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Abstract 
In this work several techniques for the elaboration of landslides databases are compared. The 
used techniques are the digitalization on ortophotographies (monoplotting), the digitalization 
on aerial photographs and geometrical correction, the translate to a topographical map and 
digitalization, and, finally, the stereoplotting using digital photogrammetry. The landslide 
scarps databases derived from the different methodologies have been compared by several 
indexes such as the displacement between significant points of scarps, the lengths of scarps, 
and the fitness of scarps to a DTM. The analysis shows some important discrepancies between 
the databases, with displacements between 18 and 40 meters, depending on the compared 
methodologies. The general best results are obtained with the methodology of digital 
stereoplotting whose scarps database is well fitted to the DTM. Among the rest of 
methodologies, the digitalization on ortophotography presents the lower differences with the 
previous one, followed by the digitalization on the map; in both cases the displacements and 
other changes do not show a pattern, which induces to think in errors of interpretation and 
digitalization. The methodology of the digitalization on photogram presents the worst results, 
although with a certain spatial pattern related with the relief displacement. The conclusion is 
to recommend the use of the digital stereoplotting to elaborate landslides databases and as 
possible alternatives the digitalization on ortophotography and on topographical map, being 
dissuaded the digitalization on the photogram, at least in zones with a strong relief. 
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1 Introduction 
The cartographic techniques are one of the more useful tools in the prevention of natural risks 
(Ayala and Olcina, 2002), since that processes are usually related to the territory and happened 
on determined areas with a higher o lower frequency. Different levels of risk maps have been 
distinguished according to the terminology of Varnes (1978) but for determinate type of 
processes of little individual importance, difficult to be registered in time and very repetitive, 
such as the slope movements, susceptibility maps are quite adequate. Susceptibility maps show 
the distribution of the space probability that a risk phenomenon takes place in a determined 
localization at an uncertain time (Brabb, 1991). The methodologies more frequently used for 
the susceptibility maps to landslides are of probabilistic type, usually based on the inventory or 
database of these phenomena and the factors conditioning the processes. 
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Unlike other risk processes such as hurricanes, earthquakes, erosion, etc., studied and 
described by means of very small scales and low resolution maps, landslides are studied using 
small scale (national studies and planning), medium scale (regional studies and preliminary 
designs) and even large scale maps (local studios and projects) (Rengers et al, 1998). In this 
case, a higher cartographic quality becomes necessary to delimit the zones potentially in risk.  

Because of that reason, it is important to employ precise techniques of data acquisition, such as 
surveying using topographic instruments, GPS, laser scanning, terrestrial and aerial 
photogrammetry and remote sensing (high resolution sensors), allowing the accurate analysis 
of landslide susceptibility. Among these techniques, the aerial digital photogrammetry or high 
resolution remote sensing are better for the precise delimitation of landslides and determinant 
factors, with the objective of obtaining large scale susceptibility maps. All these analyses are 
carried out in Geographical Information Systems, whose utility for these studies has already 
been proven (Chacón et al, 1992; 1996; Irigaray et al., 1999; Chacón & Corominas, 2003). 

In this work, we have done a comparison of landslide databases carried out by means of 
techniques of digital photogrammetry with conventional thematic cartography, to check if 
these techniques improve the cartographic quality of these databases. Besides, we discuss the 
possible implications that it would have in the susceptibility maps.  

2 Study zone and data sample 
The study area is located in the mountainous area of La Contraviesa within the region of Las 
Alpujarras in Granada province (Spain). This zone has been previously studied (Fernández et 
al., 1996; 2003) resulting a high density of slope movements (Figure 1). 

 

 
Figure 1 Location of the study zone and original landslide database. 

