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Abstract 
Landslides are one of the most frequent deformations in the shallow layers of the Earth. These 
deformations have very important social and economic consequences being one of the more 
hazardous natural risks. For this reason, the landslides knowledge and modelling are actually 
a very interesting research line in order to establish the susceptibility of a certain zone to be 
affected by one of these processes. Digital photogrammetry can be used for monitoring 
landslides since allows for high accuracy calculation of spatial coordinates of points in 
unstable slopes and its surroundings. Present aerial digital photogrammetric techniques have 
shown to be effective into the susceptibility and hazard analysis of the land instability 
processes at moderate costs. The Digital Elevation Models (DEM), obtained by means of 
digital photogrammetry, have a high accuracy and precision and improve the results of mass 
movements’ susceptibility models. This methodology has been applied in an area localized in 
the internal valleys of the Cantabrian Range (Northern Spain). An interesting aspect of the 
project has been the data processing of available historical flights in order to increase the 
historical record of present information. Thus a total of 5 flights on the study areas were 
available from 1958 to 2001, with scales between 1:33.000 and 1:15.000 and with color and 
panchromatic films. The final quality of available originals (obtaining negatives in good 
condition for scanning was really difficult) and the available information ( there were cases 
with no information about the geometric camera parameters) have taken to select two flights: 
a 1:20.000 scale panchromatic flown at 1970 and a 1:15.000 scale color flown at 1988. DEM 
accuracy was better than 1.5 m and 2 m in XY and Z, respectively. In these cases comparison 
with present photogrammetric flights (larger 1:10000 and 1:5000 ad hoc flights for the 
project) has allowed the monitoring of the temporal evolution of landslide crowns (expressed 
as annual rates of displacements). Other historical flights have also been processed to check 
out the extent of the metric capabilities of old aerial paper print photographs when an 
important lack of information about the flight project exists. All flights have been processed 
with a digital photogrammetric workstation (DPW) running under Leica Photogrammetry 
SuiteTM (LPS). 
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1 Introduction 
Mass movements are an important geomorphological process and their development causes 
potential threat for human lives and assets. This type of natural processes constitutes one of the 
natural processes with a bigger associated risk (number of victims and economic risk). Brabb 
and Harrods (1989) analyse the socioeconomic influences of the landslides in reference to 
direct costs (human lives and direct economic losses –indemnifications, reconstructions and 
maintenance–) and indirect costs (spare expenses, dismissed profit, etc). A very interesting 
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study is presented in Ayala-Carcedo (1994) that analyzes the 1000-1994 period, concluding 
that landslides have supposed for that period human losses above 280,000 people, being the 
third natural hazard (after earthquakes and floods) in number of victims. With regard to this 
matter it is important to bear in mind that losses grow upon the last decades due to the 
demographic rising and to the increasing human environment impact. The economic costs of 
phenomena are important. In Spain, the Spanish Geological Survey estimated in 36 million of 
euros/year the costs associated with the landslides for the 1990-1994 period. 

So there is an actual interest in establishing the mechanisms of landslide movements in order 
to obtain susceptibility maps that allows an adequate land planning. Also a proper knowledge 
of conditioning factors can allow correlate the risk to any phenomenon (for example, rainy 
period). One of the most useful tools to mitigate the development of this type of processes is 
the elaboration of susceptibility, hazard and risk maps. However, the elaboration of such maps 
is not a simple task, due to the complexity of these phenomena and the difficulty to properly 
assess their future behaviour. 

2 Methodology 
The FODISPIL project (acronymous for the project entitled: “The use of digital 
photogrammetry techniques into the susceptibility and hazard analysis of the land instability 
processes”) is dealing with the improving line of the susceptibility maps using high quality 
input information (Gonzalez-Díez, et al., 2004). This information is mainly cartographical and 
it has been generated by means of digital photogrammetric techniques. Digital 
photogrammetry has allowed the generation of digital elevation models (DEM) and spatial (in 
three dimensions) feature collection of conditioning factors –vegetation, lithology, fractures, 
landslide crowns, etc. 

