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PRELIMINARY ESTIMATION OF AUBETA DEBRIS FLOW DEPOSI-
TION AND EROSION VOLUMESUSING
LIDAR DATA.

J. Pinyol, M. Gonzalez, M. Moysset

Cartographic and Geological Survey of Catalonia@@@}, Parc de Montjuic s/n, 08038 Barcelona

During the 17th and 18th June 2013 catastrophifathievent, a significant debris flow oc-
curred in a torrent of the Pyrenees. Ortophotosdigilal terrain models made periodically
by the Cartographic and Geological Survey of CaialdICGC) together work field have
been used to map the debris flow area and calctilateediment budget. The analysis of the
mass balance showed that approximately 104.00&as mobilized in the debris flow area,
of which 71.000 msettled there. This implies that 33.008 ofi sediments were incorporated
into the river Valarties.
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INTRODUCTION

In Catalonia, torrential flows are a frequent pssenainly presents in two areas: the Pyre-
nees and the Pyrenean foothills, and the coastrengre-coastal area of Catalonia. In the
past, many significant rainfall episodes with catgshic consequences have been invento-
ried. During the 20th century the most importanie do their catastrophic effect, occurred in
1907, 1937 and 1982, causing floods, depositiosediments and damages in the infrastruc-
tures (Balasch et al., 2008). More recently, atlibginning of this century, intense rainfalls

have also caused significant damage. Of note a&repisodes of August 2008 in the Runer
river located on the Andorra-Catalonia border (khii@nn et al., 2011), and the recent intense
torrential activity presented between 2006 and 261ort-Ainé torrent (Pinyol et. al., 2017).

In 2013, during the 17th and 18th of June thereeveesignificant rainfall in the Central Pyre-
nees, which caused an exceptional flood of the @@@nd Noguera Pallaresa river (Oller et
al., 2013). These events produced significantatitans to the river area, as well as important
damage in different infrastructures. The matenakes insured were estimated at 19,60 mil-
lion euros according to the Insurance Compensdationsortium (2013). The causes of the
flood of the Garonne were due to the coincidencevofexceptional events, a severe rainfall
(124,7 mm, 101,2 mm of which corresponds to Jujeahl important meltwater, due to an
exceptional snow thickness. On 17th of June the 8bthe Garonne river was also very high
due to snow melting (125 #s) and suddenly the peak value increase untili@¥6, in Bos-
sost, the highest value since 1937 (Pineda 2@l.3).

One of the most important events inventoried byditaensions and its effects on the envi-
ronment and in the infrastructure has been theigléibw in Aubeta torrent. In this paper we
present a mobilized material preliminary estimatmade by space-time comparison of Digi-
tal Terrain Models (DTM) obtained from data LiDARidht Detection and Ranging).
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STUDY SITE

The Aubeta torrent (ETRS89: 42.6587 N/ 0.8585 Hdasited in the Central Pyrenees at the
north side of the Aiguestortes and Estany de Sanrldi National Park (Val d’Aran County,
Spain). The Aubeta basin covers a total drainage af 2,08 krhand its altitude ranges from
1375 m to 2502,5 m. a.s.l. (Pujalbo peak). Therbdstins towards the East and ends in the
Valarties River. The Melton ratio is 0,50 and theli€¥ ratio 1,05. The analysis of the mor-
phometric parameters of the catchment indicatasiieaAubeta basin is susceptible of gener-
ating hyperconcentrated flows (Wilford et al. 200Bjom a geological point of view, the
Aubeta stream is located in the Pyrenean Axial Zand is part of a Hercynian WNW-ESE
oriented trust fault structure. The bedrock is fedmby Paleozoic materials, Cambro-
Ordovician sandstone, Siluric metapelite and blslcales and Devonian and Corboniferous
limestones. The bedrock is in a great part covbyeQuaternary glacial deposits.

DATA SET

Analyses were performed on aerial images and aibbiDAR datasets obtained before and
after the debris flow event. For the geomorpholalgaartography 3 sets of aerial images (or-
tophotos) have been used: 2011, 2013 (a monththftezvent) and 2015. For the quantitative
analyses, the work method consists in the space-tiamparison of DTMs obtained from
data LIiDAR, acquired in 2011 and 2016.

