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Evaluation of risks related to rock falls on an urban 
area in the Desirade island in Guadeloupe
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La Désirade is an island (11*4 km) situated in 
the eastern part of Guadeloupe, in the middle of  
Antillas archipelago
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A layer of coralline limestone with a thickness of about 150 m, raised up during recent tectonic 
regional story, covers a very old substratum of igneous rocks.
Among available data, on the right side of the screen, the limestone table is shown here with the 
localisation (in red) of instable areas
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Thousands of trajectories have been calculated in 3D, from these potential departure areas. They are 
shown with their respective stopping points. The system allows mapping equal velocity and equal
flying altitude for the blocks all over the studied slope.
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This is an exemple of rockfall on an area
photographied in february 2007 and 
which breaked during a strong regional
sismic event in december 2007.

Blocks trajectories have been 
strictly true to previous calculations
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A B

to measure (x,y,z ) 
the location of a large quantity of points (B),

C D

to create a TIN 3D model (C), and then to drap image 
elements on the faces (D)

GIPEA developed a system which allows, starting from stereoscopic slides (A),
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So it becomes easy to make a lot of geotechnical 
observations, choosing the viewpoint on the 3D 
model, to locate significant discontinuities, to 
calculate main elements necessary for stability
assessment

Location of main discontinuities
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Final results, in terms of rock falls hazards
assessment, are shown here under :

A

B C

A/ regionalisation of potential propagations

B/ idem with interception works

C/ hazard mapping
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The system allows to show not only hazards zoning (A)

A

B

C

D

, but also the complete urbanistic zoning laws (B) 
and to present, for a selected parcel (C), the main information (D) necessary for decision makers.
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Finally, it allows to inform about main regulations concerning the parcel
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We did that for the main hazards threatening the island, landslides, sismic events, inundations 
and cyclonic waves
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GIPEA has developed a lot of similar applications
like, for example, EMMA à Val d’Isère
(Evacuation des iMmeubles Menacés par des Avalanches 
Evacuation of buildings exposed to snow avalanches) :

B

A

A/ selection of an avalanche stream
B/ identification of the exposed elements
C/ justification of their vulnerability

C
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Landslide hazard’s assesment in Guadalupe, 
(Salvador) , for three conditions : 

A/ normal
B/ strong rain season
C/ sismic conditions for a given acceleration

B C

A
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A

B C

Lahars hazard’s assesment in Guadalupe, 
(Salvador) , for three conditions : 

A/ normal
B/ strong rain season
C/ sismic conditions for a given acceleration
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General organization of specific datawarehouses
and shared systems for inundations and landslides 

risk prevention in the town of Lyon
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GERICO has been designed to manage and to share all the pertinent data which are necessary for 
people involved in flood prevention management. Four access doors are proposed.   
Specific topics are proposed in the right window.
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Available results depends on  choosen territory scale : here, the catchment scale has been 
selected and an orthophotographic map has been chosen here to delimitate a catchment area
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If a small river is selected, the user can choose specific points that give access to the complete 
corresponding available information (see next slide)
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Here for example, detailed results on the selected small bridge : texts and technical data including 
dimensions, the maximum amount of water that could pass during a flooding event, 
an evaluation of the vulnerability as well as maintenance needed
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The same system, applied to landslide risk management allows the selection of a cadastral parcel
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….and to choose, among available data, the ones which are interesting for hazards assessment.
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….as, for example geology…
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…or localisation (here in  light blue) of previous studies concerning neighbour parcels …
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….with access to main elements of the file…
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….and to expert’s opinions
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Risk economic assessment on an area menaced by 
the collapse of a natural dam
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A

B

Submersion wave due to uncontrolled overlap of this dam would ravage 
the valley as far as Grenoble, affecting one million people.

The huge potential rockslide of Séchilienne (A) could create a natural dam across Romanche valley
30 km southeast from Grenoble (B). 
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The whole territory has been analysed town by town and parcel by parcel, to try to assess, building by 
building, the effect of the three main damaging factors : height, velocity and duration of the wave.



