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Terminology according to the Joint Technical 
Committee on landslides and engineered slopes JTC-1

 Susceptibility: a qualitative or quantitative description of the type, volume 
(or area), and spatial distribution of landslides which exist or potentially 
may occur in an area (+ evt. velocity or intensity). In a susceptibility 
analysis, time frame is explicitly not taken into account.

 Hazard: A condition which may adversely affect human life, property or 
activity to the extent of causing disasters. The description of landslide 
hazard should include the location, the intensity (volume, area, and/or 
velocity) and the time recurrence.

 Risk: a measure of the probability and severity of an adverse effect to 
health, property or the environment. Risk is often estimated by the product 
of probability of a phenomenon of a given magnitude within a given period 
of time (i.e. hazard) times the consequences.

 Zoning: the division of land into homogeneous areas or domains and their 
ranking according to degrees of actual or potential landslide susceptibility, 
hazard or risk.
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Different scales, levels and types of landslide zoning

 Scale of mapping: regional, local and site-specific.
 These scales require a different degree of detail and accuracy of the input 

data (e.g. rough, detailed), and consequently the amount and reliability of 
information they yield vary significantly.

 Level of zoning: preliminary, intermediate (detailed) or advanced.

 Types of zoning maps:
 susceptibility analysis: accounts for landslide type, magnitude and 

sometimes spatial distribution and run-out, but not for frequency.
 hazard analysis: in addition to the susceptibility analysis, must provide an 

assessment of the frequency or of the probability of occurrence of the 
processes, as well as an estimation of their intensity.

 risk analysis: goes even further, defining how much vulnerable human 
lives and properties are with respect to a given hazard, and estimating the 
consequences of this hazard.



EPFL - LMR

6

Factors influencing the choice of the type of zoning

A relevant choice of the type of zoning depends on:
 mostly the intended purpose of the study defined by the stakeholders,
 the area to be mapped (zoning scale),
 the intended level of detail,
 the available resources (e.g. funding, timeframe and input data).

It is usually appropriate to carry out landslide susceptibility zoning at the regional 
or valley scale before performing hazard or risk zoning for planning purposes at 
the local and/or site specific scales.

Type of zoning Intended level of detail
Preliminary Intermediate Advanced

Zo
ni

ng
 s

ca
le Regional

1:25´000 to 1:250´000 Susceptibility (Hazard) -

Local
1:5´000 to 1:25´000 Susceptibility Hazard (Risk)

Site specific
1:5´000 to 1´000 Hazard Risk

Table inspired 
from Fell & al., 

2008
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Hazard identification and description (susceptibility)
What can occur and where ?
 Low-price first delineation of hazard-prone areas at regional scale

1

2
Hazard assessment

What are the frequency and intensity of the potential events ?
 More precise delineation of the areas at risk, at the local scale
 Quantitative assessment of the frequency and intensity of the hazard

Risk management and treatment 
If the risk is not acceptable, how can it be reduced ?
 Land-use planning  first priority 
 Stabilisation and/or protection measures  second priority
 Monitoring and warning systems, emergency plan  second priority

3

Three-step procedure in the Swiss Codes of Practice
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E
ng

in
ee

rin
g 

:
Back to the definition of Hazard (« aléa ») 

(International Strategy of Disaster Reduction)

Probability that a particular dangerous phenomenon of a given 
intensity occurs at a certain location within a given period of time.

OR
(mean) frequency of occurrence of a dangerous phenomena 
of a given intensity at a certain location

Hazard : A condition which may adversely affect human life, property or activity 
to the extent of causing disasters. The description of landslide hazard 
should include the location, the intensity and the time recurrence.