From this landslide database, an small sample of scarps has been selected, all of them located 
inside of a single photogram belonging to a black & white flight at a 1:20.000 scale of the 
Andalusian Regional Government carried out in 1992 (Junta de Andalucía, 1992). In this 
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preliminary work, we prefer to work with landslides scarps because they are the most visible 
and easily identifiable features in the movements. The sample has a total of 20 scarps of four 
basic landslide types: rock falls (5), debris flows (5), shallow slides (5) and deep slides (5), 
distributed by the photogram. The sampling method has been random conditioned (1 scarp of 
each landslide typology per Km2). Nevertheless, the movements concentrate from the central 
part of the photogram toward the low part, because the initial inventory had this distribution. 

 

 
Figure 2 Samples of landslides scarps and significative points. 

We identify and digitalised the main or backward scarps as polygons entities to obtain a 
correlation with the slope-angles maps; we have also been considered only their higher 
boundaries as lineal entities to analyze their geometry more easily; finally, of the 20 scarps a 
subset sample of 100 significant points has been extracted to analyze the displacements 
between the samples obtained with different methodologies (Figure 2).  

3 Methodologies 
To study the possible enhancement in the positional accuracy of landslides databases with the 
employment of digital photogrammetry techniques, they have been compared with the 
resultant databases of other three methodologies:  

• Photo-interpretation and digitalization from orthophotographies (monoplotting). 
• Photo-interpretation on the stereoscopic pairs using a mirror stereoscope, 

digitalization of the extracted features and geometric correction by control points.  
• Photo-interpretation on the stereoscopic pairs, translate to a topographical map and 

digitalization of the features on this map. 
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The followed order has had as objective not to condition some processes with others and in 
this way, digital stereoplotting has been applied later than analogical photointerpretation and 
monoplotting on orthophotography. 

3.1 Photo-interpretation and digitalization from orthophotographies 
The methodology consists on digitizing landslide scarps on the orthophotography, so this 
technique is really a 2D interpretation or monoplottting. It has been made on the Digital 
Ortophototography of Andalucía at a 1:10.000 scale, with resolution of 1 m (100 microns) and 
in colour (Junta of Andalucía, 1999). This orthophotography was carried out from a 1:60.000 
scale and colour aerial fight, by means digital photogrammetry.  

The digitalization of landslide scarps has been carried out on PC screen using the interface 
ArcMap of ArcGIS sofware (Esri, 2003), firstly as polygons entities. The upper boundary lines 
of scarp have been obtained from polygons working with edition and topology tools. Finally, 
significant and unequivocal points have been selected from the upper boundary line, usually 
coincident with rupture points in these lines, and finally they have been digitized as points. 

As advantages of the method we can point out their simplicity and the result as a 
georeferenced and geometrical corrected product. As disadvantages, the photo-interpretation is 
in 2D vision, so the possibility to make errors is higher that when one has stereoscopic or 3D 
vision. 

3.2 Photo-interpretation, digitalization and geometric correction 
This methodology consists on an analogical photo-interpretation by means of mirror 
stereoscopes and drawing of the boundary polygon of the landslide scarps on an acetate sheet 
over the photograms corresponding to the flight previously mentioned. After this, the 
digitalization of these polygons and the control points used for the geometric correction is 
made over a scanned image of the photogram in Corel Draw 11 software, taking as pattern the 
drawn lines on the acetate sheet. Next, this draw is converted to an image, which is corrected 
in the GIS by means of 15 control points which matches image coordinates with UTM30 
coordinates, using a second grade polynomial transformation. Finally, on the corrected image, 
the landslide scarps have been digitized as polygons, obtaining later the scarps lines and the 
significant points in the same way as before. 

The main advantage of this method is the quality that provides the stereoscopic photo-
interpretation. The disadvantages are the problems that can have the geometric correction or 
rectification by means control points defined in 2D in a very mountainous field and the 
technique complexity with several transformations that increase the possibility of errors.  