Developing Risk information for Risk Reduction

GipeaJean Pierre Asté Experiences in Hazard, Vulnerability and Risk Assessments: Assisting and Orienting Decision Making gipea@gipea.fr

Here is a part of the method for assessment of a local magnitude index for the phenomenon 
characterization. Il has been calculated pixel by pixel starting from hydraulic models results
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For each element of building the fiscal database reveals interesting informations for 
vulnerability assesment

Structural vulnerability
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economic and fiscal databases (B), 

A
B

C

D
E

F

Starting from cadastre (A), and from phenomenon magnitude 
regionalised index (C) , the system calculate the towns (D) and the parcels (E) affected and the 
global cost of potential losses (F).
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The system makes a specific assessment for damages (to buildings) (A)

A
B

C

D

E

, preventive 
evacuation costs (C)

, human harms (B)
, activities dysfunctions (D), and forced unemployment (E)
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90% 0.1800

0.1800 90.0%

0.200

10% 90% 0.0180

0.0200 0.0180 9.0%

10% 90% 0.0018

0.0020 0.0018 0.9%

10% 0.0002

0.0002 0.1%

0.2000 0.0200 0.0020 0.2000

éboulement    
scénario 370  
(20 mio m3)

D
S c é na rio  3 3 8  +       
S c é na rio  3 5 0  +       
S c é na rio  3 6 0  +       
S c é na rio  3 7 0   

Eboulement 
Scénario 

370?
Scénario de dommage

A S c é na rio  3 3 8

éboulement    
scénario 350  
(5-6 mio m3) B S c é na rio  3 3 8  +    

S c é na rio  3 5 0

éboulement   
scénario 360  

(9 mio m3)
C

S c é na rio  3 3 8  +       
S c é na rio  3 5 0  +       
S c é na rio  3 6 0  

éboulement    
scénario 338  

(3 mio m3)

Eboulement 
Scénario 

338?

Eboulement 
Scénario 

350?

Eboulement 
Scénario 

360?

This is one of preselected hypothesis for dam formation, with succession of events of increasing 
gravity, each one with the estimated probability of occurence within one year
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Situation actuelle

Situation 
aval

route RN91 Situation 
amont

Situation 
aval

route RN91 Situation 
amont

Situation 
aval

route RN91 Situation 
amont

0.1800

90.0% 0.0108 0.0000 0.0000 146.0502 1.3028 0.0214 2.3595 30.2530 0.0000 71.8%

0.0180 0.0011 0.0000 0.0000 14.6050 0.1303 0.0021 0.2359 3.0253 0.0000
9.0% 0.0021 0.0000 0.0000 20.1292 0.3643 0.0201 4.6202 11.3773 0.0000 21.8%

0.0001 0.0000 0.0000 1.4605 0.0130 0.0002 0.0236 0.3025 0.0000
0.0018 0.0002 0.0000 0.0000 2.0129 0.0364 0.0020 0.4620 1.1377 0.0000

0.9% 0.0004 0.0000 0.0000 2.5315 0.0364 0.0182 1.2993 1.2960 0.0000 4.2%

0.0000 0.0000 0.0000 0.1623 0.0014 0.0000 0.0026 0.0336 0.0000
0.0000 0.0000 0.0000 0.2237 0.0040 0.0002 0.0513 0.1264 0.0000

0.0002 0.0000 0.0000 0.0000 0.2813 0.0040 0.0020 0.1444 0.1440 0.0000
0.1% 0.0003 0.0000 0.0000 3.5900 0.0040 0.0060 0.5160 0.1440 0.0000 2.2%

100.0% 0.0% 0.0% 99.0% 1.0% 0.0% 16.9% 83.1% 0.0%

0.2000

coûts marginaux 3 000 000 Euro 100.0%

0% 77% 23%

R0 risque initial annuel Euro/an250 615 634

- Vie humaine  - propriété

risque annuel

en Mio. Euro par an

- pertes économiques

0.0150

en morts statistiques par année

193.0159 57.5547

en Mio. Euro par an

D
Scénario 338 +       
Scénario 350 +       
Scénario 360 +       
Scénario 370  

Scénario de dommage

A Scénario 338

B Scénario 338 +    
Scénario 350

C
Scénario 338 +       
Scénario 350 +       
Scénario 360 

Here are the results for the present situation. The economic weight of the worse scenario is lowered by
their low occurrence probability, but  it will increase year after year. 
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risque annuel parades

- Vie humaine  - propriété - pertes 
économiques

- total
Coûts 
d'investis-
sement

délai Coûts 
d'entretien :

Durée de 
fonction-
nement :

coûts annuels 
de la parade

Relation  
ef f icacité/ 
coûts 

Parade:
en morts 

statistiques 
par année

en Mio. Euro 
par an

en Mio. Euro 
par an

en Mio. Euro par 
an

en Mio. Euro 
par an

en Euro TTC en ans en Euro par an en ans en Euro par an en [1]

PR1

- Déviation « basse »  
sans tunnel, sans 
réfection des ponts aval 
et amont (cote maxi 350)

0.0150 191.6159 28.7547 220'415'634 30'200'000 6'300'000 2 0 30 304'500 99.2 2.

