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 Within the DAMOCLES Project, two reports have been produced on debris 
flow relationships. One has been made by Crosta et al. (2001) using information from 
the Italian Alps. The other is the result of field and statistical work using information 
from the Central Spanish Pyrenees (Lorente et al., 2001). Neverthelss, their contents 
are extremely different due to differences in the study area, types of debris flows and 
statistical approaches. In spite of that, this report will try to compare the main 
characteristics and relationships in two mountain environments, very much affected 
by the occurrence of debris flows. 
 
 Both in the Italian and Spanish mountains, debris flows are one of the most 
powerful mechanisms for transporting material downslope, as it has been reported by, 
for instance, Deganutti et al. (2000), Calcaterra et al. (2000), Baroni et al. (2000) and 
Guzzetti et al. (1999) in the Italian Alps, and by García-Ruiz & Puigdefábregas 
(1982), García-Ruiz et al. (1988) and Martínez-Castroviejo & García-Ruiz (1990). 
This is especially true in the Alps and in the Pyrenees, due above all to the steep 
slopes, the high production of debris accumulated in the hillslopes as colluvium or in 
the channels, the characteristics of some lithological outcrops and, finally, to the 
relatively frequent occurrence of high intensity rainstorms. 
 
 Debris flows are a well known geomorphic process all over the World, as can 
be seen in the map presented by Innes (1983). In fact, many authors consider that 
debris flows are the most active geomorphic hazard in mountain areas, affecting 
human settlements, infrastructures and touristic resorts (Takahashi et al., 1981). Many 
papers even report the loss of lives, both in developed and in developing countries. 
This is the reason why many studies have been devoted to identify the factors that 
trigger debris flows and to understand the relationships between these factors. There 
is a general agreement in the definition of two essential parameters in order to 
establish debris flow hazards: first of all, the volume of material carried out by debris 
flows, and, secondly, the distance travelled by debris flows (especially the runout 
distance). As it was pointed out in other report within the DAMOCLES Project 
(Lorente et al., 2001), this information is especially relevant for debris flow 
modelling and to predict which areas will most probably be affected in the future. 
Blijenberg (1998) also stresses the crucial importance of displacement, runout and 
volume. 
 
 The comparison of the Italian and Spanish reports on debris flow relationships 
reveals the existence of few points in common. It is important to take into account 



that the studied Alpine and Pyrenean debris flows are quite different. The differences 
can be summarized in 
 i) The characteristics of the materials involved, 
 ii) The topographic, climatic and land use characteristics of the study areas, 
 iii) The types of debris flows studied, 
 iv) The type of analysis of the information recorded 
 
 The materials involved are quite different in the Alps and in the Pyrenees. The 
study area in the Alps corresponds to the eastern side of the Lario Lake (Lombardy 
Region, Northern Italy), composed above all by massive limestones, covered and 
mantled in the gentler sloping areas with thick glacial deposits. Occasionally, there 
are outcrops of conglomerates and quartzites. In the case of the Central Pyrenees the 
study area corresponds especially to the Flysch Sector, with thin layers of alternating 
sandstones and marls. Debris flows are also possible in other lithologies (calcareous 
screes), but their density is much higher in the Flysch, where most of analysis have 
been made. The main difference with the Alps consists in the presence of a higher 
proportion of fine material within the debris in the Flysch Sector. 
 
 The rest of environmental characteristics are also different. For instance, (i) 
slopes are steeper in the Alpine study area than in the Pyrenean Flysch; (ii) the range 
of altitudes is much higher in the Alps, where the study area ranges between 200 and 
1830 m; (iii) mean annual precipitation is much higher in the lower part of the Alpine 
study area (1450 vs 800 mm), while is higher in the upper part of the Pyrenean study 
area (2000 vs 1650 mm). (iv) Land uses are also quite different: The Lario Lake area 
in the Alps is mainly covered by dense forests, with discontinuous meadows and 
terraced fields. In the Flysch Sector the sunny aspect is occupied by old abandoned 
fields subject to a process of plant recolonisation with dense shrubs, and the shady 
aspect is occupied by forests. Most of debris flows occur in the sunny aspect. 
 