The new methodological approach aims to improve the prediction capacity of the landslide 
hazard maps, clearing some of the uncertainties contained in the landslide susceptibility maps, 
relative to where and when the new instability processes will be developed. These 
uncertainties remain because lack of reliability and resolution in the DEM’s usually used in 
such maps. So the new methodology is based on the combined use of information related to 
landslide conditioning factors (lithology, landcover, soils, slopes, meteorology, etc.; which is 
mainly obtained by means of field works and analysed with Geographic Information Systems –
ArcGIS–) and aerial photographs processed with digital photogrammetric techniques. 

Reliable high-resolution DEM will be used to the susceptibility analysis. These DEM are 
obtained from aerial photographs (“ad hoc” photogrammetric flights at detailed scale with both 
colour and colour infrared films) and Digital Photogrammetric Workstation (DPW). The 
reliability of the DEM are being analysed by means of estimation and simulation geostatistical 
techniques. Moreover, by means of digital photogrammetric stereo-plotting a new type of 
information (the future rupture areas) is introduced into the analysis. These rupture areas are 
defined from the “premonitory slide features” (open cracks, bulkiness, internal depressions, 
etc.) and the humid areas (areas in which the surface waters are accumulated). 

The premonitory features were mapped from stereomodels generated from colour photos 
whereas the humid areas were mapped from infrared photos. All the conditioning factor layers 
considered into the analysis are being introduced in the susceptibility analysis as a continuous 
or discrete variable. Diverse statistics (Favourability functions, Bayesian probability models, 
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etc.) are being applied. Every result of susceptibility will be validated from the dates of 
landslide temporal occurrence found. 

3 Study area 
This methodology is being applied in two study areas localized in the internal valleys of the 
Cantabrian Range (Northern Spain): Miera and Villafufre areas (Figure 1). Miera area (2km2) 
is a deep valley with a highly rough relief with elevations between 600m (bottom of the valley) 
to 1400m (summit line). The materials are sedimentary carbonate materials with interbedded 
sandstone folded in a synclinar structure (Aptiense) and covered by till deposits. This is a very 
interesting area due to its topography that produces several problems in the different phases of 
the photogrammetric process (flight mission, variable stereoscopic overlap –both forward and 
side laps-, ground control, automatic DEM generation, etc.).  

Villafufre area has 3km2 surface. The area has rough relief with elevation between 100m to 
450m. The materials are basically Triassic (Keuper clays, gypsum and ophyttes) and Jurassic 
materials on top. Drainage preferential pathways that communicate dolines with the valley 
lower parts are present. 

 

 
Figure 1 FODISPIL study area. 

4 Historical and present flights 
Several photogrammetric flights, both historical and FODISPIL ad-hoc flights have been 
processed with the DPW Leica Photogrammetry SuiteTM (LPS). A resume of main flight 
characteristics and results is shown in Table 1. 

4.1 Historical flights 
A very interesting aspect of the project has been the data processing of available historical 
flights. This has permitted increase the historical record of available information. A total of 5 
flights on the study areas were available from 1957 to 2001, with scales among 1:33.000 and 
1:15.000 and with colour and panchromatic films. The final quality of available originals 
(obtaining negatives in good condition for scanning has been difficult) and the available 
information (in some cases, there was not any information about the camera used in the flight) 
have taken to select two flights: a 1:20.000 scale panchromatic flown at 1970 and a 1:15.000 
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scale colour flown at 1988. These photographs were scanned with a Vexcel Ultrascan 5000 
photogrammetric scanner. 

Table 1 Main characteristics and results of the photogrammetric flight processed in FODISPIL project. 

Block 
residuals (m) 

DEM accuracy  
(m) 

Year Scale GSDa 
(m) 

XY Z XY Z 

Observations 

1957 1:33000 0.72 2.02 2.74 Not generated Non photogrammetric scanner 
Paper contact prints 

1970 1:20000 0.23 0.86 1.98 1.21 1.76 Photogrammetric scanner 
Paper contact prints 

1988 1:15000 0.24 0.45 1.06 0.63 1.58 Photogrammetric scanner 
Negative film 

2003 1:5000 0.12 0.15 0.21 0.27 0.73 Photogrammetric scanner 
Negative film 

2004 1:10000 0.15 0.09 0.20 In process Photogrammetric scanner 
Negative film 

aGSD: Ground sample distance (pixel size)  
 

