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ABSTRACT: 

The Spanish glaciers (the Pyrenees, Sierra Nevada “Corral del Veleta”), as with the glaciers in the rest of the world, have been 
losing surface area and volume since the beginning of the 20 th century. 

While there are numerous studies of the Alpine glaciers, there isn’t even an approximate cartography or small scale of the 
glaciers (white or rocks) in Spain, much less an exhaustive relative analysis of their dynamics. 

The particularity of the rocks glaciers is their sensibility to environmental changes. By means of the analysis of their dynamics, 
the influence of possible climatic change can be known. This was carried out by a group of researchers in 1991, by studying the 
dynamics of the rock glacier of the Argualas (in the Central Pyrenees). Since then, six geodetics observations have been made, 
evaluating its dynamics with a precision of ± 4 cm, correlating the movements with different climatic parameters (precipitation and 
temperature). In 2000, photogrammetrics procedures were applied, obtaining the position of the “control points” by means of 
predictive techniques and detailed cartography for the rock glacier in the Argualas with a semi-metric camera. 

In 2001, these study techniques were implemented in the southern most glacier in Europe: “Corral del Veleta”. Four field 
expeditions have been made there, (2001, 2002, 2003 and 2004) employing geodetics techniques to analyse its dynamic and calculate 
the coordinates of the “control points” using photogrammetry. In this way, the glacier has been mapped in detail, superimposing the 
dynamics of the “control points” in different expeditions. 

In order to do cartography of the glaciers, conventional photogrammetry (metric camera and normal shots) wasn’t employed. 
Instead, cheaper methods of great precision were turned to: semi-metric camera, and photographs of “close range” objects. In the 
case of the Argualas, a helicopter was used to transport scientific equipment used to take the photographs, realizing shots with 
convergent inclined geometry and later the “WorkStation Digital Close Range” program was used. In the case of Veleta, the shots 
were taken from the vertical of the glacier, given that the Veleta peak forms a cut of 250m above the glacier of the same name. The 
geometry was almost normal, obtaining cartography by means of a top grade analytical stereoplotter. 

Another important aspect to take into account is the quality of the cartography. In those cases in which it is necessary to use 
cartography produced by other cartographic organisms at a different scale (1/10.000; 1/25.000 ;…) it is necessary to know its quality 
in order to obtain correct results.  In these cases we propose the use of accuracy standards such as the NSSDA. 
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1.  INTRODUCTION 

A rock glacier is a mass of rubble with interstice ice that flows on a slope or in the bottom of a valley 
characterized in its exterior by grooves, arches, cords and lobes, and an abrupt front in which fine materials crop out. 

In general, rock glaciers are generated in high mountain environments that respond to precise environmental 
conditions, such as median air temperatures inferior to -1ºC and precipitations of less than 2500 mm (Serrano, et al. 
1995). For a glacier to form it is necessary that the snowfall is greater than the snow melt, and this occurs when there 
are large snowfalls and low temperatures that allow it to be preserved. If stone rubble also exists in the thick walls that 
surround the glacier where ice accumulates, then a rock glacier will be formed. 

Extensive documentation of some alpine glaciers exists, many analyzing their dynamics and others their 
cartography. This isn’t the case in Spain, in spite of having active glaciers (white and rock) nearer to the equator of the 
European continent. Presently, small scale cartography isn’t available, nor is the value of their dynamics. However, 
exceptions do exist, given that since 1991 (directed by the geographer Enrique Serrano Cañadas – University of 
Valladolid) the behavior of the Argualas rock glacier (central Pyrenees) has been under investigation and since 2001 
(directed by geographer Antonio Gómez Ortiz – University of Barcelona) the dynamic of the Corral del Veleta rock 
glacier (Sierra Nevada) has also been under investigation. 
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2.  DETAILS OF THE ARGUALAS AND CORRAL DEL VELETA ROCK GLACIER 

At the present time, the large glaciers in the Pyrenees and Sierra Nevada have been mere testimonies of the 
importance that they had in other epochs. These glaciers are hidden in the tops of the valleys, with units that barely 
exceed a dozen hectors of ice and with a maximum thickness of 20m. 