Probability of reaching a
location with a given intensity

Frequency of failure
(return period)

x

Intensity
(kinetic energy)

Frequency of occurrence
+

Hazard
=
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Few European guidelines for rockfall hazard zoning

Zone of instability I
Instabilities I and II

Hazard perimeter
for each individual 
instability

Medium
Low

High

Hazard

Switzerland
 Federal guidelines (1997)

Andorra
 Guidelines inspired from the 

Swiss one (2001)

France
 Plans de Prévention des 

Risques (PPR) (1999)

Italy, Germany
 Some regional guidelines

Austria, Croatia
 Guidelines under discussion
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Qualification of rockfall hazard in Switzerland
(hazard degree deduced from an intensity – frequency diagram)

Intensity

Probability
Return period Qualification
1  to  30 years high

30  to  100 years moderate
100  to  300 years low

> 300 years Very low

Kinetic energy Qualification
0  to  30 kJ low

30  to  300 kJ moderate
> 300 kJ high

… 3 degrees of hazard (danger) …

Return period

In
te

ns
ity

 [k
J]

30 years

100 years

300 years

Low Medium High
H

ig
h

M
ed

iu
m

Lo
w

High Hazard
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Description of hazard New urban development Existing urban areas

High: People and animals 
are at risk of injury inside 

and outside buildings.

Construction of new buildings 
prohibited.

New constructions prohibited. 
Maintenance of building allowed.
Protection measures required.

Moderate: People and 
animals are at risk of 

injury outside buildings, 
but at low risk inside.

New residential area forbidden in 
principle. In some cases, construction 
permitted with conditions (protections).

New constructions permitted with 
conditions (protection measures). 
Modifications only with increased 
safety measures (local protection)

Low: People and animals 
are at slight risk of injury.

New constructions permitted, local
protection recommended. Protection 

required for sensitive buildings

New constructions permitted, 
local protection recommended. 

No restriction for existing assets.

Principle: First priority in reducing hazard and potential
damages is given to land use planning measures
(delineation of areas suitable for construction). Only second
priority is afforded to structural protection measures.
Energy threshold values are based on the energy absorption
capacity of reinforced concrete walls (assessed to 300 kJ) and
of simple rigid wooden barriers (30 kJ).

Hazard description and constraints on land-use 
planning in Switzerland

En
er

gy
 (k

J)

Return period (years)
30 100

300

300

30

High

Moderate

Low

En
er

gy
 (k

J)

Return period (years)
30 100

300

300

30

High

Moderate

Low
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Various zoning methodologies for land use planning

14

Zoning 
methodology

Release area Propagation
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Land use planning
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Method 2D/
3D M
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ru
no

ut

Pr
ob

ab
.

of
 r

ea
ch

E
ne

rg
y

R
eb

ou
nd

 
he

ig
ht Type of 

zoning
Scale of 
zoning Guidelines

Cone method maps, GIS reach angle 3D √ - suscept. regional

IHR GIS √ reach angle 3D √ - suscept. regional Bolzano
Copons fieldwork reach angle 2D √ - suscept. regional Andorra

RES fieldwork ≈ rating based 2D ≈ ≈ ≈ suscept.
(hazard) local

LPC fieldwork ≈ ≈ rating based 2D ≈ ≈ suscept.
(hazard) local

R3S2 fieldwork ≈ ≈ rating based
reach angle 2D √ ≈ suscept.

(hazard) local
Magnitude -
frequency

hist. data 
GIS √ √ rating based 3D √ ≈ suscept.

(hazard)
regional
/ local

Matterock fieldwork √ ≈ trajectory 2D √ √ √ hazard local Swiss
Cadanav fieldwork √ √ trajectory 2D √ √ √ hazard local Swiss
Eurobloc fieldwork √ ≈ trajectory 3D √ √ √ hazard local Andorra
ADRGT fieldwork √ trajectory 2D √ - suscept. local France

RHAP fieldwork √ ≈ trajectory 2D √ - suscept. local Lombardia

RHV fieldwork
GIS √ trajectory 3D √ √ √ ≈ suscept.

(hazard)
local /

regional
Rockfall 
Analyst

fieldwork
GIS √ trajectory 3D √ √ √ ≈ suscept.

(hazard) local

≈  qualitative (or relative) descriptors of the considered parameter √  quantitative descriptors.
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Zoning methodologies at the regional or valley scale. 
Susceptibility zoning based on rough input data (e.g. GIS) for an early 

delineation at low cost of the areas potentially endangered by rockfalls.
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RHV fieldwork
GIS √ trajectory 3D √ √ √ ≈ suscept.

(hazard)
local /

regional
Rockfall 
Analyst

fieldwork
GIS √ trajectory 3D √ √ √ ≈ suscept.