On the other hand, the 1957 flight is a very interesting flight since it was the first 
photogrammetric project to cover the most part of Spain. It was done by the U.S. Goverment, 
so in Spain it is usually known as the “American flight”. In the most part of Spain the 
historical record of aerial metric photographs started in this decade with this flight. Indeed it is 
a valuable information source for photointerpretation and land use evolution. But large 
problems with the present metric use of this flight exist since a proper conservation of the 
prints is not guaranteed and there is an important lack of data respect to the cameras employed. 
Moreover, these old cameras had not fiducial marks as more recent cameras in the next decade 
of the sixties had. They had some marks at the edge frames to allow for inner orientation in the 
plate carriers of old analogical stereoplotters, but they are not suitable for inner orientation in 
modern analytical and digital stereoplotters (Figure 2). Anyway some details in these marks 
have allowed defining an ad-hoc reference system for each image and locating a pseudo-
principal point in the centre of the format. 

For image orientation and considering that the information usually was incomplete, self-
calibration processes were used. Field GPS surveyed control and check points have been used 
for exterior orientation of the photographs. In the 1957 flight, control point densification from 
present larger scale flights was also used. In Table 1 the final residuals of the transformation 
(expressed as terrain coordinates) and the DEM accuracy (considering control points) are 
presented. 

4.2 FODISPIL ad-hoc flights 
Within the FODISIL project a total of 8 flights have been made. The flights are usually 1:5000 
scale (also 1:3500 and 1:10000 scales have been used in order to check optimal scales) with 
colour and colour infrared films. Table 1 shows the results for the 1:5000 (2003) and 1:10000 
(2004) flights. 
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Figure 2 Detail of fiducial of the aerial camera in the 1957 flight. Screen capture of the frame editor of 

Leica Photogrammetric Suite (LPS). 

These flights have been oriented using a ground control network designed and measured 
especially for this project, including check points, and using LPS program (all the points were 
localized in stable areas). The final block adjustments obtained show that it is possible to 
obtain errors lower than 0.2m (terrain coordinates) on the image stereoscopic measurements. 
Thanks to these high quality images (terrain pixel size between 0.075-0.120 m) it has been 
possible to improve the premonitory features mapping with respect to previous images. In 
addition, also it is possible to obtain temporal evolutions of some processes. Figure 3 shows an 
example of evolution in a premonitory feature detected in 1988. In the 2003 flight the feature 
has been developed and at this moment has been destroyed a small house (Olague et al., 2004; 
Cardenal et al., in press). 

 

 
Figure 3 Landslide evolution in 1988 (left) - 2003 (right) period. The circle marks the position of a house 

that has been destroyed by the landslide. It is also possible to observe the loss of the trees due to the 
instability of the terrain. 

In Figure 4 another example of landslide evolution is presented. The temporal evolution has 
been established using stereoplottings from the 1970, 1988 and 2003 flights. In Table 2 the 
length modifications (measured from a stable fence) and displacement annual values are 
presented (Olague et al., 2004). 
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 L1 L2 L3 L4 L5 L6 

1970 10.89 14.70 13.16 9.09 5.91 40.15 

1988 8.30 14.57 12.16 9.09 3.63 41.18 

2003 7.00 11.46 11.51 7.83 --- 41.18 

Figure 4 Temporal evolution of landslide crowns (m) from 1970 to 2003 in a mass movement localized at 
Villafufre area. 

Table 2 Temporal evolution of landslide crowns (annual rates –m/year– obtained from the values of the 
Figure 4). 

 1970-2003 1970-1988 1988-2003 

L1 0.12 0.14 0.09 

L2 0.10 0.01 0.21 

L3 0.05 0.06 0.04 

Mean 0.09 0.07 0.11 
 

5 Selfcalibration of the 1957 flight 
At present the usual method for aerial phototriangulation is the bundle adjustment, where the 
collinearity equations are solved in a least square adjustment (Kraus, 1992). When parameters 
that define the camera calibration are also evaluated, the process is called a selfcalibrating 
bundle adjustment. Selfcalibration is a well known method that it has been successfully and 
routinely applied in close range photogrammetry applications with non metric cameras but also 
when the higher precision were needed, such as the case of industrial applications (Atkinson, 
1996). In fact the camera is calibrated (or at least the calibration is refined) each time it is used. 
So systematic errors derived from incorrect or unknown inner parameters are overcome. But in 
recent years, selfcalibration is also being used in aerial photogrammetry. Thus most present 
DPW can incorporate triangulation software which offer this advanced option. A proper use of 
selfcalibration can improve the accuracy of conventional aerial triangulation by 50%, although 
rigorous conditions for a proper application should be taken into account (Kraus, op.cit.). This 
method is specially indicated for the use of historical aerial photographs where there is a lack 
of calibration information and large systematic errors (from film deformation for example) can 
occur. The selfcalibration equations (as derived from the extended collinearity model) can be 
written as: 
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− + − + −
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− + − + −
− + − + −0

