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1. Definition of hazard magnitude / intensity in a QRA framework

2. Travel distance analysis (runout)
a. Empirical approaches
b. Numerical approaches (for slow and fast mass movement)

3. Flow dynamic analysis (velocity, flow height, discharge, etc.)
a. Empirical approaches
b. Numerical approaches

4. Conclusion: hazard spatial probability
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What are the QRA stages?

� Location, geometry and classification of 
existing or potential landslides ?

� Estimated frequency (annual, decennal, 
... probabilities) ?

� Estimated magnitude (intensity) ?

� Elements at risk and associated 
vulnerability ?

� Spatial and temporal probability ?

� Potential damage (scenarios) ?

� Magnitude (intensity) – Frequency 
relationships ?
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Jakob (2005)

Hazard analysis for different magnitudes (scenarios)

Spatial extent for various scenarios 
with different probability of occurrence
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Jakob (2005)

Hazard analysis for different magnitudes (scenarios)

Scenarios based on runout 
analysis are sometimes sufficient to 
get the potential affected areas …
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Hazard analysis for different magnitudes (scenarios)

Small size landslides: Intensity is more appropriate than the magnitude
(it is a spatially distributed parameter)

Design of remedial and protective measures are based on landslide
intensity calculations ! Corominas (2008)
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Hazard matrix: intensity – frequency relationship

Corominas (2008)
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Hazard matrix: intensity – frequency relationship

Corominas (2008)
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Landslide intensity

+ Intensity: a set of spatially distributed parameters describing 
the destructiveness of a given landslide (Hungr, 1997) ;

+ The landslide mechanism has a strong influence on the 
consequences and damages. Large landslides are not 
necessarily more damaging than small ones !

+ The expected damage depends on the location of the 
exposed elements in relation to the landslide.

i.e. velocity, kinetic energy, total displacement, flow discharge, 
etc.
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I = the highest expected velocity

I Landslide types

High
Flow slides, Rapid earth and debris 

flows, Rock falls, Rock 
avalanches, Rock slides

Medium

Slides and slow earth flows
(Occasional reactivation and Active 

landslides)
First failure in brittle materials

Low

Deep-Seated Gravitational Slope 
Deformation (DSGSD), 

Sackung, Lateral spreads and 
Creep zones

Landslide intensity descriptors

Cascini (2003)
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Process Low intensity Medium intensity High intensity
Rock falls E < 30 kJ 30 kJ < E < 300 kJ E > 300 kJ

Slides Vs < 2cm/year Vs : dm/year Vs > dm/day ;
Displacement

> 1 m per event

Debris flow - D < 1 m and D > 1 m and
V < 1 m/s V > 1 m/s

E < 0.5 m 
(potential)

0.5 < e < 2 m 
(potential)

e > 2 m
(potential)

E = kinetic energy ; Vs = mean annual velocity of slide ; D=thickness of debris 
front ; V=debris flow velocity ; e= depth of soil material (potential debris 
flows)

Lateltin et al. (2005)

Landslide intensity descriptors

Rock avalanches or large rock slides will be always ranked as very
intense event (catastrophic events)
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How far ? (Travel distances)

+ Empirical approaches
(based on previous 
obervations in a given 
study area, historical 
databases) ;

+ Numerical approaches
(statistical models, 
physically-based models, 
etc.).
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Fannin & Wise (2003)

How far ? (Travel distances)
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Rickenmann (2005)

How far ? (Travel distances)
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Rickenmann (2005)

How far ? (Travel distances) … Empirical

+ Travel distances for various fast mass movements
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How far ? (Travel distances) … Empirical

+ Travel distances for rock avalanches ;

Jaboyedoff & Labiouse (2001)
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How far ? (Travel distances) … Empirical

+ Travel distances for rock avalanches ;
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How far ? (Travel distances) … Empirical

+ Travel distances for rock avalanches ;

Jaboyedoff & Labiouse (2001)
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Kappes et al. (2009)

How far ? (Travel distances) … Empirical

+ Travel distances and spreading for debris flows (at a risk 
basin scale)



In
st

itu
t d

e 
Ph

ys
iq

ue
 d

u 
G

lo
be

 d
e 

St
ra

sb
ou

rg
, 

Éc
ol

e 
et

 O
bs

er
va

to
ire

 d
es

 S
ci

en
ce

s 
de

 la
 T

er
re

FP7 ITN CHANGES – Meeting Poland, 23 September 2011

How far ? (Travel distances)

+ Empirical approaches
(based on previous 
obervations in a given 
study area, historical 
databases) ;

+ Numerical approaches
(statistical models, 
physically-based models, 
etc.).
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Fannin & Wise (2003)

How far ? (Travel distances)
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How far ? (Travel distances) … Numerical for slow M.M.