In the central Spanish Pyrenees thirteen rock glaciers have been located and in Sierra Nevada only the rock 
glacier of Corral Veleta exists (Figure 1). 

     
1.  Cerrez 5.  Grande Fache   9.  Posets 
2.  Argualas 6.  Bastampé 10.  Alba 
3.  Norte Cambalés 7.  Guerreys 11.  La Maladeta 

13. Norte Besiberri 
 

4.  Cambalés 8.  Los Gemelos 12.  Noroeste Besiberri     Corral del Veleta (Sierra Nevada)  

Figure 1: Active rock glaciers of the Pyrenees (Serrano and Agudo, 1997) and Sierra Nevada (Map 1/1,000,000 IGN) 

The characteristics of the rock glaciers analyzed (Argualas and Corral de Veleta) are the following: 

• Argualas rock glacier: It is oriented to the northwest and located at the base of the mountain mass of the 
Argualas (3032 m) with a drop of the large walls that surrounds it at 300 m. The extensions of the glacier 
are 750 m in length by 400 m in width and the front has a slope of 25 m and a 42º pitch where fine 
materials crop out. The geophysical drillings that were done on the glacier have shown a superficial layer 
of stones between 2 m and 4m and below that a layer of permafrost between 10 m (border) and 20 m 
(center) (Fabre et al., 1995) (Figure 2). 

      
Figure 2: General views of the Argualas rock glacier (Pyrenees) and the Corral del Veleta rock glacier (Sierra Nevada). 

• Corral del Veleta rock glacier: This glacier has a longitude of approximately 600 m by 200 m width (Figure 
2). The glacier is oriented to the northwest and is bordered on the south by the vertical wall (300 m) of 
Veleta Peak (3396 m). The Corral del Veleta is formed by a combination of forms of glacier and periglacier 
origins between which small moraine forms stand out. At the present time, The Corral del Veleta maintains 
profound permafrost of varying thickness in a continuous process of degradation (Gómez, et al., 2003). 
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3.  GEOMATIC TECHNIQUES FOR ROCK GLACIER STUDY 

Geomatic techniques (geodesy, GPS and photogrammetry) applied to the study of these glaciers (Argualas and 
Veleta) have focused in two directions: 

• Techniques applied to the precise determination of the dynamic: Active rock glaciers are displaced very 
slowly and their dynamics are not equal over the whole surface (for example: the frontal-central zone has a 
higher dynamic) and for this reason more precise techniques (geodesy and GPS) should be used, where 
stable elements (rods) are seen to be located on the glacier. 

• Techniques applied to the securing of detailed cartography: In order to represent forms (grooves, arches…) 
of the glacier, it is necessary to have a wide variety of information (photographs) available. For this reason, 
we can look for cartographic representations by means of photogrammetric techniques. The precision of 
photogrammetry is worse than that obtained by geodesic techniques or GPS, given that you depend on the 
coordinates supplied by the latter to determine the positions of the “control points” and to this error, we 
must add those typical to photogrammetric restitution. 

While geodesy and GPS are used every year to calculate displacement (direction and magnitude) of the 
glacier, photogrammetry is only used in five year periods to compare morphological variations of the glacier. 

3.1.  GEODESY 

Using classic geodesy (theodolite precision, total station) angular observation and distanciometrics can be 
made. In order to achieve this it is necessary to use: observation stations, reference signs and aiming elements. 

For the auscultations of precision, as in our case it is necessary to use high quality instruments (telescopic 
amplification, sensitivity of levels, angular value and error in distance). With respect to the angular value instruments 
should be used with angular measurements of the limbs (horizontal and vertical) equal to or less that 10 

cc and with error 
in distance equal to or less than 2 mm ± 2 ppm (Figure 3). 

Both in the angular measurements and in the distances there should be an abundance of information in order to 
obtain statistical data. The coordinates of the rods are determined by using computer topographical programs. When the 
calculations of the position of the rods are made with several observations spaced out over time, the direction and 
magnitude of the displacement in each rod can be calculated by of the increase in coordinates. 

     
Figure 3: Total station and GPS, both located at the base of the reference. 