21 0 22 0 23 0

31 0 32 0 33 0
∆

 
(2) 

where: 
x, y – are image point photocoordinates, 
X, Y, Z – are spatial coordinates of points, 
f – camera focal length, 
x0, y0 – are the principal points coordinates, 
X0, Y0, Z0 – are the image perspective centre coordinates (in object space), 
m11, m12, m13, etc. – are the elements of the rotation matrix, 
drx, dry – are the x and y components of symmetric radial distortion, 
Dx, Dx: additional parameters (AP’s). 

The additional parameters (AP’s) are the terms of a polynomial expression incorporated in the 
collinearity equations. A great range and variety of sets of AP’s have been proposed by 
photogrammetrist. Although the exact physical meaning of most AP’s terms is unclear, they 
are an effective way by which the systematic errors which remain in image and spatial 
calculated coordinates are reduced with respect to conventional bundle adjustment.  

The AP’s models give an additional correction for different errors difficult to be modelized 
(irregular deformation, film unflatness, uncorrected atmospheric refraction, non symmetric 
distortions, etc.). But there is a temptation to add more AP’s terms than necessary in order to 
reduce the residuals in image coordinates. This can lead to an over- parameterization and 
serious deterioration in accuracy of terrain coordinates. As stated in Fryer (1992) “…given 
enough mathematical terms, you can describe an elephant”.  

This method has been applied to the 1957 flight because the only camera information was the 
focal length but also there was a lack of fiducial marks and no distortion information. Also, 
only old paper contact prints (probably largely deformed) digitized (at 1200 dpi) with a non 
photogrammetric desktop scanner (UMAX Mirage D16L) were available. In this paper, it is 
evaluated the possibility of using this kind of aerial photographs in metric applications. 
Although the photo scale (1:33.000) makes difficult the use of this flight in FODISPIL project 
(given the scale of the mass movements, as seen in Figure 4), it is interesting their evaluation 
since less accurate methods are routinely employed for obtaining the basic terrain information 
in landslide modelling. 

LPS offers selfcalibration in Block Triangulation program which can run several AP’s models 
as advanced options. It was decided to not selfcalibrate inner parameters such as focal length 
or principal point (set to 0, 0). Focal length was known (it is a marginal data in the photograph) 
and errors in the exact knowledge of this parameter is not so critical since it can be 
compensated with a translation of the projection centres during calculation. With respect to 
principal point, since fiducials don’t exist and an artificial reference photocoordinate system 
was established, this error can be neglected with respect to others. And finally, distortion can 
be included in some of the existing AP’s models in LPS. After some trials, helped with the use 
of control and check points the selected AP’s model was: 
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This model has twelve additional parameters that are derived from Ebner (Leica Geosystems, 
2003). In short, the twelve parameters compensate for various types of systematic error 
including lens distortion, scanner error, affine deformation, and film deformation. 

Other additional parameters models included in LPS such as the Bauer’s –three parameters- 
and Jacobsen’s –four parameters- Simple Models for compensate affine deformations and 
radial symmetric distortion were not efficient to reduce the systematic errors enough. The 
more complex Brown’s Physical Model (a fourteen parameter model simplified from the 
original twenty parameters Brown’s model) for compensate a large variety of physical 
systematic errors (film deformation, film plate flatness, lens distortion, etc.) deteriorated the 
adjustment with very high errors in both control and check points. In this case, the Brown’s 
model (same as Ebner’s model) needs a strong geometry between images and the control 
points as well as high redundancy in both control and tie points. Results are shown in Table 3. 

Table 3 Results in Villafufre 1957 flight without AP`s model (conventional bundle adjustment) and with 
selfcalibration using different AP`s models (in parenthesis the number of parameter). 