Calculation of the mechanical stresses within the material

Use of a rheological model (Bingham, Voelmy, etc)

1956: pre-failure 1978 1995

Application: long-term kinematics of the Super-Sauze mudslide

Coupling a hydrological model to a displacement model
(transport and routing of material)
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How far ? (Travel distances) … Numerical for slow M.M.

�cos/ s
hKWP pasact �

�
��

� �0�� �	� KV

� � 'tancos10 
��� 		�		�� ud rhcoh

Two parameters Bingham rheology

�
�
� 2cos	

�

�
��
�

�
�

d

w
ur

Yield strength (resisting force T): Coulomb viscous-cohesive

Shear stress (driving force G+P): gravity and pressure terms
(derived as in Hungr, 1995; Hutter & Koch, 1991)

PG ��� �sinWG ��

h 

W 

��
��

Pore pressures (U): only for the calculation of the normal stress (pore pressure ratio)

Mass balance equation: � � � � 0
y
vh

x
uh

t
h

�
�
�

�
�

�
�

�
�

Numerical scheme (2 step fully explicit finite difference solution):
- Lax (explicit, finite central difference scheme) for the mudslide body
- Upwind (explicit, backward difference scheme) for the mudslide front & laterals

Lax

x-1 

x+1 

x 

x-1 

x+1 

x 

Upwind

Malet (2005)
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How far ? (Travel distances) … Numerical for slow M.M.

1971

1982

1978 Period 1971-1982:

- V1 = 300,000 m3

- Rheology: c’ = 2 kPa ; �’ = 23° � = 10,000 kPa.s

1971 � 1982

1982:
- Runout distance: Dobs = 653m ; Dsim = 681m
- Velocity: Vsim = 0.04 – 0.08 m.day-1

Malet (2005)
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How far ? (Travel distances) … Numerical for fast M.M.

+ Travel distances for debris flows (at the catchment scale)

Source area

Runout & 
spreading area

+ What is the minimal volume
of material (source area) to 
reach the fan (stakes) ?

+ Modeling of DF runout 
according scenarios
(volume and rheology of the 
source material)
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Run-out distance (m)

Fl
ow

 h
ei

gh
t (

m
)

Remaître (2006)

+ Travel distances for debris flows (at the catchment scale)

How far ? (Travel distances) … Numerical for fast M.M.



In
st

itu
t d

e 
Ph

ys
iq

ue
 d

u 
G

lo
be

 d
e 

St
ra

sb
ou

rg
, 

Éc
ol

e 
et

 O
bs

er
va

to
ire

 d
es

 S
ci

en
ce

s 
de

 la
 T

er
re

FP7 ITN CHANGES – Meeting Poland, 23 September 2011

+ Travel distances for debris flows (at the catchment scale)

Remaître (2006)

How far ? (Travel distances) … Numerical for fast M.M.
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+ Empirical approaches
(based on previous 
obervations in a given 
study area, historical 
databases) ;

+ Numerical approaches
(statistical models, 
physically-based models, 
etc.).

How much ? (dynamic, impact…)
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Jakob (2005)

How much ? (dynamic, impact…) … Empirical
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Dong et al. (2009)

How much ? (dynamic, impact…) … Empirical
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Berti & Simoni (2007)

How much ? (dynamic, impact…) … Empirical
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+ Empirical approaches
(based on previous 
obervations in a given 
study area, historical 
databases) ;

+ Numerical approaches
(process-based models, 
etc.).

How much ? (dynamic, impact…)
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Remaître (2006)

How much ? (dynamic, impact…) … Numerical

Source area

Runout & 
spreading area
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Remaître (2006)

How much ? (dynamic, impact…) … Numerical
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Remaître (2006)

How much ? (dynamic, impact…) … Numerical
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Remaître (2006)

How much ? (dynamic, impact…) … Numerical
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Remaître (2006)

How much ? (dynamic, impact…) … Numerical
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Remaître (2006)

How much ? (dynamic, impact…) … Numerical