3.2.  GLOBAL POSITIONING SYSTEM 

Global Positioning System is based on a minimum constellation of 24 active artificial satellites, so that in 
optimal conditions, a minimum coverage is assured of four visible satellites above the horizon of the site at any given 
moment in time during the entire year. 

The minimum imposition of four satellites is necessary in order to calculate the position of the receptor, given 
that the four unknown values are coordinates of the point (X,Y, and Z) and time (t). The value of the precision in the 
calculation of the position of the receptor will depend on the geometry the satellites form (the acceptable values of the 
GDOP are between 1 and 8). 

The satellite technique employed in the study of glaciers has been “differential” positioning, which consists of 
at least two receptors simultaneously measuring a determined base-line (vector that connects the position of the 
receptors) (Figure 3). With this method of operation a large part of the errors that affect one of the receptors also affect 
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equally the other receptor. If you look at the coordinates of one of them above a point of known coordinates (reference 
station) you can calculate the position of the second receptor with respect to the first with great relative exactness 
(although absolute exactness will be of metric order). Therefore, the corrections that are applied to each of the 
determined distances to the satellites in the fixed receptor will be the same corrections to apply to the mobile receptor. 

The processing of the information can be done in real time using the transmission of the correction by radio-
modem (RTK) or in the post processing once the data has been taken. If the post processing technique offers greater 
precision (millimeters), the time of observation for each point should be greater and there is no guarantee of the 
resolution of ambiguity. On the other hand, using RTK, you obtain an instantaneous visualization of the results and the 
estimated exactness is known a priori at each point. Using RTK, the exactness obtained is in ± 3 cm for the horizontal 
component and ± 4 cm in the vertical. 

3.3.  PHOTOGRAMMETRY 

In order to apply the photogrammetric technique, at least two different photographs of the same object are 
necessary. With the photogrammetric technique it is possible to transform bi-dimensional photographic information into 
tri-dimensional (X,Y,Z) information of the photographed object. 

The photographs can be aerial or land, based on the positions of the point of shooting. That is, if the 
photographs are taken from an airplane with a photogrammetric camera, then we are speaking of aerial photogrammetry 
(Figure 4). But, if the photographs are made from a stable site (i.e. a tripod) located on the ground (Figure 4), then we 
are dealing with terrestrial photogrammetry. 

     
Figure 4: Airplane and photogrammetric camera (Leica RC30). Terrestrial photogrammetric camera on a glacier (Rollei 6008). 

Geometric differences exist between the aerial photographs and the land photographs. In other words, while 
the aerial photographs have a geometry that is, in general “normal” with recoverings of 60% and errors of verticality of 
the shots inferior to 3 

g, in terrestrial photogrammetry the geometry of the shots would be: “normal” using bi-cameras, 
“inclined” and “convergent”. 

For the concrete study of rock glaciers, terrestrial photogrammetry has been used for the economic savings of 
not using an airplane for flight photogrammetry. 

On the other hand, analytical or digital stereoplotters can also be used. For cartographic production by means 
of normal shots analytical (vectorial) restitution has been employed. The errors involved are quantified in (Ferrer and 
Piña, 2000): 

• Planimetric Error: mF eE ⋅⋅ 2  

• Altimetric Error: mF e
b
fE ⋅⋅  

Given that: 

=me  Value between 0.01 mm and 0.02 mm and in function of the quality of image, precision of restitution... 

Digital restitution was employed for the convergent and inclined photographs, using the “Close Range Digital 
Workstation” program (CDW). For digital restitution the value of pe ⋅= 6.0  is established as average error of the 
identification of points for automatic correlation, p being the pixel size (Ferrer and Piña, 2000). 

On the other hand, the advantages of land photogrammetry with respect to geodesy and GPS are: 
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• The collection of photographic information is quicker, supposing a savings of time. 

• Obtaining the photograph of complete and continuous representation of the object, making it possible to 
take a infinite number of measurements in the office. 

The major inconvenience of photogrammetry is the dependence on the coordinates of the “control points” 
provided by geodesy or GPS. 