3.3 Photo-interpretation, translation to topographical map and digitalization 
This is methodology used in the previous works (Fernández et al., 1996; 2003; Irigaray et al, 
1999). After the photo-interpretation described in the upper section, a translation of the 
identified landslide scarps to the topographical map is made. In this case we use the 
Topographic Map of Andalucía at 1:10.000 scale in a mosaic raster format, which has been 
obtained by scanning and georeferencing the analogical map, allowing to have a continuous 
map of the whole region. In the GIS, we digitise the landslide scarps as polygons on this map 
taking as pattern the inventory drawn on the acetate sheet over the aerial photogram.  
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The advantages of this method are the simplicity of the process and the digitalization on a 
georeferenced image. On the other side, the main problem is the subjectivity of the translation 
of landslide scarps based on a correct identification of them and other terrain features from the 
configuration of contour lines; besides, the change in the form and dimensions of the features 
depending on the position in the photogram and the slope-angle makes even more difficult the 
translation of the scarps to the map and may cause large errors in this methodology. 

3.4 Digital photogrammetric stereoplotting 
This is the methodology under calibration and the youngest in these topics. Although the 
techniques of digital photogrammetry have been used from 80’s decade in topographical 
mapping, their use in thematic mapping and especially in landslide research has been more 
limited and only has begun in the last years (González-Díaz et al., 2004; Cardenal et al., 2005).  

In this case, the procedure starts with the scanning of the photograms of panchromatic aerial 
images at 1:20.000 scale of the Regional Andalusian Government using a Vexcel Ultrascan 
5000 photogrammetric scanner with a pixel size of 15 microns (GSD=0,3m). The digital 
images are oriented using a total of 20 control points extracted from the control point database 
of the regional government using automatic aerial triangulation techniques and block 
adjustment with Leica Photogrammetric Suite, LPS, software (Leica, 2002) in a digital 
photogrammetric workstation. Once the images are oriented in a terrain coordinate system, 
stereoscopic vision and software stereoplotting tools can be use for capture landslide scarps in 
a 3D coordinate system, stored in a DGN file structure that can be easily import by the GIS. 

The advantages of this method are the high precision that offers due to the stereoscopic vision 
that allows a correct identification of the topographical features, the direct stereoplotting of the 
features and their correct georreferentiation; as additional advantage, the boundary polygons 
have 3D information, what allows detailed analysis of the elements of the slope movements. 
Inconveniences are the complexity of previous processes (scanning and block orientation) and 
the own stereoplotting of landslides scarps, both that require an adequate hardware and 
software and an experienced operator. 

4 Analysis 
The analysis seeks to determine the existing differences between the landslides scarps 
databases obtained with different methodologies, with the objective of to validate or to reject 
them, and especially to check if the methodology of digital photogrammetric stereoplotting 
supposes a significant enhancement regarding the rest of methodologies. 

This analysis start from the described sample: 20 landslides scarps, 20 lines of scarps and 100 
significant points. The landslides scarps allow to study the fitness of databases to different 
DTM; the scarp lines allow to study the changes in the length of landslides scarps. Finally, the 
significant points allow to determine the displacements in scarps between methodologies. The 
analysis will be made in a global way, and for landslides typologies and concrete movements. 

With this objective, we define some indexes that allow to do this comparative analysis between 
the databases obtained with the used different methodologies. These are the following ones: 

• Displacements of significant points (Dl), as the distance between homologous points 
in different methodologies, calculated resting the coordinates of significative points 
obtained in second methodology to the coordinates of points of first methodology. 
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• Displacements direction according to North (Dd) between the significant points 
obtained in the different methologies. In this case, values express displacement 
between points in the second methodology to the points of first methodology. 

• Lineal correlation coefficient (R) between X and Y coordinates of different 
methodologies. 

• Length of landslides scarps (L): Length of the higher lines of scarps. 
• Slope of landslides scarps (Slope): Mean slope angles of landslide scarps polygons. 

5 Results 

5.1 Displacements of significant points 
From the Table 1, it is deduced that the methodologies that show the most similar results are 
the digital stereoplotting and the digitalization on ortophotography (displacement 18 m 
between both of them). Next, the comparison between the digitalization on the map and digital 
stereoplotting and the comparison between digitalization on the map and on the 
orthophotography show similar values (25 and 24 m, respectively). Lastly, the higher values 
are shown by the comparisons in those digitalization on photogram are present, especially 
when it is compared with the digitalization on the map (44 m). 

