold model (i.e., selecting the variables that define the threshold and how they are related) and its values (i.e., the callibrated constants of the model) is to minimize the number of false alarms (”-” symbols above the threshold) and missed events (”+” symbols below the threshold).


Threshold model (type-C): £
Antecedent precipitation model
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Presentation Notes
First, we show three type-C models based on antecedent precipitation:
 A single value of antecedent precipitation. Here, we need to callibrate the ”n” number of days of antecedent precipitation and the threshold value n
 Two values of antecedent precipitation for two different periods ”n” and ”p”. Here we need to callibrate ”n”, ”p” and the two values of . This can be represented by a classification tree with two levels.
 A linear combination of two antecedent precipitation conditions. Here we callibrate ”n”, ”p” and the two  values.
The figure to the right shows an example of the latter model. Here n = 10 days, p = 54 days, and the threshold is the red line.


Case 1. Norangselva 4
catchment (Western Norway)

e 90 landslides (1892-
2005):
e Debris flows: 13 i
* Soil slides: 54 E; =
* Rock-falls, -slides and =] 7"
avalanches: 23 B

@ Debris flow
T T T
60000 62000 64000

Legend

Surfcial deposits

tinuous, partly thick
tinuousithin

":—n

#®  Soil slide
e-fali-a
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Presentation Notes
The first case study that we present is the Norangselva catchment in Western Norway. The map shows the surficial deposits and the landslide incidents .


Threshold model: A, = «,

e n was varied from 1 to 360 days
e Optimum n minimised false alarms and missed

events
Days with _ :
: Days without landslides
Type  of Number of days Threshold landslides
jandslide | O antecedent 1y False
precipitation Predicted | Missed | Predicted
alarms
Debri
ebris 1 17 3 0 4564 547
flows
Soil slides 7 54 25 5 3681 1403
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-
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Presentation Notes
Using a simple threshold model, ”n” was varied from 1 to 360 days, and the optimum ”n” was selected. For debris flows, the optimum n = 1 day, and for soil slides n = 7 days. The aim of the threshold callibration is to maximise the green columns and minimise the orange columns (missed events and false alarms). This threshold for debris flows has very limited practical use because many of these events are triggered by short episodes of precipitation which are best captured by thresholds based on hourly measurements.


Threshold model: 1+a,A +a,A

Number of days of antecedent precipitation
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* Misclassification error: measure of missed events & false alarms
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Presentation Notes
A threshold model based on a linear combination of antecedent precipitation was also tested for two types of events: soil slides (left) and rock-falls and –slides (right). The colours in the figures represent the performance of the models in terms of ”misclassification error” (a measure of missed events and false alarms). Blue colours correspond to lowest misclassification errors and red colours to highest misclassification errors. A single pixel in each figure represents the performance of a threshold model that uses the correspnding ”n”- and ”p”-number of days (horizontal and vertical axes). The white zones along the diagonals of each figure represent combinations of antecedent precipitation that are strongly correlated, and thus were not considered for the analyses. For example, a threshold that combines 10- and 11-day antecedent precipitation is not considered in this model.
It is interesting to see that the models for soils slides show the best performance (concentration of blue pixels) for antecedent precipitations of about less than 40 days. However, for rock-falls and rock-slides, we see very little concentration of blue pixels, which confirms previous observations that these types of landslides (rock-falls and –slides) are poorly predicted based on precipitation values.


Case 2. Nedre Romerike area-L

30 earth slides in
Norwegian landslide
database

River and marine
sediments

All triggered during
autumn 2000

Daily rainfall data
1972-2003

© SafeLand
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Legend

@ Landslides
@ Groundwater station
I Morain material, thick layer
I Melting morain material
Glacier river or lake depositions
B Sea or fiorddepositions, thick layer [
I Marine shoredepositions, thick layer 8
River depositions :
W Bolders : A
[0 Slidematerial, thick layer [ S
[ Peat / svamps (organical material) 1>
Bare rock or 1hin Iayer of cover
T = L .

- Adapted from Jaedicke & Kleven (2008)
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Presentation Notes
The second case is from an area East of Oslo. The landslide incidents are the red circles within the black square.
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Case 2. Nedre Romerike area

 Problem with dataset: uncertainty in time (or date)
of occurrence (from 1 to 64 days)

e Approach in this study: incorporate time uncertainty
in the evaluation of the threshold:

1. For each landslide event, produce a probability density
function (PDF) based on the time uncertainty in inventory

2. Apply addition rule to PDFs of all landslide events

Classify levels of probability of occurrence in time: low,
medium, high

4. Estimate thresholds for each level of probability
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Presentation Notes
One problem with this dataset is the uncertainty in the time of occurrence, ranging from 1 to 64 days. This is a significant problem in the Norwegian inventory of landslides: more than 3000 events with uncertainties ranging between 12 hours and 64 days. The traditional approach is to discard events above a limiting uncertainty (e.g., 5 days) and use the less uncertain events without accounting for the uncertainty in the analyses (e.g., an event with 12-hour uncertainty is used with the same reliability than one with a 3-day uncertainty).
This list summarizes the simple, but novel approach used in this study for incorporating the uncertainty in the time of occurrence in the evaluation of the threshold.


