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1. GENERAL CONTEXT  

 
The example described in this guide concerns the Risk Basin Study (EBR) commissioned by the 

Ministry of Agriculture and Food (MAA) from the Mountain Terrain Rehabilitation (RTM) 

department in the Pyrénées-Orientales. Drafting an EBR involv es collecting as much exhaustive 

information as possible in order to address all aspects of the catchment area. Following exploitation 

of the data, the document reviews current knowledge of the protection and hazard management 

systems in order to set out a programme of action drawing upon baseline and hazard limitation 

scenarios addressing the threats identified. 

The Baillmarsane catchment area (15 km²) is located in the municipalities of Escaro and 

Serdinya (Figure 1) on the northern flank of the Très Estelles massif (2,099 m). It flows into 

 

 

 

Figure 1: Map showing the geographical location of the Baillmarsane. catchment area 
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the Têt (540 m). Although it accounts for just 1% of the Têt catchment area, the importance of the 

Baillmarsane is far greater in terms of gravity -related phenomena, the deposition of materials and 

torrentiality.  

Since the end of the 19th century and the acquisition of land by the State, a number of strategies 

have been implemented to reduce the frequency and intensity of a wide range of phenomena 

(overflowing watercourses , erosion and gullying, landslides). The objectives are multiple: to slow 

down torrential dynamics and the longitudinal incision rate, to drain off surface water, and to 

prevent erosion of the slopes. The Baillmarsane catchment area is unusual in that only the tributaries 

of Baillmarsane are included in the per imeter of the Conflent national forest. The hydrographic 

network comprises several major and secondary gullies that cut deeply into the slopes and regularly 

cause significant events. These gullies are where the so-called RTM structures are found (Figure 2). 

 

 

 

Figure 2: Map of the hydrographic network of the Baillmarsane catchment area showing the location 

of RTM. structures 

 
 

By using and comparing LIDAR data as part of the EBR, we can quantify erosion phenomena. 

Putting this quantitative information into perspective is particularly useful following an extreme 

rainfall event. As a result of climate change, this type of event is becoming more frequent and causing 

increasing levels of damage. The purpose of this guide is to provide key inform ation for using LIDAR 

data in a post-event situation on terrain that is vulnerable to erosion. 
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2. Purpose of this guide  

 
Climate change is leading to more frequent and more extreme rainfall events, with increasingly 

severe consequences, particularly in relation to the phenomena discussed here. In mountain areas, it 

is particularly important to consider physical environmental factors (geological formations, 

orientation , slopes, land use, type of vegetation, etc.), which play a key role. Implemented alongside 

field surveys, LIDAR campaigns provide an overall view of these factors on different scales. These 

data enable more detailed appraisals, to understand or mitigate phenomena, or to suggest protective 

measures. 
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Figure 3: (left) Map of natural and anthropogenic phenomena in the Baillmarsane catchment area; (right) View 

of the land in the upper part of the Baux sub -catchment area at the end of the nineteenth century. 

 
 

The example of the Baillmarsane catchment area provides a practical framework for the theory 

developed above. The EBR focuses on the lower part of the Baillmarsane, which is primarily made 

up of Miocene conglomeratic terrain (an alternation of coarse, unsorted quartzo -feldspathic sands 

with metric blocks primarily made up of gneiss). Despite a uniform geology (Figure 5 A), each gully 

is unique. This is the result of several factors such as the stratification of this conglomeratic formation: 

the dip and induration of the strata  play important roles at local level in the occurrence of land 

movements and erosion (Figure 3). 