Table 1 Comparison between displacements between significant points in the used methodologies. 

Indices S-O S-M S-P O-M O-P M-P
 Dl Dd Dl Dd Dl Dd Dl Dd Dl Dd Dl Dd 
Scarp 6 8 122 13 104 22 127 11 83 23 266 26 245
Scarp 7 5 152 18 233 18 47 17 231 19 35 24 52 
Scarp 11 6 172 19 190 10 194 16 185 8 297 10 128 
Scarp 13 15 94 7 200 47 72 13 250 34 66 46 66 
Scarp 20 13 251 14 199 41 315 15 230 41 318 47 328 
Rock falls 10 158 14 182 29 168 14 194 26 200 32 172
Scarp 5 20 218 25 183 21 158 15 107 32 100 32 91
Scarp 9 18 254 40 146 18 179 46 132 17 141 42 315 
Scarp 12 27 144 15 154 46 34 17 178 62 30 54 30 
Scarp 14 24 83 16 204 21 152 27 293 21 172 25 180 
Scarp 19 18 190 24 136 26 137 27 152 36 203 27 265 
Debris flows 21 178 24 165 26 132 26 172 33 129 36 176
Scarp 1 22 293 30 105 28 146 24 134 39 138 30 194
Scarp 3 13 199 25 215 34 85 24 198 31 98 54 101 
Scarp 10 14 244 26 269 39 174 20 273 40 166 50 156 
Scarp 16 12 233 38 193 49 137 36 198 49 133 38 79 
Scarp 18 14 225 17 182 58 263 16 103 53 257 63 247 
Shallow sl. 15 241 28 189 41 159 25 180 43 156 46 154
Scarp 2 29 238 28 171 40 128 30 166 40 123 49 201
Scarp 4 27 143 27 167 43 257 33 196 53 215 53 261 
Scarp 8 11 209 23 200 17 136 19 189 23 75 35 143 
Scarp 15 15 211 24 177 27 212 21 143 23 182 29 262 
Scarp 17 21 152 40 112 42 124 30 153 36 133 46 196 
Deep slides 21 185 29 162 35 173 28 172 37 149 44 214
Total 18 191 25 172 33 159 24 178 35 155 40 184
Correlation R 0,99 0,98 0,97 0,98 0,97 0,96

S:Digital stereoplotting; O: Digitalization on orthophotography; M: Digitalization on 
map; P: Digitalization on photogram 
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By typologies, the lower displacements are related to rock falls in most comparisons between 
methodologies, better when the digital stereoplotting or digitalization on orthophotography are 
present and worse when digitalization on the map do; next, debris flows presents good results 
when digitalization on photograms and on orthophotography are present in the comparison; the 
larger displacements take place in the rock slides so much shallow slides as deep slides. 

By individual landslide scarps, the higher displacements take place in movements with larger 
height interval respect the mean plan and more far from the principal point (scarps located at 
the north and south part of the zone), especially for the comparisons between the digitalization 
on photogram and the other methods. 

5.2 Displacements direction  
Generally, we observe that the mean displacements take place in North-South direction. These 
displacements show that usually points of databases obtained with the methodology of the 
digitalization on the photogram are located to the south from the databases obtained with the 
other methodologies. On the other hand, points from digital stereoplotting are located to the 
north. Nevertheless, the variability is very high and the global analysis has little significance. 
The same thing happens in the analysis for typologies, where clear patterns are not observed. 

The analysis for individual scarps presents some certain patterns. So, those comparisons in 
which databases obtained from digitalization on photogram are present show displacements in 
the North-South direction in most cases, depending the displacement on the location of scarps. 
Usually, the more located to the north the scarps are, the more displacements to the South are 
produced, and vice versa. In the rest of comparisons in which digitalization on photogram do 
not intervene, higher discrepancies are observed and a pattern can not be observed. 