4.  AUSCULTACIÓN OF THE GLACIER DYNAMICS 

Geodesic techniques that were developed for the control of deformations of walls o buildings are the same that 
are employed for the dynamic control of glaciers (Sanjosé 2001). Over time the GPS technique has additionally been 
employed, which serves to check the geodesic results. 

4.1.  DYNAMIC OF THE ARGUALAS ROCK GLACIER 

The calculation of the dynamic of the Argualas rock glacier has been being realized since 1991, applying the 
geodesic study for locating with great precision certain elements (rods) and compare their successive positions (X,Y,Z) 
over time. The geodesic campaigns have been conducted in the years: 1991, 1993, 1994, 1995, 1998 and 2000. The 
ideal situation would have been an annual observation, but for economic (lack of funding) and climatic (poor 
atmospheric conditions) reasons this was impossible. 

The developed topographic technique used to calculate the dynamic of the glacier was the direct intersection 
(angular and distances) and in 2000 GPS was also employed. This method, and its “differential” pos processing 
application hasn’t rendered favorable results, due to the “multipath” effect of the satellite signals over the walls of the 
glacier. 

In order to perform the geodesic study of the rods (1991 – 2000) the following elements were prepared: 

• Three stable stations (nails) on the top of the thick situated to the east of the glacier. 

• Three stable references (nails). From each station two references can be observed. 

• Fourteen rods of 1.20 m are stuck into the glacier, and 2 nails are situated on a stone of large dimensions. 
The movement of these rods is in agreement with the dynamic of the glacier. 

The calculation techniques (angular and distance intersection) have been resolved with a topographical 
computer program (TCP-IT) showing similar values. If the collection of information contained errors, it would support 
its results, but if this doesn’t happen, the distinct cases of error should always be below that of a tolerance of ± 4 cm 
(Sanjosé, 2003). 
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Figure 5: Glacier dynamic of las Argualas (1991 – 2000) (Sanjosé and Lerma, 2001). 

The dynamic behavior of all the rods isn’t the same, which is logical given that it depends on its location on 
the glacier (Figure 5). During the 1990’s the planimetric dynamic on the front of the glacier was approximately 1 meter 
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more than that of its backside. The altimetric dynamic was practically the same in the principal block of the glacier, 
showing a sinking of between -1.50 m and -1.80 m. 

4.2.  DYNAMIC OF THE CORRAL DEL VELETA ROCK GLACIER 

During the years of 2001, 2002, 2003 and 2004 geodesic and satellite campaigns were carried out on the 
Corral del Veleta glacier. The only observation station has been located on the inactive moraine lateral of the glacier. In 
2001 fourteen rods (rock glacier, muddy outflow) were placed and later in 2002, another 21 rods were added. In figure 
6, only the rods located on the rock glacier are represented and they were measured for three years. 

The geodesic observations have two independent series, so that the difference of coordinates among them is 
less than 3 cm. This result was compared with the GPS coordinates with their differences being less than the 3 cm 
tolerance in planimetry and 4 cm in altimetry. 

When a “serie” of data was finalized and the results of the GPS showed values superior the 4 cm in a particular 
rod, we went on to perform the process of “reocupation”1. This difference in results (generally exaggerate) could be 
attributed to the “multipath” effect when the satellite signal bounces off the walls of the glacier. 
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Figure 6: Photograph of the glacier taken from “Veleta Peak”. Dynamic (cm) of the Veleta glacier (2001 – 2003). 

The most significant aspect of the dynamic behavior of this glacier is that its altimetric displacement (sinking) 
is greater that its planimetric displacement. This is due to its location prior to becoming a “fossil” glacier. 

5.  CARTOGRAPHING ROCKS GLACIERS 

In general, the only cartography in existence in which these glaciers (Argualas and Veleta) appear is that which 
was realized by the Instituto Geográfico Nacional (I.G.N) with a scale of 1/50,000 or 1/25,000. It is easy to understand 
that this type of cartography isn’t appropriate to perform detailed studies (topographic, geomorphologic…) of glaciers. 
Therefore, a specially made cartographic production must be produced, using a larger scale (1/2,000, 1/1,000 or even 
1/500). 

This cartographic production was realized using photogrammetric techniques, and to lower costs, we resorted 
to “close range” terrestrial photogrammetry. 

