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LINKING FLOOD HAZARD EVOLUTION AND CLIMATE CHANGES IS REQUIRED 

Flash flood hazard is among the most common and widespread natural hazards in mountain areas, 
causing the loss of human life and high cost damage to property and infrastructure. Results of large 
scale simulations in a warming climate forecast an intensification of the hydrological cycle. This 
would trigger especially less frequent but more intense convective events and thus more intense 
precipitations. That is why flood hazard is theoretically expected to increase in the current context of 
climate change. However, long time-series of climate and gauge data at high-elevation are too sparse 
to assess reliably the rate of recurrence of such events. In this aim historic archives are a potential 
recourse but they are by nature subjective. In particular, hazard perception by humans varied 
throughout time. Moreover, they may be fragmentary due to destruction or loss and they generally 
provide only a relatively short time span for analyses, especially in mountain areas. To overcome these 
limits, natural archives may be used as complementary records. Among the various natural archives 
lake sediments have the advantage to be continuous records in which particular events are preserved 
such as flood events. From lake sediment sequence, it is so possible to reconstruct flood calendars 
covering long-term periods. In this study, we apply this approach to five sedimentary records in the 
French Alps along a north-south transect.  

LAKE SEDIMENT SEQUENCES AS PAST FLOOD RECORDERS 

Lakes are natural traps of sediment transported by mountain rivers. During flood events, underwater 
currents are generated and thus coarser particles are carried to the deepest part of the lake, where they 
form characteristic layers. Dating these layers permits to reconstruct a flood calendar. Moreover 
measuring their thickness or their grain size allows us to assess the flood magnitude. To be initiated, 
such processes require the presence of a large stock of erodible material upward the lake. That is why 
proglacial lakes are particularly relevant sites to study past flood activity in mountain areas. 
 
The flood calendar from proglacial Blanc (2160m a.s.l., Massif de Belledonne, Sainte-Agnès) cover 
the last three centuries in the aim of assessing the effect of current global warming. Sediment dating is 
based on global or local contaminations such as the Chernobyl accident, the atmospheric nuclear tests 
and the use of lead additive in the gasoline culminating in the 70’s and the correlation between event-
triggered deposits and historic- seism or floods. In this way we are able to date a flood event deposit 
with an uncertainty of less than 3 years. (Wilhelm et al., in press). The second proglacial lake 
sequence studied, from the Lake Blanc (2350m a.s.l., Massif des Aiguilles Rouges, Argentière), covers 
the last 1500 years which includes long-lasting warm or cold periods such as the Medieval Warm 
Period (800-1300 AD) or the Little Ice Age (LIA, 1550-1850 AD). Comparison of flood frequencies 
and magnitudes during these temperature-contrasted periods informs us on the temperature-flood 
activity relationship and thus the possible future flood hazard evolution within the next warming 
decades. 
 
Whereas it is not a proglacial lake, Lake Anterne (2060 m a.s.l., Haut-Giffre, Sixt) is characterized by 
easily erodible rocks in its catchment area. It is hence also well-suited to study the evolution of flood 
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activity. However in such an environment, vegetation cover and human impact can have impacted the 
soil stability and the material availability and thus skewed the climatic interpretation of the 
reconstructed flood signal. Recently a paleoenvironmental lake study was performed and permitted to 
illustrate both climatic and human forcings on torrential flood activity over the last 2500 years 
(Giguet-Covex et al., 2012). Furthermore a previous flood calendar achieved for the historic period 
(Arnaud et al., 2002) will be also compared with proglacial historic-period ones. 
Finally to investigate Mediterranean climatic influences on flood activity in the southern part of the 
Alps, Lake Allos sediment record was studied (2230m a.s.l., Massif du Mercantour, Allos). 
Characteristics of its catchment are similar to Lake Anterne. The possible human impact, taken into 
account thanks to palynological and faecal markers analyses, revealed only few human impacts 
through the last millenium. Reconstructed flood calendars covering the last 1400 years can be thus 
compared with Anterne and Lake Blanc (Massif des Aiguilles Rouges). 

RESULTS AND PERSPECTIVES 

Lake Blanc Belledonne (Wilhelm et al., in press) and Lake Anterne (Giguet-Covex et al., 2012) 
studies suggest a strong relationship between the occurrence of extreme floods and both annual 
temperatures and North Atlantic Oscillation (NAO) index in northern Alps. Indeed high-magnitude 
flash flood events occurred during warmer periods and phases of positive NAO signal. Flood 
frequencies between both sites revealed different trends through the investigated time-scales. 
At the scale of hundred years, flood frequency increased during colder periods from Lake Anterne 
record whereas at the decennial time-scale the frequency seems positively correlated to the 
temperature from the Lake Blanc record. These different trends may be due to different thresholds of 
flood recorder; only high-intense precipitation events are recorded in Lake Blanc record whereas 
moderate-intense precipitation events are also recorded in Lake Anterne record. In the southern sites, 
results suggest both frequency and intensity of flood events increased during long-lasting cold periods, 
such as the LIA. Moreover at a pluri-decennial scale high flood frequencies seem to occur during 
negative phases of NAO, implicating an inverse trend from the northern sites. First implication for 
decision-makers is a more important vulnerability to extreme flood events in the northern French Alps 
in the warming context. In the next months flood calendars from lakes Eychauda and Blanc (Aiguilles 
Rouges) will be completed and the climate – flood activity relationship will be more constrained in 
order to assess the effect of the global warming on flood hazard. 
 
This work corresponds to a current PhD study scheduled to finish in spring 2012, jointly funded by 
local collectivities (“Assemblée des Pays de Savoie” and “Communauté de communes du 
Gresivaudan”). It is part of the research programme -Pygmalion, funded by the French National 
Research Agency (ANR) (ANR BLAN07-2_204489). 
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