5.3 Linear correlation coefficient between coordinates  
Generally, high correlations between coordinates of significative points in scarps obtained 
from the different methodologies are observed, always with correlation coefficient over 0,9. 
The higher correlation coefficients are related to the comparison between scarps from digital 
stereoplotting and digitalization on orthophotography (0,99), and the lower values are related 
with the comparison between digitalization on map and digitalization on photogram (0,96).  

Table 2 Length and mean slopes of landslides scarps in the used methodologies. 

Indices S O M P
 L S1ope L S1ope L Slope L S1ope
Scarp 6 182 37,1 183 22,6 188 29,7 186 28,5
Scarp 7 180 17,8 199 24,6 203 26,7 188 30,0
Scarp 11 66 39,1 42 25,5 55 27,0 47 24,0
Scarp 13 126 38,0 105 26,7 103 22,4 108 25,4
Scarp 20 185 34,4 151 31,8 132 34,0 186 32,7
Rock falls 148 36,3 136 26,3 136 28,0 143 28,0
Scarp 5 418 33,1 396 20,6 384 12,6 472 19,2
Scarp 9 173 40,1 244 39,1 276 36,6 196 39,8
Scarp 12 323 29,7 371 29,9 309 28,2 360 29,2
Scarp 14 423 36,5 511 34,7 562 34,2 577 34,6
Scarp 19 339 35,2 349 39,1 434 38,2 413 38,2
Debris 335 24,9 374 32,7 393 30,0 403 30,7
Scarp 1 301 24,5 346 29,3 347 28,8 323 29,6
Scarp 3 205 21,6 191 42,3 168 39,7 236 48,2
Scarp 10 179 26,9 196 36,9 228 36,7 269 35,8
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Scarp 16 379 36,1 384 36,0 392 38,1 445 28,5
Scarp 18 220 30,3 240 35,4 218 36,2 228 36,4
Shallow sl. 257 28,0 271 36,0 271 35,9 300 35,7
Scarp 2 819 23,3 940 36,8 748 37,3 887 38,0
Scarp 4 1271 24,9 1322 35,4 1259 36,8 1189 38,2
Scarp 8 501 30,9 489 26,5 479 35,5 468 29,2
Scarp 15 343 27,9 300 23,2 249 30,2 306 33,3
Scarp 17 854 34,7 780 34,7 757 37,3 989 32,5
Deep slides 758 28,3 766 31,3 698 35,4 768 34,2
Total 374 31,1 387 31,6 375 32,3 403 32,2

S:Digital stereoplotting; O: Digitalization on orthophotography; M: Digitalization on map; P: Digitalization on photogram 

 

5.4 Length of lines of scarps 
The scarps coming from the digitalization on the photogram are longer than the ones from the 
other methodologies. By typologies, we find that rock falls scarps obtained from stereoplotting 
are longer while the debris flow scarps are relatively shorter than in other methodologies. Also, 
deep rock slide scarps from the digitalization on the map are longer and shallow rockslides 
scarps from the digitalization on the photogram are longer than in the rest of methodologies. 

In the analysis by movements, we can observe scarps for different typologies with a important 
change in length between methodologies. It happens in scarps of usually smaller dimensions 
and not too far from the principal point, neither with a height interval respect to the mean plan. 

5.5 Mean slope-angles of scarps 
The mean slope angles of scarps obtained from the methodology of digital stereoplotting are 
higher in rock falls than in other typologies, as can be observed in a cross correlation of 
landslide scarps polygons with slope angles derived from a DTM of 20 m resolution of the 
Regional Andalusian Government. In this methodology, the lowest mean slopes angles take 
place in debris flows scarps. In the rest of methodologies there are many discrepancies, being 
the highest mean slope angles in rock slides (digitalizacion on map and digitalization on 
photogram) or in debris flows (digitalization on orthophotography). 

6 Discussion 
Since the described results, some general observations can be extracted. First, the 
displacements between significant points of landslide scarps obtained with different methods 
present values high enough to be considered, although the correlations between the coordinates 
of points of different methodologies are high. These displacements are higher when the 
methodology of digitalization on photogram is considered, partly due to the relief 
displacement. The main displacement direction is North-South, what is explained by the larger 
extension of scarps databases in this direction respect to East-West direction.  