Nedre Romerike, Norway T
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This is the result of the application of the aforementioned simple method. Here, the vertical axis represents the certainty that at least one landslide occurs in one day. Horizontal axis is time. The distribution is the result of combining the probability density functions (pdf) of all the 30 slides of this dataset.
Thresholds were callibrated for probabilities of 0.01, 0.1 and 0.5. The optimum value of ”n” (number of days of antecedent precipitation) was estimated as 46 days, and the corresponding threshold values are shown in the figure.


.

Intensity-Antecedent precipitation-“ﬁ"

Duration (IAD) model

| = [alAn . ] D,B _______________________________ 4
v | ;

......

e

o in 1D model

Where:
|, D and g as in ID model
A, . antecedent n-day precipitation (mm) =

o, and «,: constants of the model itensity (mmih) X

Duration (h)

This is a generalisation of the ID model. Cepeda, Nadim, Hgeg & Elverhgi (2009)

0 Safel.and »


Presenter
Presentation Notes
The last model application that we will present is a generalisation of the traditional and widely used Intensity-Duration power law form proposed by Caine in 1980. In this generalisation, we add a term (in brackets) that replaces the constant  of Caine’s equation. In our generalisation, the term in brackets will account for the effects of antecedent precipitation.
This model requires that we callibrate the value of ”n”, and the constants 1, 2 and .
The figure shows an example of the threshold. In log scale, this threshold is a plane in the space Intensity-Duration-Antecedent precipitation.
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* Type of events:
e Soil slides
* Debris flows

* Precipitation data: [SSSEEE
hourly

Blue: debris flows
Red: soll slides
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This model has been applied to a dataset of soil slides and debris flows from Barcelonnette and hourly measurement of precipitation. The figure shows the Barcelonnette area. The white squares are the rain gauges used in the analyses.
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Barcelonnette, France

(ID and IAD models, soll slides)

Comparison of ID and IAD models
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1. Explain left side first:
As an index of the performance of the threshold, we use the ROC space (Receiver Operating Characteristic). Here, the horizontal axis indicates the False Positive Rate, and the vertical the True Positive Rate. A threshold that performs in the upper-right corner (1,1) is the most conservative threshold (all landslide events are predicted, but all the no-landslide events are false alarms). A threshold that performs in the lower-left corner (0,0) is the least conservative threshold (no false alarms, but all landslide events are missed). The perfect situation occurs in the upper-left corner (0,1) when we do not have any false alarms nor missed events.
For a certain threshold model, if we vary the values of its parameters, we obtain different performances for each set of parameters, and if we obtain the envelope to all the possible sets of parameters, this is represented by the red ROC curve in the ROC space. From the ROC curve, we can pick two indexes that indicate the performance of the model: the area under the ROC curve, and the minimum distance of the ROC curve to the point of perfect classification (0,1).
2. Now, explain right side:
Using the dataset of soil slides from Barcelonnette, we tested 360 different IAD models (i.e., varying n = 1,2,3, ..., 360 days) and also the traditional ID model (Caine’s Intensity-Duration model). The results are presented using two performance indexes: Area under the ROC curve (AUC) in the horizontal axis, and minimum distance of the ROC curve to the point of perfect classification (0,1). The performance of the model improves as we move to the right and to the bottom (as indicated by red arrows). The colours of the dot markers indicate the value of ”n” (see colour bar). The best performance in terms of AUC is for n = 23 days, and the worst for n = 204 days. The ”x” marker shows the performance of the ID threshold (Caine’s power law).


Barcelonnette, France £
(ID and IAD models)

Debris flows Soil Slides
.0.I5 nnnnnnnn y (mm/h)
o Duration (h)
D: 1to 9 hours D: 3 to 17 hours
—0.6788 —1.5163
—0.275 _
| =4.297D | =181.2A25%D
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In the case of Barcelonnette, it was found that for Debris Flows, a traditional ID threshold is sufficient (left side), but for soil slides, an improved performance is achieved with the IAD model. The threshold model for n = 23 days is shown here (right side)
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Conclusions

 Asimple method was proposed to incorporate uncertainty in
time of occurrence in threshold estimation

[Based on the analysed case studies:]
 Triggering rainfall:

— Soil slides: 3to 17 hours

— Debris flows: 1 to 9 hours

e Soil slides well predicted using antecedent precipitation of
less than ~50 days

 Rock falls and rock slides poorly predicted. Need to account
for other effects (e.g., freeze-thaw)

e Needtoinclude the effect of snow melt
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Thank you for your attention

Jose.Cepeda@ngi.no JeanPhilippe.Malet@eost.u-strasbq.fr

A.Remaitre@unistra.fr
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