(hazard) local

≈  qualitative (or relative) descriptors of the considered parameter √  quantitative descriptors.
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RES fieldwork ≈ rating based 2D ≈ ≈ ≈ suscept.
(hazard) local
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(hazard)
local /

regional
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fieldwork
GIS √ trajectory 3D √ √ √ ≈ suscept.

(hazard) local

≈  qualitative (or relative) descriptors of the considered parameter √  quantitative descriptors.

Rating-based zoning methodologies at the local scale. 
Susceptibility zoning based on fieldwork, sometimes completed by GIS-

based models. Qualitative evaluation of indexes relying on expert judgment.
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Trajectory-based zoning approaches at the local scale. 
Susceptibility zoning based on fieldwork (+ evt. GIS) and trajectory modelling.
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≈  qualitative (or relative) descriptors of the considered parameter √  quantitative descriptors.

Trajectory-based zoning approaches at the local scale. 
Susceptibility zoning based on fieldwork (+ evt. GIS) and trajectory modelling.
Hazard zoning if most of the required parameters are described quantitatively.
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- Reliability of the trajectory modelling results:
a) careful calibration on field observations ?
b) number of runs in a simulation ?
c) how to consider the few blocks with a longer runout ?

- Lack of data for assessing the time recurrence of the events 
and their associated magnitude (e.g. cadastre of events) !

- time recurrence of events not considered in some methods !

- Which threshold value for the probability of reach ?
- Which percentile of the energy distribution ?
- Way to combine probability of occurrence and kinetic 

energy for a strict hazard assessment ?

Departure zone

Block
propagation

Hazard zoning methodology

Difficulties and uncertainties which emerge when 
drawing hazard maps from trajectory modelling results



EPFL - LMR

21

 Performed analysis
 Trajectory simulations by Géoval (300 blocks)
 Reference block of 1 m3 considered
 Mean frequency of failure fixed as high for Matterock
 Mean frequency of failure of 1 block per year and per linear meter of cliff for Cadanav

 Departure zone
 Cliffs of dolomitic limestone and 

Triassic gypsum
 Three main discontinuity sets
 Blocks ranging from 0.5 to 1 m3

 Propagation
 Upper part of the slope consisting 

of bedrock and rock deposits
 Lower part: soil covered by blocks
 Two “extreme blocks” observed on 

site, close to a road

Creux de Chippis site - Canton of Valais, Switzerland

500

600

700

800

900

0 100 200 300 400 500 600x [m]

alt. [m]

departure zone

bedrock/
rock deposits

7 m3

1 m3 

Sierre-Vissoie
road

soil covered by blocks
500

600

700

800

900

0 100 200 300 400 500 600x [m]

alt. [m]

departure zone

bedrock/
rock deposits

7 m3

1 m3 

Sierre-Vissoie
road

soil covered by blocks
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… fairly different hazard maps …
which is very questionable since 

hazard maps are meant to be basic 
documents for land use planning !

M1
496420 589

C
467413

468

300 350 400 450 500 550 600x [m]

550

600

650

700
alt. [m]

Sierre - Vissoie
road

Matterock
Cadanav

Based on the Swiss intensity – frequency 
diagram, the hazard mapping could seem 
straightforward, but the application is not.
 Various mapping methodologies exist:

 Matterock
 Cadanav
 …

One intensity- frequency diagram for rockfall hazard mapping …
… but different interpretations and methodologies
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The assessment of the time recurrence of events 
and their associated magnitude is among the 
most difficult tasks in the hazard zoning process.

Hazard zoning performed for:
 Matterock with a low (L), a moderate (M) 

and a high (H) probability of failure.
 Cadanav with mean rock fall frequencies 

per linear meter of cliff of 1 block every 
100 years (L), 1 block every 30 years (M) 
and 1 block every year (H).

As expected:

H
420 496 589

M
375 433 549

L
375 420 496

300 350 400 450 500 550 600x [m]

Matterock

550

600

650

700
alt. [m]

Sierre - Vissoie
road

Significant influence on hazard zones of a change
in the temporal frequency of failure

The higher the rock fall frequency is, 
the larger the areas in danger for both 

zoning methodologies.
H

413 467

468

M
374 424

434

L
343 430

300 350 400 450 500 550 600x [m]

λf=1/100 years

λf=1/30 years

λf=1/1 year
Cadanav
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Do several simulations provide the same hazard maps ?