5.1.  CARTOGRAPHY OF THE ARGUALAS ROCK GLACIER 

As was explained in section 4.1., in 1991 rods were placed for geodesic control. Also, in 2000, new rods were 
situated for the development of photogrametric technology. While the geodesic rods are distributed throughout the 
entire glacier in order to collect all possible movements of the glacier, the photogrammetric rods or “control point” rods 
have been limited to the area of a big rock (8 meters in diameter). This difference is because it wasn’t realistic to do a 
photogrammetric analysis of the entire glacier. 

The only photogrammetric observation of the Argualas glacier was made in 2000. The 10 visible “control 
points” in the photographs are coordinated by means of geodesic measurements (figure 7). Nine convergent and 
inclined photographs were made from a helicopter that flew around the study area. 

The restitution of the points were made with the “close range” CDW photogrammetric program, where 250 
points were obtained with tri-dimensional coordinates and with errors inferior to 10 cm. Afterwards, these points were 
used to map the glacier zone with a scale of 1/500 (Figure 8). 

 
                                                                 
1 Reocupation: Observation of the same point at different conditions (i.e. one hour after the 1st observation). 
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Figure 7: Design of a sign and position of a photograph. 

With the idea of using the CDW program in future projects, a study was made of the residuals of different 
projects (combining photographs and control points) of the Argualas glacier: The results of these projects were 
analyzed using as parameters: geometric positions of the cameras, number of photographs, number of control points and 
its distribution: 

• Geometry: The photographic shots should have significant intersection angles. With small angles the 
program doesn’t render good results. 

• Number of photographs: The CDW program requires a minimum of three photographs. It is preferable to 
use a small number of well distributed photographs rather than many photographs. With a great number of 
photographs, around 7 or more, the work becomes arduous and the precision isn’t improved much. 

• Number of control points: For the orientation of the photographs it is necessary to have at least 10 
homologous points in all the photographs. Although these points don’t have to coincide with the control 
points, it is ideal if they do. 

10 m

Equidistance curves: 0,5 m

Approximately

Origin angle

 
Figure 8: Cartography of the Argualas rock glacier (Map turned 180 º in respect to figure 5). 

In the future, 2005 or 2010, a new map will be produced and compared with the present one. In this way the 
geomorphologics variations and the volumetric suffered by the glacier will be tested. 
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5.2.  CARTOGRAPHY OF THE CORRAL DEL VELETA ROCK GLACIER 

For the cartographic production of the Corral del Veleta glacier, photographs were taken from the Veleta peak. 
This peak has an “almost” vertical cut with respect to the glacier; therefore we tried to take the photographs parallel and 
perpendicular to the photogrammetric base. 

 

 

 

 

 

 

 

 

Table 1: Comparison of the coordinates of the same “control points” using geodesic techniques. 

In this case, a high quality analytic restorer (SD 2000, Leica) was used for the photogrammetric restitution. In 
order to obtain the absolute orientation of the “control points”, coordinates geodesic techniques and GPS were used 
(equal to the calculation of the glacier dynamic) (Figure 7). The photogrammetric orientation process has a final error 
of 15 cm (figure 9) in the absolute orientation. 

To check the orientation, the “control points” that weren’t employed in the absolute orientation were 
reestablished obtaining differences inferior to 15 cm (Table 1).  Observing this table, one can see that there are GPS 
points (1 and 2) with intolerable errors in altimetry, possibly motivated by the multi path effect. There are other points 
(12 and 13) that can’t be seen because they are very close to the wall of the glacier and the GDOP was superior to the 
value of 8. For the rest of the points, the difference between the coordinates of the geodesy and GPS were shown to be 
less than 3 cm. 

 
Figure 9: Cartography of the Corral del Veleta rock glacier. 