 The debris flows studied in both areas represent two patterns of massive 
displacement of debris. Those studied in the Alps correspond to valley-confined 
debris flows, that originate in scars at the head of a torrent and circulate along the 
torrent channel as different surges. They very much depend on the availability of 
debris in the channel, so they are not easily related to the rainfall features 
(Zimmermann et al., 1997). Thus, in the Alps they occur mainly in summer (between 
June and September; in autumn they do not occur surely because of the unavailability 
of sediment after the summer debris flows (Deganutti et al., 2000; see also 
Zimmermann et a., 1997). In general, they  arrive to an alluvial fan or a debris fan, 



where they develop the runout distance. According to Hungr et al. (1984) one of the 
problems detected in debris flow relationships is that many predictions of the debris 
flow magnitude (or volume) are based on the runoff volume or peak discharge. 
However, it would be more logical to base the prediction on the availability of debris. 
 
 In the Pyrenees, the Flysch Sector is affected by both valley-confined and 
unconfined debris flows. The study has been focused on unconfined debris flows, 
though examples of valley confined debris flows were studied previously to the 
approval of the DAMOCLES Project (Martínez-Castroviejo & García-Ruiz, 1990), 
due to their large influence on the dynamics of braided rivers. Unconfined debris 
flows start as shallow landslides and occur in previously non incised hillslopes, 
triggered in slopes with abundant non-consolidated sediments, steep gradients and 
scarce plant cover (Brunsden, 1979). Scars develop at the rupture area, producing a 
shallow landslide that immediately evolves into a debris flow (Bathurst et al., 1997). 
Lateral levees (accompanying or not an incised channel developed during the 
scouring of the debris) occur in the middle and lower part, that ends in a frontal lobe 
with imbricated, non-sorted clasts (Varnes, 1978; Johnson & Rodine, 1984). 
 
 Obviously, volume, velocity and behaviour of the debris mass are so different 
that one could expect that the main relationships obtained in valley-confined and 
unconfined debris flows would be almost impossible to compare. Furthermore, there 
is another problem: the parameters that can be measured in both types of debris flows 
are very different and so the available information (in the form of tables) can not 
produce, sauf exceptions, comparable equations. For example, in valley-confined 
debris flows the source of sediment (i.e., the scar) is more disperse than in unconfined 
debris flows, since in the former ones sediment can arrive to the channel from small 
instable areas in the talus itself or from a series of scars located at different altitudes 
in a torrential basin. On the contrary, in the case of unconfined debris flows the 
source area of sediment is clearly localised, in general, in a unique scar. 
 
  Nevertheless, there are some points of accordance:  
 
 - The volume of the debris flow is a relatively important characteristic in 
determining the length and runout of the debris flow, especially in the Alps. 
 
 - The size (or volume) of any future debris flow is extremely difficult to 
assess, and then a very high uncertainty is always present in any predictive study. In 
fact, Rickenmann (1999) points out that debris flows are a too much complex 



geomorphologic (and hydrological) process, and for this reason numerical simulation 
is still very difficult to use for practical applications. 
 
 - Different environmental features are favouring both in the Alps and in the 
Pyrenees, as everywhere in the World. This is the case for the gradient and the 
volume and intensity of rainfall. On the opposite, there are no coincidence in the role 
of the forest cover. For example, in the Pyrenees almost no debris flows occur under 
forest cover (and many in shrub and old, already abandoned farmed areas, wheras in 
the Alps they occur frequently in forest areas. 
 