Due to the stochastic character of most rock fall codes, trajectory results are different from 
one simulation to another (e.g. “extreme” blocks). Does this influence the hazard mapping ?

 5 more simulations of 300 runs (Nb 1 to 5) and one of 10´000 runs (A)

300 350 400 450 500 550 600 650 700x [m]

5
4
3
2
1
0

A
Matterock

Important hazard zoning variability for the 300 
run simulations. Variation of zones limits:

 = 16 m,  = 42 m,  = 83 m
Less different zones with the 10´000 runs

300 350 400 450 500 550 600 650 700x [m]

5
4
3
2
1
0

A
Cadanav

Very low hazard zoning variability for the 
300 run simulations, i.e. :

 = 23 m,  ≈ 0 m,  ≈ 0 m
Results very similar with the 10´000 runs
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Overview of rockfall hazard guidelines and zoning 
methodologies for land use planning

 Various types of landslide zoning maps exist, namely: susceptibility, hazard and risk 
zoning. They differ in the purpose of the study, the intended level of detail, the input data, 
the available resources and the mapping scale.

 Major differences in land use planning are noticed in European guidelines. They are 
mostly related to different risk management strategies, which reflects how risk is 
perceived and accepted by a community.

 Several zoning methodologies are available. They rely on different data, assumptions 
and approaches, and they provide diverse types of information and results. Very few 
methods fully match the requirements of a strict hazard analysis.

 Although trajectory-based methodologies should provide a more reliable and objective 
hazard analysis, many difficulties and uncertainties emerge when drawing hazard maps:
 The time recurrence of the events and their associated magnitude is very difficult to assess…
 Some methods are too sensitive to the extreme path of a few blocks and consequently to the number of runs.
 Even when based on the same guidelines, hazard zoning methodologies differ in the way the kinetic energy 

and the rockfall frequency are merged…  … and consequently provide fairly different zoning results !

 Such differences in hazard maps are very questionable for stakeholders since they are 
meant to be basic documents for land use planning !
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Development of a methodology for rockfall hazard zoning at 
the local scale, complying with the following requirements:
- Based on the strict definition of hazard, namely considering 

at each location of the slope the intensity of the rockfall
and its frequency of occurrence;

- As rigorous and objective as possible, to guarantee a 
zoning that is independent of the user (once the failure 
scenario and the trajectory simulation results are set); 

- Complying with the intensity – frequency diagram 
prescribed in the Swiss guidelines.

The frequency of failure is assessed from a register of 
events as the number of blocks detaching from the cliff 
within a given observation period and per unit length:

Objectives

Need for a rigorous rockfall hazard zoning methodology
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P(E ;x)
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29

P(E;x) : Percentage of blocks reaching a given 
abscissa  x  of the slope with an energy higher than  E

100 blocks
thrown

20 blocks with an 
energy > 200 kJ

40 blocks reaching the 
considered abscissa x

P(200 kJ; x) = 20 %

Trajectory simulation

P(0 kJ ; x) = 40 %

x

E P(E)
0 40 %

130 30 %
200 20 %
225 10 %
275 0 %



EPFL - LMR

30

P(0 kJ ; x) = 40 %

P(200 kJ; x) = 20 %

( diameter here taken equal to 1 m )

 (E;x) : mean frequency of blocks reaching the 
abscissa  x  of the slope with an energy higher than  E

Frequency of 
failure per linear 

meter of cliff dxEPxE f  );();( 

Frequency 
of reach Frequency

of reach with
E > 200 kJ

x
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( diameter here taken equal to 1 m )

31

Return period of 
blocks released for a 
linear meter of cliff

P(0 kJ ; x) = 40 %

T(E;x) : return period of blocks reaching the
abscissa  x  of the slope with an energy higher than  E

dxEP
T

xE
xET f




);();(
1);(



Return period of 
blocks reaching the 

abscissa  x
P(200 kJ; x) = 20 %

Return period of blocks 
reaching the abscissa  x  

with E > 200 kJ

x
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From the pairs  Ei - P(Ei)  obtained with the trajectory modelling …
- drawing of a hazard curve  Ti - Ei at each location of the slope (abscissa x)
- qualification of the hazard degree based on the intensity-frequency diagram

