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Abstract: In cooperation between remote sensing experts and cartographers interested in glaciology new types 
of maps showing the glacier dynamics have been developed. The map make use of the original phase gradient 
approach to glacier rheology modelling based on repeat-pass ERTS SAR interferograms. Careful map design 
and, in particular, colour assignment allow the visualization of the glacier dynamics in its locally changing 
velocity with an estimated accuracy of approx. 2.0 cm per day. In fact, two map derivates, a differential 
interferogram showing the glacier velocity and another product displaying the glacier strain rate, have been 
designed. Moreover, maps displaying the glacier marginal changes within four years have generated. The strain 
rate maps evidenced that spots with high values frequently correspond with crevasse-prone areas which can 
even be detected under thick layers of snow. In this sense, the latter visualizations can be seen as a sort of maps 
of crevasse-danger zones. The Svartisen Ice Caps in Norway and the Hintereis Glacier in Austria served as 
testbeds for the development of these different types of maps which are at the scales of 1:25 000, 1:50 000 and 
1:100 000. 
 
Keywords: Thematic Cartography, Glacier Mapping, Glacier Motion, Glacier Rheology, Differential SAR 
Interferometry, Crevasse-Danger Map, Svartisen Ice Caps, Hintereis Glacier 
 

 
INTRODUCTION 
 
For many years the mapping and the cartographic representation of glaciers and their dynamics has been a major 
research topic of the prime author (e.g. Buchroithner and Kostka 1986, Buchroithner et al. 2006) and his team at 
the Institute for Cartography of the Dresden University of Technology (e.g. Bolch 2006, Winter 2000). This lead 
to the cooperation between remote sensing glaciologists and cartographers described in the next subsection, 
following the suggestions already formulated by Kääb 1998 and later by Kääb et al. 2003. Apart from a short 
mention in a paper by Sharov and Etzold (2004), so far the challenging and tricky cartographic work as such has 
never been published. Since the maps treated here can also be regarded as a sort of “safety maps” displaying 
crevasse-prone sites, it seems  appropriate to make these map products known to the cartographic community. 
 
Project Framework and Test Areas 
 

Within the framework of the EU-funded OMEGA Project (Development of Operational Monitoring System for 
European Glacial Areas – Synthesis of Earth Observation Data of the Present, the Past and the Future) new 
methods for SAR-based research of glacier dynamics have been developed by the Institute of Digital Image 
Processing of Joanneum Research in Graz, Austria. The optimised cartographic depiction of these rheological 
characteristics turned out to be a challenge in map design. The maps had to present both the results of the data 
analysis and the scientific background of the newly developed INSAR algorithms. In this sense, actually new 
types of glacier maps have been designed. It concerns maps displaying three different aspects of glacier 
rheology, the validity and usefulness of which has been demonstrated for the two OMEGA test areas Svartisen 
Ice Cap (Isen in Norwegian menas ice, glacier) in northern Norway and Hintereisferner (Ferner in the Tyrolian 
dialect means glacier) in the Ötztal Alps of Austria. 



BUCHROITHNER, WALTHER: DEVELOPMENT OF NEW TYPES OF GLACIER DYNAMICS MAPS 

INPUT DATA 
 
Topographic Basis 
 
Since both test areas are located in cartographically well covered countries, the acquisition and the usage rights 
for the topo-maps were unproblematic. For both the Norwegian and the Austrian glaciers we used topographic 
map sheets at a scale of 1:50 000 with the positions of the glacier termini dating from 1997 and 2000 for the 
Svartisen Area and from 1998 for the Hintereis Glacier. Additionally, the OMEGA Project Management 
provided a DTM with 25 meters cell-size for Svartisen, which permitted the interpolation of appropriate 
elevation contours, and digital 50-m elevation lines of the Hintereisferner generated at the University of 
Innsbruck, group of Prof. H. Rott.  
 