The typology with lower errors is the rock falls scarps whose localization is more unequivocal, 
followed by debris flows and rock slides, whose scarps are more irregular and ambiguous. 
These problems become worse in the methodology of digitalization on the map, especially in 
some typologies such as debris flows badly identified in maps. 

Since the analysis of individual landslide scarps, it seems logical finding certain patterns in 
displacements when digitalization on photogram is compared with other methodologies; these 
roughly patterns are related to effect of relief displacement of photogram points. As a 



7th International Symposium on Spatial Accuracy Assessment in Natural Resources and Environmental Sciences. 
Edited by M. Caetano and M. Painho. 

 147

consequence of this effect the displacements of significative points are usually higher in points 
with a large height interval respect to the mean plan, increasing as the distance from the 
principal point or fiducial centre. In the study zone, strongly inclined in a general way toward 
the South, this effect makes that the displacements direction are to the South in the North and 
to the North in the South, that is to say towards the centre. Nevertheless, there are so many 
exceptions, firstly due to displacements in East-West direction; secondly, and more important 
due to the application of a geometrical correction o rectification by means control points; and, 
finally, due to the own identification and digitalization errors.  

In other way, when examining the displacements between significant points from other 
methodologies (digital stereoplotting, digitalization on ortophotography and digitalization on 
map) these patterns are not appreciated and the irregular displacements are related mainly to 
identification and digitalization errors. These errors are higher in the digitalization on the map 
than in digitalization from ortophotography, due to the difficulty to identify details of the 
terrain surface in a topographical map at 1:10.000 scale.  

The analysis of the length of landslides scarps do not present any clear result, if at all that the 
digitalization on photogram methodology offer longer lines, what can be explain not only for 
the higher detail in the lines, but for the larger deformations occurred in this methodology.  

The mean slope angles of landslide scarps show a better fitness in the methodology of digital 
restitution, where the rock falls present a higher mean slope angle, especially if we consider 
the DTM generated previously to the stereoplotting, followed by the rock slides and finally by 
the debris flows. This is a logical analysis according to the field data: rock falls scarps are 
practically vertical while debris flows scarps present slope angles clearly lower. Nevertheless, 
those results do not have been observed in the rest of methodologies, where scarps of other 
typologies, even debris flows, present higher slope angles than rock falls. 

 

 
Figure 3 Displacements of significant points: S: Stereoplotting; O: Orthophotography; P: Photograms. 
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7 Conclusions 
The observed displacements between the significant points of landslide scarps obtained with 
different methodologies allow concluding that the used methodology will influence in the 
quality of the scarps data bases and those analysis and maps derived from them. 

The method that produces the best fitness to the MDT is the digital restitution, and for this 
reason the use of this method is strongly recommended whenever it is possible, that is to say 
that the necessary technology (hardware, software) and experienced operators was available.  

The digitalization on orthophotography can be a good substitute of the previous methodology, 
but it should be based on a previous analogical photo-interpretation. The methodology of 
digitalization on topographical map can also be a good option if it is made with the due 
precision. In both methodologies, interpretation and digitalization errors occur without a clear 
pattern in the work space. On the other hand, they are higher in those typologies whose 
interpretation is more ambiguous (rock slides and debris flows). 

Nevertheless, the method of the digitalization on the photogram is dissuades, for the strong 
discrepancies that the scarps databases derived from it presents in relation to the digital 
stereoplotting ones, mainly if the study zone have large height intervals. In this case, the errors 
are more related with the relief displacements, although due to the rectification of the points, 
the displacement patterns are not sometimes clear. 

This is a preliminary work, although it opens the way to detailed future investigations, for 
those that it will be necessary to use more and better index of comparison between 
methodologies, as well as to contrast the results with other zones of lower relief and with other 
typologies of scarps and slope movements. 
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