PR2

- Déviation « haute »  
sans tunnel, sans 
réfection des ponts aval 
et amont (cote maxi 360)

0.0150 191.2159 17.2347 208'495'634 42'120'000 11'900'000 2 0 30 575'167 73.2 3.

PT1
- Tunnel routier avec 
réutilisation du pont aval 0.0144 185.0196 13.8583 198'921'013 51'694'620 49'000'000 7 180'000 50 1'895'000 27.3 5.

PT2
- Tunnel routier avec 
nouvel ouvrage aval 0.0144 185.0196 13.8583 198'921'013 51'694'620 56'500'000 7 150'000 50 2'127'500 24.3 6.

PC - casiers hydrauliques 0.0150 54.7759 50.9299 105'750'823 144'864'810 3'500'000 1 0 30 169'167 856.3 1.

PH1

- Galerie hydraulique de 
débit 400 m3/s, 
entonnement amont à 
une cote  338

0.0126 167.4397 49.8749 217'352'480 33'263'154 22'500'000 5 400'000 50 1'187'500 28.0 4.

PH2

Galerie hydraulique de 
débit 800 (2 x 400) m3/s, 
entonnement amont à 
une cote 338

0.0126 166.9000 49.1838 216'121'503 34'494'130 45'000'000 7 800'000 50 2'375'000 14.5 7.

PH3

Galerie hydraulique de 
débit 1'200 (3 x 400) 
m3/s, entonnement 
amont à une cote 338

0.0126 166.8774 49.1322 216'047'281 34'568'352 77'500'000 9 1'200'000 50 3'912'500 8.8 8.

C
la

ss
em

en
t

réduction du 
risque  annuel

Among the main conceivable mitigation solutions, the one intituled “casiers hydrauliques” is 
undoubtedly the most cost effective at short term
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What are the best tools for assessing risk, their technological frame, 
and degree of complexity?

Accurate algorithms and models

Accurate and up-to-date databases

Watch and monitoring networks

Communication networks

Emergency crisis preparation

Involvement and training of concerned people

Risk assessment is first of all to assume a shared responsibility for a decision 
that may have tremendous impact on society, economy and environment
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What are the middle and short-term impacts and outcomes of the assessments? 

Maps linked with clear elements to help decision process (otherwise useless)

A good shared perception of the potential event 

An accurate and explicit description and evaluation of main measures and 
their cost and efficiency

Alert in case of imminent danger
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How does one prove that risk is assessed objectively?

This would be possible if evaluation methods could be normalized and 
audited. It is still not the case today because of a strong variability of expertise 
and a bad use of available resources.

This will also depend on the type of hazard. For these concerning large areas 
and repetitive phenomena (earthquake, avalanches, floods, hurricanes, 
bushfires), it will be easier to prove the relevancy of the evaluation. It is more 
difficult for landslides.

This will be also easier for a large scale (engineering) project rather than a 
local or regional one

We could also think that risk is well evaluated if a consensus is established 
between all actors

Objectivity can also be looked for in global economical approaches which 
allows a comparison and a hierarchisation of losses estimations
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Are the outcomes comprehensible to decision-makers and other stakeholders? 

Yes as long as you give decision holders comprehensive elements not only for 
themselves, but also to justify and explain their decisions to theirs voters.

The three main points :

Technical argumentation (Désirade)

Communication about the potential phenomenon (3D virtual models and 
images)

Evaluation of economic, human and environmental losses (Séchilienne)
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Is it cost-effective? 

We can evaluate the potential loss, but it is more difficult to associate an 
efficient probability of occurrence. 

We can question about the true cost of an excess of prudence for our 
society.

What to think about complete freezing of large areas prone to landslides or 
inundations hazards when nobody is able to clearly justify and explicit this 
hazard and when the main preoccupation of decision maker is to be 
covered ?
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Thank you for your attention and keep confident for a safe future :

if you don’t accept risk,  it is worth to live

(but it is only a personal opinion)