6.  QUALITY IN CARTOGRAPHY 

Speaking of quality in general, we are referring to “properties or groups of properties inherent to something 
that permits us to value it as equal, better or worse than the rest of the class” (Ariza, 2002). In the case of mountain 
cartography for the study of glaciers, there are certain qualities that differ from the rest: it is a very specific product, it is 
obtained in difficult working conditions, the scale must be adequate for the completion of the study,… 

 TOTAL STATION GPS PHOTOGRAMMETRY 

Point X Y Z X Y Z X Y Z 

1 183.148 539.921 81.413 183.141 539.929 81.058 183.109 539,972 81,514 
2 178.731 556.217 84.109 178.729 556.218 83.734 178.819 556,229 84,201 
3 193.984 550.957 85.807 193.973 550.971 85.828 193.984 550,957 85,791 

5 218.055 568.805 98.015 218.060 568.797 98.022 218.055 568,708 98,015 

11 236.047 461.840 66.415 236.053 461.853 66.378 236.047 461,824 66,415 
12 250.203 463.899 74.570 No data 250.238 463.899 74.575 

13 267.594 475.780 82.765 No data 267.592 475.677 82.667 
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On some occasions, for economic reasons, it isn’t possible to have a specific cartography to complete the 
study. In these cases it is necessary to depend on existing cartography realized by other institutions (i.e. 1/25.000 
cartography from IGN. or 1/10.000 from ICA., ICC,...).  In order to use this cartography adequately, its quality must be 
known. 

Although numerous discrepancies exist in the moment of defining the characteristics or components of the 
quality of the geographical data, the specialized scientific community (NCDCDS, 1989; USGS, 1994; Morrison, 1995), 
consider that there are six basic components of quality in geographical data: 

• Positional accuracy: This refers to the proximity between the given coordinates and the real coordinates. 

• Attribute accuracy: Similar to the previous, but referring to the value of the attribute of the geographical 
element. Greater diversity exists because the attributes can be categorical or numeric, and that the time 
factor affects with a greater dynamic. 

• Temporal accuracy: This refers to the acquisition of the data of the Geographic Data Base (GDB) the 
concrete analysis, in particular the most usual exception is the recentness of the data. The temporal aspect 
is fundamental in the representation of numerous special data (environment, evolution of techno-
structures,…). 

• Logical consistency: This refers to the rules of logic that must be met by the structure of the data, its 
attributes and its physical format. An example of this in a topological structure is that the lines must begin 
and end in nodes, the intersections of the lines nodes,… 

• Completion: Measure how complete the GDB is. The presence of all objects in the real world in our model 
will depend on the selection of the themes and the rules of generalization. The legend must be complete 
and without foreign elements, that must be adequate for its capture. 

• Genealogy or linage: This fundamentally refers to the sources, process of capture, methods of analysis, 
systems of reference, parameters of transformation of projection, resolution of  data,… 

In the case of specific mountain cartography applied to the study of glaciers, the temporal, thematic and 
positional accuracies are the most important. So, from the point of view of positional quality in topographic maps, 
diverse test statistics exist that allow us to follow the positional accuracy (X,Y) and/or (Z) on the map. If we must take 
into account 3 components for the correct control of the positional accuracy, then the differential action of the altimetry 
must be known. This has traditionally been represented in a different way (using level curves), and for this reason the 
altimetric localization of elements was done by interpolation, the admissible tolerance being in function of the distance 
between level curves, and this in turn was the function of the scale. Nowadays, in the case of digital cartography, it is 
possible to measure the altimetric component (DME) directly by analytical form. Another important aspect is that the 
methods used for the obtaining of the altimetric data on land, provide a series of substantially different errors from 
those typical of the planimetric component. 

All of the tests used are based on the comparison of the map (GDB) with the Source of Greater Accuracy 
(SGA). This could be a map with greater accuracy (cartography with a significantly superior scale and/or greater 
positional quality contrasted previously), or perhaps the data taken on land with an accuracy superior to the cartography 
being analyzed (a source 3 times more accurate than the product to be contrasted is recommended). In this last aspect, 
the use of the current GPS reduces the costs considerably in this phase of the process. 

The errors of a GDB not only affect the cartography itself, but also any information derived from it. The 
transmission of the error occurs in the typical processes of cartographic production and also in that of the cartographic 
modeling. So, a cascade (snowball) effect is produced where the errors of a GDB are set out and combine in an 
uncontrolled way in SIG operations (Ariza, 2002). Since the initial values always have some error, it is very important 
to know how it is transmitted. So, in the case of studies on climatic changes based, among other things, on the behavior 
of glaciers, great precaution should be taken in propagation of error. 

