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1. Introduction  
Flash floods can produce intense soil erosion and sediment transport, which can result in permanent soil loss from a 

region, depending on major flash floods elements like rainfall intensity and watershed characteristics. Estimates of 

event-based soil loss are essential for comprehending the temporal variation of erosion. For regions that frequently 

undergo extreme events, event-based soil loss modeling is crucial since these might result in large-scale sediment 

transport and mass wasting. 

It is crucial to assess a geographically distributed risk of erosion to prevent the degradation of the land and ensure 

sustainable management of soil resources. Erosion risk assessment is also of utmost importance for biodiversity.  

This work would aim to estimate soil erosion from the different methods of USLE for single events and compare 

them to the output of the soil erosion module of a rainfall-runoff model dedicated to flash floods. This soil erosion 

estimation is the primary step to output erosion risk map at the catchment scale to evaluate the influence of this 

erosion on biodiversity and habitat type and conservation practice. 

1. Material and methods 
The study site is the Claduegne catchment (42.3 km2) located in the south of France. The elevation of this catchment 

varies from 230 m to 820 m. The northern area has basaltic geology while clay and limestone are in the southern 

area. This catchment has both oceanic and Mediterranean climate influences with heavy rainfall and flash floods in 

autumn. Three major land use types are pastures, vineyards, and forests [1]. Data used in this study are taken from 

Nord [2] and Uber [1]. 

The MARINE is a rainfall-runoff distributed hydrological model dedicated to flash floods and including suspended 

sediment transport. It simulates the key physical process in flash floods including infiltration, overland flow, and 

lateral flow. The computation of the suspended load is based on the depth-averaged scalar transport equation 

including source terms to account for the production and deposition of suspended sediment and raindrop [3]. The 

eroded volumes simulated with the MARINE model will be compared with the ones estimated using USLE [4] and 

MUSLE [5].  

The MARINE model is calibrated with the measurement of solid concentration recorded during a flash flood at the 

watershed outlet [3]. The MUSLE model used the runoff calculation from MARINE whereas the USLE is only based on 

precipitation. 

2. Primary results and discussion 
MARINE erosion estimation is considered as the reference to evaluate the application of USLE formulations. Both 

MUSLE and USLE simulated higher erosion than MARINE (Fig. 1) on the hillslopes. The range of estimated eroded 

volumes is wider in MUSLE than in USLE because erosion estimation in MUSLE is based on peak discharge and these 

values are high in the drainage network. As the concentration of suspended sediment simulated by MARINE at the 

basin outlet is corroborated by the observed concentration values, it can be deduced that the transport yield is 

overestimated on hillslopes by MUSLE and USLE models. The erosion parameters (erodibility, runoff factor) can be 

adjusted thanks to a comparison with the MARINE results. 
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This wide range of estimated eroded volumes with higher values in the drainage network is the same for all events in 

the Claduegne catchment. Figure 2 illustrates the erosion-deposition [tons] during one of the extreme events for 

these three methods. It shows that the highest rates of erosion and deposition are located in the drainage network 

for MARINE and MUSLE. USLE erosion estimation is based on rainfall intensity and for this event, the northern part of 

the catchment experiences high rainfall rates. The MARINE model is then an additional means to determine the 

location of large morphodynamic evolution in the drainage network whereas the MUSLE model is not able to do it. In 

direct relationship with the rainfall-runoff dynamics, such a model will allow access to the spatial variability of 

erosion and deposition phenomena on the hillslopes and in the drainage network and thus to the areas at risk of 

degradation. 

  
Figure 1: Boxplot of erosion estimation (t/ha) for three different approaches in log scale(a)  for the extreme event (2014/11/04), (b) 2014/09/19 

 
Figure 2: Erosion estimation for the extreme event (2014/11/04) in tons (a) MUSLE,  (b) USLE, (c) MARINE erosion-deposition map. Negative 

values correspond to deposition. 
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