32
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From the pairs  Ei - P(Ei)  obtained with the trajectory modelling …
- drawing of a hazard curve  Ti - Ei at each location of the slope (abscissa x)
- qualification of the hazard degree based on the intensity-frequency diagram
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0

E 
(kJ)
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x

E P(E) T
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130 0.3 100
200 0.2 150
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Hazard degree determined 
by the worse condition 
along the hazard curve
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Scenario considered:
 Blocks of 10 m3, d = 2 m
 Frequency per linear metre of cliff

f = 1 block / 200 years

Hazard zoning along a 2D slope profile
(Profile P1 at the site of Zeneggen in the Canton of Valais)
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Scenario considered:
 Blocks of 10 m3, d = 2 m
 Frequency per linear metre of cliff

f = 1 block / 200 years

Tf = 200 years
Tf = 40 years

f = 1 block / 40 years
(frequency 5 times higher)

Possible imbrication of zones with different hazard 
degrees on complex topographies (i.e. characterised 

by steps: e.g. steep parts and flatter zones).

Hazard zoning along a 2D slope profile
(Profile P1 at the site of Zeneggen in the Canton of Valais)
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Hazard zoning on a 3D topography
(site of Les Crétaux, Canton of Valais)

 Digital Elevation Model (DEM) with a resolution of 25  25 m
 Rockfall trajectory modelling with the code Eboulement (LMR-EPFL)
 Scenario considered:

 Parallelepiped blocks of 1.0, 0.6 and 0.6 m of size (0.36 m3)
 Frequency of failure of 1 block per year from the source cell

The zoning with Cadanav is quite insensitive to the presence of extreme blocks  robust method

DEM 25 x 25 m Some trajectories Zoning
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Combination of sources on a 3D topography
(site of Les Crétaux, Canton of Valais)

The combination of several sources yields hazard zones with a larger extension than the simple merging 
of the hazard zones obtained from the separate contributions of all the sources taken individually.

DEM 25 x 25 m Some trajectories Zoning

Tf = 1.2 ansTf = 2 ansTf = 3 ansTf = 4 ans

 Digital Elevation Model (DEM) with a resolution of 25  25 m
 Rockfall trajectory modelling with the code Eboulement (LMR-EPFL)
 Scenario considered:

 Parallelepiped blocks of 1.0, 0.6 et 0.6 m of size (0.36 m3)
 Departure of blocks from 9 source cells, with a return period of:
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1 Source3 Sources5 Sources11 Sources19 Sources26 Sources

Evolution of the hazard zones for an increasing number 
of source cells located along an infinite linear cliff

… transition from a single source to a diffuse source area …
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Significant advantages of the Cadanav methodology 
versus other available methods for hazard zoning 

 Quantitative method based on trajectory 
modelling results, combining in a strict way 
the rockfall intensity and frequency, and 
considering the time recurrence of the events.

 Hazard curves meant to provide a complete 
view of all the hazard scenarios potentially 
affecting a given point of a slope.

 Applicable along 2D slope profiles and on 3D 
topographies.

 Applicable for different hazard scenarios: 
single instabilities, either localised or diffused, 
and combined instabilities.

 quite insensitive to extreme propagation paths

 Rigorous and robust methodology, which 
provides an objective hazard evaluation inde-
pendent of the user (given an initial data set).
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 Method applicable with the results provided by many trajectory 
modelling codes (condition: energy-probability curves  Ei - P(Ei)  at each location):
 Rockfall Simulation Program (2D; Dr. Spang)
 Eboulement (3D; LMR-EPFL)
 Rockyfor3D (3D; EcorisQ)
 RocFall (2D; Rocscience), to a lesser extent.

 Method applicable regardless of the intensity-frequency diagram:
 Switzerland
 Principality of Andorra
 France, Morocco …

… in the future …?

43

Wide applicability of the Cadanav methodology for 
quantitative rockfall hazard assessment and zoning
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