6.1.  CONTROL STANDARDS OF POSITIONAL QUALITY 

If the model is correct but the data introduced into the model aren’t, the results will be incorrect. For this 
reason, we now present some of the most used control standards of positional cartographic quality: NMAS and 
NSSDA. 

6.1.1.  NMAS - National Map Accuracy Standard 

The NMAS (USBB, 1947) is the standard that has been employed by the ESGS since 1947, for this reason it 
has been used by a lot of institutions and official organizations dedicated to cartography. The process for its application 
is: 



 

 10

• Select a sample on the map of at least 20 points of easy determination. 

• Determine the coordinates of the points on the map. 

• Obtain the coordinates of the same points on a Source of Greater Accuracy (SGA). One possible SGA 
could be, as has been demonstrated, the GPS system (Atkinson, 2003). 

• Determine if you have reached the standard of predefined horizontal accuracy. In the case of the USGS the 
standard indicates that: 

o For cartography of a scale greater than 1/20,000: a maximum of 10% of the sample points can have a 
horizontal error greater than 1/30 of an inch (0.846 mm). 

o For cartography with a scale of less than 1/20,000: a maximum of 10% of the sample points can have a 
horizontal error of greater than 1/50 of an inch (0.508 mm). 

The error is defined as the difference between the positions of the points on the map and the source of 
greater accuracy. 

• Determine if you have met the predefined vertical accuracy. In the case of the USGS, the standard indicates 
that a maximum of 10% of the sample points can have a vertical error of half the interval of the level 
curves. The error in the vertical dimension can be corrected by modifying the position of the points in a 
quantity equal to the acceptable horizontal error. 

6.1.2. NSSDA - National Standard for Spatial Data Accuracy 

The U.S. federal agencies that perform production of analogical and/or digital cartographic data must meet the 
standards of the FGDC in agreement with the NSSDA standard (FGDC, 1998).The process for its application is: 

• Select a sample of at least 20 perfectly defined points on the GDB and the SGA 

• Detect the previous errors of inconsistency, sign,… 

• Calculate the RMSEx for the component X, and of the analogical form for component Y, according to: 

xi

n

i
X en

RMSE ∑
=

=
1

21

 
Where: 

RMSEX : Root mean square error in X. 
n: Number of points on the sample. 
exi : Error in the component X  for the point i 

• Calculate the RMSEr for the positional component XY according to: 

22
YXr RMSERMSERMSE +=  

• Calculate the coefficient of positional accuracy of a 95% of level of confidence on two options: 

a)  If RMSEx = RMSEy, use the equation: 

YXr

YXr

RMSERMSERMSE
RMSERMSERMSE

⋅=⋅=

⋅=⋅=

4142.14142.1
22 22

 

It is assumed that the systematic errors have been eliminated in the best way possible and that the errors 
are distributed in a Normal and independent form between X and Y. So the factor of 2.4477 is the one 
that should be employed to calculate the horizontal accuracy at 95% of the level of confidence 
(Greenwalt and Schultz, 1968). When these conditions are met, the value of the accuracy in agreement 
to the NSSDA is obtained by using the equation: 

4142.1
4477.2

4477.24477.2

X
r

YXr

RMSEAccuracy

RMSERMSEAccuracy
⋅

=

⋅⋅=
 

rr RMSEAccuracy ⋅= 7308.1  
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b)  If RMSEx ≠ RMSEy, use the equation: 

If the errors are distributed in a Normal and independent form between X and Y, the value of the 
accuracy in agreement to the NSSDA can be approximated using the following equation: 

( )YXr RMSERMSEAccuracy +⋅⋅≈ 5.04477.2  

( )YXr RMSERMSEAccuracy +⋅= 22385.1  

• Calculate the RMSEz for the component Z in the same form. 