 RMS Control Points (m) RMS Check points (m) 

AP`s modela s0 (mm) XY Z XY Z 

No AP’s 0.026 5.01 8.70 6.05 20.87 

Bauer’s (3) 0.024 4.05 7.21 7.12 18.62 

Jacobsen’s (4) 0.024 4.01 7.23 7.52 18.55 

Ebner’sb (12) 0.020 2.02 2.74 2.23 3.16 

Brown’s (14) 0.024 5.12 7.07 7.01 18.47 
aAP`s models in Leica Geosystems (2003) 
bUnderlined is the Ebner’s model 

 

It is clear that Ebner`s model is the more effective model to reduce the systematic errors. Also 
it can be mention the important errors if no AP’s are adjusted (this is conventional bundle 
adjustment) or an improper AP’s model is selected. Check points are necessary to evaluate the 
extension of the correction since it is easy that gross errors (apart from those of the control 
points) could be present but not detected. That has been notice in areas where the control point 
network was not adequate, making necessary network densification in those areas, and when 
the AP`s model was not the optimum. In this case it was a real problem since it was extremely 
difficult the identification of more control and check points in the old photographs given the 
large changes in the landscape in the last fifty years. 

But although Ebner`s models has shown to be effective to reduce a considerable amount of 
systematic error in this block of photographs, indeed large care have to be taken in accept the 
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final result. It is important in adjusting AP`s models to avoid extrapolation of parameter to 
those areas outside the area limited by the control points even in the same stereoscopic model. 
Figure 5 shows a screen capture of LPS program where the photographs footprints and the tie, 
control and check points network can be seen.. A white line marks the area of interest where 
landslides are being analyzed. In this small area the control and check points have been 
concentrated since the ground control was extended from larger scales flights. So the results 
shown in Table 3 are only valid in this area. In fact an analysis of the rms at the adjusted tie 
points in the area influenced by the ground control shows 1.20 m and 1.02 m for XY and Z, 
respectively. But, if the rms of triangulated tie points for the whole area are taken into account, 
the rms rise to 21.58 m and 17.80 m for XY and Z, respectively (but with a sigma0 of the 
adjustment of 0.02 mm in the image space). 

 

 
Figure 5 Screen capture of LPS Project Manager Window with the 1957 Villafufre project. White line 

marks the surveyed area where the Ebner´s AP´s model is valid. 

6 Conclusions and future works 
The application of the digital photogrammetric methodology in order to obtain very high 
quality information for landslide susceptibility maps generation and process modelling has 
several advantages: 

• The photogrammetric flights allow the coverage of relatively extent areas (10-100 
km2) with an adequate accuracy level (0.1 to 1m) being a low cost technique, at least 
compared with other remote sensing techniques (high resolution satellite images). 

• Digital photogrammetry is a well known and well established technique that has 
been applied for mapping in the last decade. Photogrammetric techniques provide 
the important advantage to provide high-quality imagery that is very useful for the 
establishment of landslide susceptibilities (photointerpretation). 

• Features collected from stereomodels are three-dimensional georeferenced 
information. 

• Use of historical flights can increment the historical record of the processes. These 
images can provide information with metric quality even in the case of old 
photogrammetric missions. The quality of metric information will depend on the 
characteristics and the available information of the flight and the proper 



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

138 

mathematical model employed to reduce systematic errors. This information is very 
useful in the analysis of the evolution of the conditioning factors and processes. 
Anyway obtaining effective ground control for exterior orientation can be extremely 
difficult if changes in landscape are large. A dense and adequate ground control 
network (both control and check points) is essential if selfcalibration with additional 
parameters model is used. Extrapolation of results of the AP´s model outside the 
limits of the control networks (even in the same stereomodel) is not allowable. 

Present and future work lines in the FODISPIL project are the use of last generation aerial 
sensors (LIDAR systems for DEM generation and digital cameras for high resolution imagery 
-0.1m GSD-) as well as the use of terrestrial systems (both terrestrial laser scanners and close 
range imagery) in order to obtain detailed surveying of landslide that at present are active. 
Further analysis on the use of historical photographs and evaluation of of selfcalibration and 
additional parameters models are also being carried out. 
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