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Measuring deformation related to active sinkholes  
with ground-based 3D laser scanner. A case study  

in the evaporite karst of the Ebro Valley, NE Spain

Medición de deformaciones en dolinas activas mediante escáneres láser 3D. 
Un ejemplo en el karst evaporítico del Valle del Ebro, NE de España

A. Benito-Calvo1, F. Gutiérrez2, D. Carbonel2, G. Desir2, J. Guerrero2,  
O. Magri, T. Karampaglidis1 and I. Fabregat2
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Resumen: 

(Light Detection And Ranging Differential Synthetic Aperture 
Radar Interferometry

Palabras clave: 

Abstract: The investigations dealing with subsidence monitoring in active sinkholes are very 
scarce, especially when compared with other ground instability phenomena such as landslides. 
Recently, satisfactory results have been obtained utilizing some relatively new geodetic 
techniques such as airborne LiDAR (Light Detection And Ranging) and DInSAR (Differential 
Synthetic Aperture Radar Interferometry). In this work, carried out in the mantled evaporite 
karst of the Ebro Valley, NE Spain, we explore the potential of ground-based 3D laser scanner for 
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Geographical distribution of the investigated 
sinkholes within the middle reach of the Ebro River valley, 
NE Spain
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Image showing the location of the Alcalá 
sinkhole. The dashed line indicates the approximate limits 
of the area affected by higher subsidence. Arrow in the 

in the concrete wall. The photograph was taken on March 

with a return period of 5-10 years. The water stage in the 
river is well above the ground surface in the village and 

THE ALCALÁ SINKHOLE
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Geomorphological sketch of the Ebro Valley 
in the surroundings of the Alcalá village. The map shows 
the location of the Alcalá sinkhole, the position of the riv-
er channel in 1927 and 2012, and abandoned channels 
mapped on aerial photographs from 1957. Note that the 
old road and a pontoon passage between Alcalá and Re-
molinos were abandoned due to the changes experienced 
by the river channel after 1927
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Detailed map of the Alcalá sinkhole show-
ing the approximate location of collapse events, surface 
deformation features, position of targets, leveling points 
and boreholes (numbers in parenthesis indicate the depth 
range of cavities)
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Photographs illustrating the evolution of the 
Alcalá sinkhole since 2007. A: Collapse sinkhole that re-

on June 20, 2007. Image taken on July 8, 2007. Note the 
lack of cracking in the adjacent buildings. B: Collapse 

of the dike. C: Collapse-suffosion sinkhole formed soon 
after the compaction grouting program applied in the 
street with expansive polyurethane foam during Novem-
ber-December 2013. Note severe cracking in the adjacent 
buildings. Image taken on December 31, 2013. D: Col-
lapse sinkhole on May 9, 2014
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3D LASER SCANNER DATA
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Subsidence in Alcalá de Ebro sinkhole measured 
through laser scanner 3D data comparison. A) Distance 
between point clouds captured in October 2014 and April 
2015. B) Distance between point clouds captured in April 
2015 and October 2015. Units are expressed in meters
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