Data collection was carried out with the CARAVANa@aft, owned by the ICGC, and the
topographical LIDAR sensor Leica ALS50-Il. The aage density obtained per block is
1,928 pt/nf for 2011 and 1,577 ptfnfor 2016. For the orientation, the 3D coordinaithe
laser points were obtained from the calculatiotheftrajectory of the airplane in the ETRS89
reference system and with point cloud adjustmetdined the dz, roll, pitch and heading cor-
rections. The altimetry requires control points mwead directly in the field with GPS. After
the adjustment, an automatic points ground clasdifin was obtained and after that it was
reviewed by an expert operator. The altitudes eferred to geoid EGM08D595. For the fil-
tering, the TerraScan module of TerraSolid softwee been used. The altimetric accuracy is
estimated between 15 and 50 cm depending on the.slo

For the comparative analysis between the data di 20hd 2016, two DTM of both years
were obtained from the points classified as terrairese were obtained by the linear triangu-
lation interpolation method, establishing a ceflesof 2 x 2m. Through the subtraction be-
tween the two MDTs a difference model has been malieh allows the detection of prefer-
ential erosion and accumulation zones. The caloula@if volumes of eroded and accumulated
material was done with the "Cut Fill" tools of Art%; which consists of a cut and fill opera-
tion and calculation of the difference in surfadevation of the MDT for each cell. With
these results we obtained the sediment balanceebatthe total volume of material loss (ero-
sion) and increase of material (accumulation).

GEOMORPHOLOGICAL CARTOGRAPHY

Mapping of debris flow (see Fig. 1) was carried from the helicopter inspection on™®0
June 2013, from the ortophotos taken by ICGC, esjiethe july 2013 ortophoto, and from
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the 2016 field observations. From the erosive pomview, the debris flow started in the
channel itself, at the 2080 m. a.s.l. Neverthelassignificant lateral scar of 5.250°was
identified at 1907 m. a.s.l., which undoubtedlyarporated a great amount of sediments to
flow. The debris flow traveled 1.960 meters to Waarties river, eroding importantly the bed
and lateral margins, but also depositing in elevateeas, waters behind the dike of the 1539
m. a.s.l. and above all, in the cone of dejectitnom all these observations, the cartography
of the area affected by the debris flow was caroetd This area was used as an area of analy-
sis for the comparison of MDTSs.

Fig. 1 Ortphotos before and fter the rifIth, 2011 orophoto shows he parking in thgzcliion
cone. At bottom, 2013 ortophoto with delimited dslfiow area (in red).

VOLUME CALCULATION RESULTS

By comparing the MDTs, accumulations of up to 8@tens and erosions of up to 14,7 meters
have been observed (see Fig 2). The maximum aceationd have occurred in the dejection
cone, in the area that was lowered for use as m@rkihe maximum erosions have occurred
in the lateral scar. The total debris flow massibeé calculation showed that 104.000was
mobilized in the debris flow area, of which 71.000 settled there. This implies that 33.000
m® of sediments were incorporated into the river ¥t&a. It is worth noting that the MDT of
2016 includes several anthropic modifications miade dejection cone due to tourist inter-
est. However, it has been considered that the sadimas not transported outside the study
area.

CONCLUSIONS

This paper presented a methodology for analyseelwofis flow using space-time comparison
of Digital Terrain Models (DTM) obtained from ddt#€DAR (Light Detection and Ranging),
acquired in 2011 and 2016. The following summarthesconclusions:

The Aubeta catchment basin is characterized byadl®ving morphometric parameters: its
area are 2,08 kinthe Melton ratio is 0,50 and the Relief ratioSL,Uhe analysis of these pa-
rameters indicates that the Aubeta basin is subtetf generating hyperconcentrated flows.
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The maximum accumulations have occurred in thectieje cone, in the area that was low-
ered for use as parking. The maximum erosions lacarred in the lateral scar. The total
debris flow mass balance calculation showed thdtQOD ni was mobilised in the debris
flow area, of which 71.000 frsettled there. This implies that 33.008 of sediments were

incorporated into the river Valarties.

The methods proposed are recommended for quicklyaanurately estimation of the mobi-
lized material. Nevertheless, we would like recomthéhe importance of carrying out the
LIiDAR flight immediately after of the occurrence tife event, before that anthropic action
modified the mobilized material.
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Fig. 2 Results f the differne model betweertteMDTs (2011-20186).
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