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Power-law model – definition
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min, vvvN >∝ −θ

θ decay exponent = measure of « tail heaviness »
« the higher θ, the lower Prob(V>v) »



> 8

Power-law model – definition

N number of events (landslides) with size ≥ v (volume, area, etc.)

min, vvvN >∝ −θ

n number of events with size = v

min

)( , vvvn >∝ +− 1θ

θ decay exponent = measure of « tail heaviness »
« the higher θ, the lower Prob(V>v) »
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Power-law model for rockfalls

Dussauge-Peisser et al., NHESS, 2002

min,)log()log( vvCstevN >+⋅−= θ
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Power-law model for rockfalls

Hungr et al., 1999
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Power-law model for rockfalls

Malamud et al., ESPL, 2004
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Power-law model for landslides

Guzzetti et al., EPSL, 2002
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Power-law model for landslides

Brunetti et al., NPG, 2009



Coastal chalk cliff of Mesnil-Val, France 
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Photos aerial photo DDE 1985

Station i

Station i+1

Distance i+1

Distance i

~ 80m

Terrestrial Laser Scanning surveys
> 6 epochs of measurement at equinoxes from December 2005

• December 2005, March 2006, August 2006, March 2007, September 2007, April 2008, 
(+March 2009 – helicopter-borne lidar)

> 8 scanning stations (re-occupied to within +/-1m)
> Scanning resolution (0.05°x 0.05°) – Digital Surface Mo dels 5x5cm
> Each scan contains ca. 11 million points (pt precision 2σ<1.5 cm)

Dewez et al., EGU - 2011
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Digital Surface Model differences ���� Rockfall inventory



Empirical Frequency-size relationship,
>8000 events

> 17



> 18

v_min

θθθθ
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“An outlier is an observation that lies an
abnormal distance from other values in a 

random sample from a population.”

Engineering Statistical Handbook, National Institute of Standards and Technology
(2007) See http://www.itl.nist.gov/div898/handbook/prc/section1/prc16.htm



Sensitivity to the presence of outlier
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Population

Assumed outlier
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Robust estimation of θθθθ
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Use of Weighed Maximum likelihood estimation MLE
(Dupuis and Victoria-Feser, 2006)

Basic idea:
Assign to each observation a weight w depending on
- Rank order
- Representativeness

Any points which do not lie in the central p1 and 1-p2
part of the distribution F (p1=p2=0.005), � smoothly 
down-weighted (weight <1)
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v_min=0.28 m3

θ≈θ≈θ≈θ≈0.47



Largest event: >70 000 m3 
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Quantile – Quantile plot
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Test for « outlyingness »
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Use of the weight of the WMLE (Dupuis et al. 2004)

Here : 0.53

Statistical significance ?
�what is the probability of finding a weight ≤ 0.53 if the 

empirical distribution followed a power-law model ?



Test for « outlyingness »
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�Hypothesis Ho: “the largest event follows a power-law 
model”

�Use of a bootstrap approach:
�Generate 10,000 times a sample of same size as the 

observations from a power law (θ=0.47 & v_min=0.28 m3) ;
�Calculate the weight of the largest event;
�Calculate the ratio of largest events with weight ≤ 0.53;

� p-value < 1 %
= probability of Type-I error: to reject Ho when it is true



Origin n °1: error measurement ?
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Point precision 2σ<1.5 cm
Scar depth precision 2σ~1.8 cm
� Uncertainty on volume ~0.12 %



Origin n °2: temporal resolution ?
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TLS survey every ~6 months

� Does not allow capturing multiple failure processes
� Large rockfall = two “smaller” events ? 

Event A1
~22,700 m3

Event A2
~48,240 m3
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~22,700 m3
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Origin n °2: temporal resolution ?
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TLS survey every ~6 months

� Does not allow capturing multiple failure processes
� Large rockfall = several “smaller” events ? 



Origin n °3: physical mechanism ?
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Role of pre- existing 
structural faults ?



Origin n °3: physical mechanism ?
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Role of pre- existing 
structural faults ?
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In summary…

Large event = extrapolation of power 
law model ?

More complicated story:
�Heterogeneity;
�Driving forces
�Geometry and structural pre-existing 

pattern
�…
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Thank you for your 

attention !
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