The orientation  of the land (Figure 5 B) has an impact on the physiognomy of the soil and banks 

as well as on the dynamics of vegetation cover. Differences can thus be observed between the slopes 

that are south-facing (dry and stony soil with sparse shrubby vegetation) and those that are north -

facing (wetter soil with more intense vegetation dynamics). Furthermore, this terrain is located in the 

flattest part of the catchment area with a gradient generally lower than 30° (Figure 5 C).However, 

owing to the lower level of rock competence, torrential incisions in this geological formation are 

creating gullies whose steeply sloping banks can reach gradients of over 45°, sometimes even rising 

vertically over several dozen metres. The erosive power of the water is considerable, creating typical 

badlands. 
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Figure 4: Geomorphological map of the Baux sub-catchment area (extract from EBR, 2022) 

 

 

Today, the forest covers almost 70% of the catchment surface area, compared to just a few 

percent at the end of the 19th century (Figures 3 and 5 D). Since the successful planting trials 

organised from 1889 onwards, the objective has been to maintain plant cover in order to protect this 

erosion-sensitive soil. Despite a high level of afforestation and, until recently, a low frequency of 

extreme events, the gullies react systematically and at speed in the event of high torrentiality. Finally, 

by conducting a geomorphological analysis of the terrain (Figure 4), we are able to characterise the 

various sub-catchment areas, as well as to analyse the interlinking  of the various phenomena and 

how they translate on the ground (erosion, inc ision, accretion, etc.). 

Extreme weather events are impacting soil protection and the production of solid materials. 

These questions were raised in the wake of Storm Gloria  in the Mediterranean. A rain and snow 

storm took place between 20 and 23 January 2020, when storm Gloria  hit the western Mediterranean 

basin, moving into southern France. This storm had a severe impact on the coastline (coastal flooding 

with waves of between 5 and 8 m), the plains (a significant accumulation of rainfall), and the foothil ls 

and mountain areas (impacted by both liquid and solid accumulations). The equivalent of 4 to 5 

months of rainfall fell in just 72 hours. These high levels of accumulation led to exceptional floods 

across the department (Figure 6). 
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Figure 5: Maps of geological formations (A), orientation  of the slopes (B and C), and vegetation (D) in 

the Baillmarsane. catchment area 

A B 

C D 
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Figure 6: Météo France maps showing the storm on 21/01/2020 and the cumulative water level over 72 hrs 

(20/01/2020 14h to 23/01/2020 10h). 

 
 

 

Figure 7: Views of the gully from the RD27 looking towards Escaro and a structure in the Baux 

ravine after storm Gloria .  
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Rain events of this type are fairly uncommon on the Mediterranean rim in winter. This one was 

unusual for the alternation of rain and snow, caused by altitudinal fluctuation of the 0°C isotherm. 

This alternation considerably modified the surface runoff regime, leading to significant infiltration 

rates, increasing soil instability. A considerable number of land m ovement and erosion phenomena 

were listed (Figure 7). In addition, the DREAL report of 12 February 2020 said that the Têt 

experienced a ten-yearly flooding episode that was more significant than usual, over its entire course, 

from Mont -Louis to Perpignan, as well as on its tributaries. 

In view of the intrinsic characteristics of this terrain , which is vulnerable to erosion phenomena 

following a major event such as Storm Gloria , the Mountain Terrain Rehabilitation department began 

a study to quantify erosion  phenomena and the impact of an event of this magnitude by comparing 

pre- and post-event LIDAR data for the Baillmarsane catchment area. 
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3. Proposals for LIDAR data 
processing 

 
Using LIDAR data enables the quantitative estimate and spatial analysis of erosion phenomena. 

Following a series of data processing steps, it is possible to identify zones of erosion and accretion as 

well as a range of volumes allowing us to establish direct links between these zones. The purpose of 

this guide is to provide examples of the data processing steps carried out as part of the Baillmarsane 

EBR, for transposition to similar surveys.  

As part of the EBR, two LIDAR campaigns were carried out by the same service provider: one 

in 2018 in preparation for the study and the other in 2021 following the Mediterranean event. The 

main characteristics of the two campaigns (2018 and 2021 A) are shown below (Figure 8), alongside 

a final campaign (2021 B). This last operation was a repeat of the 2021 survey, organised on the 

request of the RTM department, in view of a significantly lower level of quality compared with the 

2018 survey. The 2021 campaigns involved a homogeneous global survey over the entire area, and a 

high -definition survey focusing exclusively on the most problematic sub -catchment areas with an 

observable response to key issues during Storm Gloria .  
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Figure 8: Table of the main characteristics of the various LIDAR surveys described in mission 

reports. 