• Calculate the coefficient of positional accuracy at a 95% of confidence for the component Z: 

ZZ RMSEAccuracy ⋅= 96.1  

• Together with the legend of the map, the following text must appear: 

“Tested ____ (meters, feet) horizontal accuracy at 95% confidence level”      and/or 
“Tested ____ (meters, feet) vertical accuracy at 95% confidence level” 

The major advantage that the standard offers isn’t that it tells us if the map is acceptable or not, just as the 
other standards do (NMAS, EMAS, ASPRS,…), but that it offers us an index of quality of the cartography in real units 
on the ground. In this case, the user of the cartography is responsible for establishing the limits of acceptation in 
function with his needs. The data offered by NSSDA must appear together with the information included with the map. 
However, the standard itself offers a series of recommendations of the admissible error in function of the type of 
cartography and its scale and, as an example, table 2 is presented (FGDC, 1998; FGDC, 2002). 
 

Feature Position Tolerance 
Project or Activity Map Scale 

Horizontal Vertical 
Contour 
Interval 

General Construction Site Plans & Specs: 
Feature & Topographic Detail Plans 1/500 100 mm 50 mm 250 mm 

General Location Maps for Master Planning 
AM/FM and GIS Features 1/5,000 1,000 mm 1,000 mm 1,000 mm 

Grading and Excavation Plans Roads, 
Drainage, Curb, Gutter etc. 1/500 250 mm 100 mm 500 mm 

Emergency Services Maps / GIS 
Military Police, Crime/Accident Locations, 1/10,000 25,000 mm N/P N/P 

Locks, Dams, & Control Structures 
Detail Design Drawings 1/500 25 mm 10 mm 250 mm 

Table 2: Recommendations of accuracy in function of the type of map. 

6.2.  APPLICATION OF MOOUNTAIN CARTOGRAPHY: DYNAMIC GLACIERS 

The biggest problem that we encounter when dealing with the production of a quality control in this type of 
cartography, is the cartography itself: performed on land difficult to access, with few identifiable points,… It is 
fundamental to know the accuracy with which the data that feed our model were obtained. So, if we want to analyze the 
morphology of the glacier, we must know the errors committed in measuring the displacement on the rods. At this 
moment, we know that the errors in measurement of the rods are ± 4 cm. In the same way, if we want to work with 
cartography obtained by photogrammmetry, we know the error in the obtaining of the MDE is 10 cm. 

However, if we want to perform a control of accuracy type NSSDA positional accuracy on the cartography, 
one possibility would be to use the points of the rods as control points for the standard. Given that we don’t possess 
points that we can identify in XY, we would have to use only the component Z in the analysis. This technique would be 
applicable for the data taken in the same field campaign on the Veleta glacier because: 

• We need 4 control points if we use the analytical restorer (SD2000) or 10 if we use CDW. 

• We have a total of 35 signs available with GPS coordinates, of which we have 25 independent points to 
perform the DME control. 

In this way we can perform a quality control applied to any of the standards analyzed: NMAS, NSSDA,… 
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7.  CONCLUSIONS 

We have been able to observe the different geomatic techniques applied to the obtaining of cartography and 
the study of rock glaciers: 

• Geodesy: Gives control points and quantifies the displacements in XYZ of a series of discreet points 
situated on the glacier with errors of ± 2 m. 

• GPS: Gives control points and quantifies the displacements in XYZ of a series of discreet points situated on 
the glacier with errors of ± 4 cm. 

• Photogrammmetry: Is used mainly to obtain specific cartography of the glacier. In this way we have a 
continuous model of study available. The magnitude of error is conditioned by: the focal distance, scale of 
the photograph, photographic base, restorer employed,… 

However, if we want to apply these results to multidisciplinary studies (i.e. climatic studies), it is important to 
consider said errors to analyze their propagation throughout study model. All the errors have been quantified at 95% of 
the level of confidence (1-α = 0.95) and also, the quality has been checked by the alternate technological methodology 
employed (geodesy and GPS). In this way a guarantee of the work of the cartography can be assured. 

Finally, when the difference in the behaviour of rock glaciers are analyzed, The Argualas (Pyrenees) behaves 
very much like the alpine glaciers. On the other hand, the Veleta glacier (Sierra Nevada) has a greater displacement in 
altimetry than in planimetry because of a loss of volume in the glacier. It is probable that this is due to elevated 
temperatures in the region in the summer  epoch (40 ºC). 
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