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o In the last few years, it has been experienced heavy advanced in 

application of topographical techniques for quantification of processes in 

geomorphology. In: (i) geomatic (i.e. TPS, GPS-RTK, TLS), (ii) remote 

sensing (high resolution satellite images, Airborne-LiDAR, 

photogrammetry, automated digital photogrammetry, UAVs - unmanned 

flight platforms, etc.) The newest techniques offer a low cost and high 

quality-quantity topographical information (Structure from Motion-Multi 

View StereoScan, UAVs, drones, historical images). In a context of 

current global change, the advancement of these technologies plays a 

key role. 
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Fig 1. Relationship of topography techniques to the density of topographic observations necessary for a correct 

representation of different landforms associated to different spatial scales (modified by Brasington et al., 2012). We are 

using Sf-MVS from UAVs and TPS-GPS in highly dynamic coastal reach. 

Automatic Digital Photogrammetry-

UAVs 

o The application of this techniques has increased exponentially in the 

geomorphology disciplines: fluvial (Lejot et al., 2007; Hervoue et al., 

2011; Flener et al., 2013; Fonstad et al., 2013; Tamminga et al., 2015; 

Woodget et al., 2015), glacial (Whitehead et al., 2013; Immerzeel et al., 

2014), landslides (Baldi et al., 2008, Prokop et al., 2009, Niethammer et 

al., 2012; Abellán et al., 2014; Lucieer et al., 2014; Turner et al., 2015) 

and coastal (Delacourt et al., 2009; Harwin and Lucieer, 2012; 

Goncalves and Henriques, 2015). 

o A Capelada cliffs are highest continental cliffs of Europe (the maximum 

altitude is 612 m), and they are cut perpendicularly by small valleys 

open by fractures. These are flat-topped cliffs that surpass, in most of 

the sectors, the 32º of slope, arriving in some places at 88º. In addiction, 

in its upper part flattened surfaces extend that do not reach 8º in some 

places and 16º in others. Teixidelo Valley (0.15 km2) is in contact with 

the flattened surfaces in the head section, forming a strip of steep 

slopes. In the sectors closest to the coastal front the valley is wider and 

slopes smoother (Fig. 2). 

o The valley is highly dynamic. We have been measured the 

erosion/deposition balance between 2010 and 2016 (i.e. DoD 2016-

2010). Two types of processes control the geomorphology: (i) a heavy 

coastal erosion caused by high frequency marine storms, and (ii) inter-

year landslide and  solifluction processes after heavy rainfalls. The GSD 

of the sediment domine a big heterometric and chaotic classification 

(i.e.101-10-10meters) wrapped in a clay matrix similar to proglaciar 

environments.  

Fig 2. Study site: A Capelada’s cliffs ( Galiza, NW Iberian Peninsula).   
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A.1: 3D point cloud 

visualitation from 

LiDAR flight (National 

Geographic Institute, 

2010, density: 2 

points/m2), in 

Teixidelo´s valley. 

Software: Cloud 

Compare ® .  
 

A.2 DEM 

(resolution: 50cm ) 

from the part of the 

valley in movement 

generated by 

LiDAR 2010 point 

cloud in ArcGIS 

10.1 © ESRI 

software . 
 

B.1 One of the context 

pictures obtained by 

drone (e.g. @DJI 

Phantom 3 advanced) 

during the flight for 

generate a post 3D model 

using SfM-MVS 

applications. Date: 

18/08/2016. 

B.2: Point cloud (i.e. 

2000 points/m2),  

obtained by SfM-MVS 

using Agisoft PhotoScan 

Pro 1.2.6 software. 

Phases: (i) align using 

183 images (obtained by 

UAVs) and (ii) 

georeferencing from 38 

GCPs  measured using 

GPS-RTK and Total 

Station (i.e. total RMSE: 

3 cm) 

Fieldwork Cost: 3 

workers/ drone flight: 

1h / network control 

points: 8h 

C.1. High resolution 

orthoimage (i.e. 10cm) 

obtained using UAVs 

and SfM-MVS  and 

GCPs networking 

location. 
 

C.2. DEM 

(resolution:50cm) from 

the part of the valley in 

movement generated by 

drone images and SfM-

MVS applications 

(following B1,B2,C1) 

Fig 3 Methodological design and workflow for obtained (i) DEM by LiDAR 2010 and (ii) DEM 2016 by SfM-MVS using UAVs (i.e drone). 

Erosion:  

10980.28 m3 

Deposition: 

3782.85 m3 
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Fig 4. DEM of Differences 

(2016-2010, resolution: 

50cm) between LiDAR 2010 

flight  and model obtained by 

drone august 2016. Zoom 

with 2 types of processes: (i) 

coast erosion (red line; 

eroded front coast) and (ii) 

landslide of Teixidelo earth-

sea direction. Histogram with 

erosion/deposition ratio. 

o 14000m3 of material, 74.4% (i.e. 10980 m3) of sediment has 

been eroded, whereas that 24.6% (i.e. 3782.85m3) has been 

sedimented. Maximum of elevation  changes in 

erosion/deposition ratio was in order that 5 meters between 

2010 and 2016 (Fig 4) .  

5. CONCLUSIONS 

Fig 5. Coast front in the study site with high erosion ratio 
 

o Study site is highly dynamics (i.e. 90% of the sediment was removed 

between 2010 and 2016).  

o In the balance, erosion was predominant over deposition.  

o We observed two different and contrasts geomorphological 

processes: (i) coastal erosion and (ii) solifluction-landslides.   

o New successfully case 

study using UAVs-drones 

and SfM-MVS 

techniques for study 

landscape evolution and 

monitoring coastal 

geomorphic  processes.

  

o Of the total sediment, more than 90% has been moved caused  

by two principal processes. The rest of sediment remained 

stabled. 

o The spatial distribution of erosion/deposition ratio explain the 

two dominant geomorphic control phenomena (zoom, Fig 4). 

Coastal erosion has caused a heavy erosion in coastal front of 

the valley having been predominant (close term duration, more 

competitive). Nevertheless, the landslides and solifluction 

processes (long term duration, less competitive) with valley-sea 

direction (i.e. south-north) has caused the horizontal movement 

for the sediment, when both phenomena (i.e. same 

erosion/sedimentation ratio of the sediment) can be seen (e.g. 

hut building at the middle). Mean horizontal (i.e x,y coordinates) 

movement was about 2.5meters in the last 6 years. 
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