 
 

The difference in quality between the 2021 A and 2018 campaigns was raised with the service 

provider, based on several screenshots of areas in which the point density appeared to be insufficient 

(Figure 9). The more recent data received and approved showed a level of quality that was more in 

line with expectations, enabling post -processing operations by the RTM. department. 

In order for this data processing to be carried out, pre-processing must be carried out by the 

service provider. This requirement must be clearly indicated in the order specifications. The first 

processing step involves classifying the points based on the type of object reflecting the laser pulse. 

This classification is standardized by the ASPRS1. It takes the form of a code between 0 and 18 written 

in files with the format .las. The specification must list the codes and their meanings. In particular, 

the point classification process makes it possible to produce DTMs that do not take account of points 

classified as vegetation, for example. 

 

 

 
 

 

1. American Society for Photogrammetry and Remote Sensing. 
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Figure 9: Examples showing areas of quality loss between flights. 

 

 

The second processing step involves making the data available with specific formats and details. 

Most deliverables enable direct visual isation of data. Deliverables include a 1 m interval DTM in .asc 

format, a 10 cm MKP DTM in .xyz format, a 500 m by 500 m tile assembly table in .shp format, an 

orthophotograph in .ecw format, raw photographs in .jpg format. Some of the other deliverables 

correspond to quasi-raw data, i.e. the classified point cloud on 500 m tiles in .las format. These last 

files make it possible to reproduce processes and generate new data with different intervals. 

When all the deliverables have been received, it becomes possible to carry out specific 

processing as input for the study. A distinction can be made between processing based on data from 

a single survey and processing that compares data from two surveys. Processing using data from a 

single LIDAR survey can have several purposes. Producing an exposure map with shading  

Les Baux Ravine - 2018 Les Planes Ravine - 2018 

Les Baux Ravine - 2021 A Les Planes Ravine - 2021 A 

Les Baux Ravine - 2021 B Les Planes Ravine - 2021 B 
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Figure 10: Examples of cross-section comparisons in the Baux Ravine 

 

 

allow s us to visualise the terrain on different scales. This perspective will be completed by a more 

detailed understanding of the topography through the production of slope maps playing with classes 

of values and associating isolines with different spacing. These items can provide a basis for mapping 

the geomorphology of the terrain studied. Finally , processing relating to the longitudinal and cross -

sectional profiles of the watercourses will be useful in both the geomorphological and hydraulic parts 

of the study. 

When two LIDAR surveys are available for the same study area, other processing steps may be 

considered, primarily to visualise and quantify changes to the terrain on several levels. In the first 

instance, visual comparisons could be made using orthophotographs and shading conducted on the 

two dates. The before and after views could be used to highlight receding areas on top of a bank or a 

scar indicating the start of a landslide. The second line of work  involves quantifying the phenomenon 

of soil erosion and the accumulation of materials. Data can be processed on different scales, from the 

catchment area to a closely targeted area of just a few m2, in order to quantify volumes of erosion and 

accretion (Figure 11). This type of processing is particularly useful in cases where the terrain is 

predisposed to erosion following extreme rainfall ev ents. Similarly and in addition, comparisons of 

longitudinal and cross -sectional profiles at various time intervals can highlight receding sections of 

the banks or even the elevation of a torrent bed at local level (Figure 10). 

This processing requires upstream pre-processing of the data, in order to make a comparison 

based on different time intervals. The comparison requires data that are "superimposable" in terms 

of location (point coordinates), scale (pixel resolution) and file format.  
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Figure 11: Comparison of LIDAR data 2018-2021 with an example of changes to structure B34 in the 

Baux Ravine. 

 

 

2013 - Complete structure (raised gabion and slab) 2021 - Channel filled in with gabions split open 



 

 

 


