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Brief overview
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Main objective:  providing a few contributions and food for
thoughts about theoretical methodologies and
current practices in rockfall hazard quantification

Outline:
□ Theoretical background and probabilistic approach

□ Concepts of partial and global reach probabilities

□ Small probabilities’ approximation
□ Two examples

□ Some remarks on the method
□ Outlook and perspectives



Initial framework
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Consider n sources labeled S1,…,Sn

Consider an at-risk element labeled A

Rock fragmentation is neglected

Set an arbitrary time period T

Assume that a source can release
one rock only one time (after
‘‘activation’’, the source is
‘‘switched off’’)
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Each single source Si generates a ‘‘partial hazard’’ with respect to the at-risk element A

Hazard from a single source  ⇨ partial reach probability

The n sources S1,…,Sn generate together a ‘‘global hazard’’ with respect to the at-risk
element A

Hazard from all sources  ⇨ global reach probability

aim: expressing as a combination of the⇨
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Starting from

we want a condition ensuring that (2) is negligeable with respect to (1), i.e. (2) ≪ (1)

⇨ condition: (partial reach probabilities ‘‘very small’’) 

⇨ (small probabilities’ approximation)
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Mutual independence:

⇨ is necessary to turn the probability of the intersection into the product of probabilities

⇨ means that the reaching of at-risk element A by a given source has no impact on the reaching of
element A by another source

Mutual exclusivity:

⇨ is the underlying hypothesis when neglecting the higher-order terms in the small probabilities’
approximation

⇨ means that the reaching of at-risk element A by a given source cannot occur simultaneously with
the reaching of element A by another source

during the time period T
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Approximated formula:

(small probabilites’ approximation) 

Exact formula:
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Aim: applying and comparing the formulas using the model of diffuse hazard

Discretization of the terrain (DEM): •  at-risk element A  ⇨ at-risk cell A

•  sources S1,…,Sn ⇨ source cells S1,…,Sn

• propagation probabilities become surface values

Possibility of procedure:
•   identifying source zones on the cliff
•   determining a typical rock volume (or volume class) to each source zone
•   dividing the source zones into source cells of the same resolution
•   assigning a departure probability to each source cells
•   estimating all propagation probabilites (with rock propagation simulations) 
•   computing the field of global reach probability
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Departure probabilties are related to the time period T (often annual but not necessarily)

How to estimate pd?
‘‘Expert-based’’ opinion, terrain surveys, historical studies, frequency-volume relation, 
Poisson probabilty law…

Examples of values: 1 (or more) departure(s) during T ⇨ pd = 1  

1 departure during 10 * T ⇨ pd = 0.1
1 departure during 100 * T ⇨ pd = 0.01 

⇨ if a source zone, divided into 100 source cells, might produce 8 rocks of a given
volume class during T, then the deprature probability of each source cell in the 
source zone equals 0.08 
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total number of 
source cells

70
(zone I: 42 | zone II: 28)

number of 
trajectories

(rocks) simulated
per source cell

200

total number of 
trajectories

(rocks) simulated
14000 

departure
probability of 
source cells

zone I: 1/42 ≈ 0.0238
zone II: 0.1/28 ≈ 0.0036
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0.26628

0.23463

Source cell-wise calculation:

Source zone-wise calculation:

0.26199

total number of 
source cells

70
(zone I: 42 | zone II: 28)

number of 
trajectories

(rocks) simulated
per source cell

200

total number of 
trajectories

(rocks) simulated
14000 

departure
probability of 
source cells

zone I: 1/42 ≈ 0.0238
zone II: 0.1/28 ≈ 0.0036

0.26628
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The ‘Saint-Eynard’ mountain, in the 
French Alps, near Grenoble

Simulations with Rockyfor3D

Mapping of the absolute gap between
the values computed with the exact 
formula and the approximated formula
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The ‘Saint-Eynard’ mountain, in the 
French Alps, near Grenoble

Simulations with Rockyfor3D

Mapping of the absolute gap between
the values computed with the exact 
formula and the approximated formula

Up to 0.01 of absolute gap

The gap is generally small enough to be
absorbed in the logarithmic zoning 
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Commonly used expression for computing the reach probability

Start from the small probabilities’ approximation

This formula is a particular case of the small probabilities’ approximation,

considering that all sources are part of a unique source zone:
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Commonly used expression for computing the reach probability

Assume homogeneous departure probabilities and express the propagation probabilities

This formula is a particular case of the small probabilities’ approximation,

considering that all sources are part of a unique source zone:
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Commonly used expression for computing the reach probability

Recognize the total number of simulated rocks from all sources

This formula is a particular case of the small probabilities’ approximation,

considering that all sources are part of a unique source zone:
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Commonly used expression for computing the reach probability

Insert the number of sources (n)

This formula is a particular case of the small probabilities’ approximation,

considering that all sources are part of a unique source zone:
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Commonly used expression for computing the reach probability

Define the departure probability of the source zone, the total number of rocks that

reached the cell A, and the total number of simulated rocks from the source zone

This formula is a particular case of the small probabilities’ approximation,

considering that all sources are part of a unique source zone:
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Thank you very much for your attention!

I will be happy to answer your questions!

arthur.f.rossignol@gmail.com
remy.martin@onf.fr

franck.bourrier@inrae.fr
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