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CONCLUSIONS
It is difficult to classify the processes that trigger coastal chalk cliff collapses. Indeed, numerous combinations of factors, and the phenomena of process shifts, or even hysteresis 
effects, draw a more complex link between triggering agents and coastal cliff falls. However, we have identified periods of high probability of triggering due to main conti-
nental factors. This index will prove to be a useful tool in warning and protecting the human population.

Fig. 13: A collapse probably due to runoffFig. 12: Every 10 days from 2002 to 2009, the climate index was calculated in a wet context, 
and the number of collapses was observed.
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THE INDEX CREATION

1) Identification of dry, wet, and transition periods by calculating the water balance over a 10-day period

2) Evaluation of the intensity of dry and wet periods by discretizing each period

3) Characterization and addition of duration factor using a multiplier

4) Possible addition of frost value, taking into account the duration and intensity of the phenomenon

Fig. 11: The index creation

RESULTS

To determine triggering factors, we applied a principal component analysis (PCA) over a 10-day period. Though the role of rainfall, tidal range, and wind seem to be prepon-
derant, the factor analysis points to the high complexity of the process of collapse triggering (figure 10).

Based on the PCA, excess of water and frost/thaw cycles prove to be the main continental factors triggering coas-
tal cliff collapses. A climate index [3] summing up these two main continental factors (figures 11 and 12) has 
been created.

The index in a wet context (figure 12) is a good indicator 
of coastal collapses. Higher index coefficients correspond 
with greater numbers of collapses. Some of these seem to 
be linked to runoff (figure 13).

This index allows us to identify 10-day periods that are 
conducive to coastal collapse in order to improve risk pre-

Fig. 10: Statistical analyses and results

Statistical Analysis of Collapses

Discretizing our Statistical Population into 4 Classes: 
0-200 m

200-1,400 m
1,400-10,000 m

more than 10,000 m

Identification of Triggering Factors 

Principal Component Analysis (PCA)

Identification of Collapsed Volumes Distribution
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Fitting observed frequency of collapse volume (1,400-10,000 m ) to the power law 
and fitting observed frequency of collapse volume (200-1,400 m ) to the Gumbel law
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The statistical distribution of collapsed volumes was analysed. No scaling 
power law relationship, or any other laws tested, fit our data taken as a whole. 
By discretizing our statistical population into 4 classes of collapsed volumes, 
we obtained two good statistical fits. The 1,400-10,000 m3 class fits the power 
law. There is a scaling power law relationship between event volumes of 
1,400-10,000 m3 and chalk production. This relationship implies that erosion 
is not dominated by any characteristic event [4]. The class of collapsed volu-
mes 200-1,400 m3 fits the Gumbel law.
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Collecting Data (ESTRAN)

Enriching these Data (Volume, Spatial Organisation of Collapse, Processes such as Rainfall) 

Statistical Analysis of Collapses

Creation of the Database ESTRAN

Fig. 9: Methodological framework
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Fig. 7: Cliff collapses from Sainte-Marguerite-sur-Mer to Dieppe observed since 2002
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METHODOLOGY

This study is carried out in collaboration with the non-profit corporation, ESTRAN. Thanks to this partnership, we have a remarkable and unique database describing 332 cliff 
falls. Some parts of coastline are highly sensitive to retreat (figure 7). Observed coastal cliff collapses mainly occurred during winter (figure 8).

The analysis deals with the statistical definition of the relationships between processes and the collapse (figure 9).

Fig. 6: Human interventions and their
 effects on the longshore drift [2]
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OBJECTIVES

The primary aim of this study is to determine the triggering factors of coastal cliff retreat.
We seek to contribute to scientific discussion about the predominance of marine processes and/or sub-aerial weathering processes in the trig-
ger of cliff collapses. Human actions must be taken into account because they modify longshore drift (figure 6) and can increase swell action 
at the cliff foot with the implementation of artificial structures.

Fig. 5: A collapse in Saint-Martin-
aux-Buneaux 

(Gendarmerie Nationale)

Fig. 4: A collapse in Dieppe 
observed (ESTRAN)
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Fig. 3: Lithology and retreat rate in Upper Normandy coastline [2]
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Fig. 2: Geology in Upper Normandy 
coastline [1]
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Fig. 1: Location of the Upper Normandy
 coastline

The English Channel

The coastline of Upper Normandy (France) is made up of a 130 km long chalk 
cliff in the central and the oriental parts of the English Channel shoreline 
(figure 1). Spatial variability of cliff recession occurs due to layer variations in 
local lithology (figures 2 and 3) or the influence of natural and man-made obs-
tacles to the longshore drift. Such cliff retreat is locally different and its rate can 
reach up to one meter per year.

Due to collapses (figures 4 and 5) threatening settlements close to the coast-
line, better understanding of this rocky coast erosion is greatly needed.
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