 - Both reports agree in the importance of modelization to predict the spatial 
hazard of debris flows. One simple possibility to model parameterisation is to 
establish relationships between the most important and significant debris flow 
parameters, in order to determine the beginning of sedimentation, the runout distance 
and the volume. 
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Figure 1. Plot of the total length of debris flow vs. the available potential energy 
(represented by the M H factor). The adjusted power function is also represented, 

along with the Rickenmann (1999) relationship. 
 
 In general, there are many difficulties to compare valley-confined and 
unconfined debris flows. Fig. 1, for example, plots the total length of debris flows vs. 
potential energy (M H factor) including the results from the Spanish Pyrenees and the 
Rickenmann's (1999) relationship. The differences are obvious because the adjusted 
power function from Rickenmann is clearly over that from the Pyrenean debris flows. 
That means that, according to the Rickenmann's equation, with the same volume of 
debris the valley-confined debris flows undergo a larger displacement than 
unconfined, Pyrenean debris flows. This is probably a logical or expectable result, 
since the displacement of a debris flow (and its runout) is highly sensible to the water 
content (Chau et al., 2000), and it is obvious that, in general, the valley-confined 
debris flows are likely to have higher water discharges than the hillslope debris flows. 
 



 The Rickenmann's relationship between the debris flow length and the 
available potential energy is 
 
L = 30 (M H)1/4 
 
where L is the total length of the debris flow (m), M is the debris flow mass and H is 
the difference in height between the highest point of the debris flow (the scar) and the 
lowest end at the debris fan (m). 
 
 For the Pyrenean debris flows this relationship is expressed by 
 
L = 7.13 (M H)0.271 
 
 Nevertheless, when the debris flow deposit length (runout distance) is plotted 
vs the total volume, no especial differences can be found between the Alpine (Crosta, 
2001) and the Pyrenean debris flows (Lorente et al., 2001). 
 
 Fig. 2 shows that the Rickenmann's (1999) adjusted theoretical function is 
again over the empirical functions, and that the Alpine and Pyrenean debris flows are 
relatively close one to the other. 
 
The Rickenmann's function is expressed as 
 
Lf = 15 V1/3 
 
where Lf is the runout distance (m) and V is the debris flow volume (m3). 

Nevertheless, Rickenmann (1999) do not recommend the use of this equation for 
practical applications, given the great differences between the predicted and observed 
values. 
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Figure 2. Plot of the debris flow deposit length vs. the total volume, along with the 

adjusted power function and the relationships by Rickenmann (1999) and Crosta et al. 
(2002). 

 
 In the case of the Alps (Crosta et al., 2001) all the measured debris flows plot 
below the relationship proposed by Rickenmann and are fitted by the equation: 
 
Lf = 7 V0.275 

 And for the Pyrenean debris flows the adjusted power curve has the form: 
 
Lf = 4.98 V0.294 
 
 This expression is relatively similar to that of Crosta et al. (2001), also shown 
in Fig. 2. It is interesting, however, to note that the Pyrenean debris flows produce an 
adjusted power function located slightly below than that from the Alpine debris flows, 
confirming that confined debris flows are able to travel further than unconfined debris 
flows. 



 
 Other parameters are very difficult to compare, given the characteristics of 
each type of debris flows. This is the case for the relationships trying to explain the 
gradient at which deposition starts (around 17º in the debris flows developed in the 
Pyrenean Flysch Sector; 10º according to Hungr et al., 1984), or those that try to 
predict the runout distance. Probably, most of the debris flow parameters are more 
likely to be measured in unconfined debris flows. On the other hand, in valley-
confined debris flows most of the relationships have been established between 
characteristics of the whole catchment (i.e., area, plant cover, lithology) and debris 
flow parameters, what increases uncertainty, due to the heterogeneity of many 
mountain catchments, even if they are of small size. According to Rickenmann 
(1999), The evaluation of, for instance, the debris flow volume using the 
morphometric features of a catchment as predicting factors is very limited since the 
equations tend to overestimate the debris flow volume, even by a factor of 100. 
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