 
Thematic Data 
 
The depictable thematic information is based on the rheological data derived from various satellite missions, in 
particular radar missions. The DINSAR and GINSAR approaches developed at Joanneum Research in Graz and 
the processing of the radar data have been widely published elsewhere (Sharov and Gutjahr, 2002, Sharov, 
Gutjahr, Meyer and Schardt 2002, Sharov, Gutjahr and Pellikka 2003, Sharov and Etzold 2004, Sharov, 
Glazovskiy and Meyer 2003) and are not subject of this paper. However, since the spaceborne interferometric 
SAR data and the corresponding satellite image data had, at least partially, to be cartographic-ally  presented, 
they are listed below: 
 
Svartisen: 
 
ERS1/ERS2 Interferogram from 16/17-03-1996 
ERS1/ERS2 Interferogram from 28/29-03-1996 
ERS1/ERS2 Interferogram from 01/02-04-1996 
TERRA/ASTER L1B from 24-06-2001 for the glacier outline 
Landsat TM panchrom from 23-08-2002 for the glacier outline 
Hintereisferner: 
 
ERS1/ERS2 Interferogram from 10/11-01-1996 
ERS1/ERS2 Interferogram from 14/15-02-1996 
ERS1/ERS2 Interferogram from 05/06-04-1996 
Landsat TM from 01-10-2002 for the glacier outline 
 
Furthermore, appropriate material for the location sketch-maps has been searched from vari-ous Internet sources. 
For the colour definition the Farbwertebuch Europa-Skala was applied. Since, apart from the symbol size, the 
colouring/tinting strongly determines the cartographic quality of a map, decent and yet easily discernible colours 
had to be chosen, a task which required a lot of both experience, consideration, and trial and error.  
 
The entire text describing both topographic as well as thematic aspects had to be kept in English.  
 
 
MAP DESIGN AND CARTOGRAPHIC WORKFLOW 
 
Topographic Basemap 
 

The topographic information, so-to-speak the base map, comprehends mainly information about the relief, the 
glacier margins and the drainage network. In order to keep a high degree of legibility for the thematic 
information, some topographic features had to be omitted. Since the test areas are located in high-mountain 
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terrain, no settlements and traffic lines had to be represented. Some infrastructural objects like the Takeheimen 
Hut and its access path near the Engabreen, the meteorological station of the University of Innsbruck north of the 
Hintereis Glacier, and of course the Austro-Italian border there were included. 
 
Spot heights with elevation numbers were taken from the respective topographic map sheets. All existing 
geographic names were included and spelled like in the respective national topographic maps. 
 
Thematic Map Contents and Titles  
 

Since the titles of the map sheets had to point up both the name of the respective glacier(s) and the thematic 
contents, the headings “Svartisen Ice Caps (Norway) – Glacier Rheology” and “Hintereisferner (Austria) – 
Glacier Rheology” have been chosen. The individual maps contained in one sheet have their own titles. The 
sheet of the Hintereisferner comprehends five maps of identical topographic but different thematic contents. 
Hence, their titles read “EROS Orthoimage Map” (standing for the EROS panchromatic one-meter image 
product stemming from the IKONOS satellite), “Glacier Marginal Changes”, “Glacier Strain Rate”, “Glacier 
Velocity”, and “Original Interferogram”. The two maps covering the Svartisen Ice Caps display on one sheet the 
original “Differential Interferogram” and the “Glacier Velocity” and on the other one the “Glacier Strain Rate” 
and the “Glacier Marginal Changes”. Each of these two sheets shows detailed secondary maps of four particular 
glacier tongues whose names are reflected in their titles “Engabreen”, “Fingerbreen”, “Frukostindenbreen” and 
“Storglom-breen”. (In Norwegian “breen” means glacier.) 
 
Cartographic Workflow 
 

In order to achieve the map products envisaged, a combination of GIS, image processing and desktop mapping 
software has been used. The thematic raster data were processed with ERDAS Imagine 8.4. ESRI’s ARC/Info 
8.1 was used for the provision of the vector data and their combination with the raster data. Since the applied 
version of ARC/Info was not too user-friendly for the labelling of the geographic names, Macromedia Freehand 
10 was used for this task. The export of the geographic names into the Freehand format was carried out by 
Adobe Illustrator 9.0. The major phases of the cartographic technology applied and the software used are shown 
in Figure 1. 
 

      
Figure 1: Cartographic workflow and software used (from Sharow and Etzold 2004).  
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A full description of the map generation, and in particular all the details about the technical realization of the 
digital and paper map versions including the letter font definition and the colour key, are given in the monograph 
by Walther 2004. 
 
 
Maps of Glacier Marginal Changes 
 

The thematic information displayed refers to glaciological phenomena. The maps of the "Glacier Marginal 
Changes" indicate the respective advances and retreats in a four-year time-interval around the year 2000, the 
initial situation stemming from one of the topographic map sheets used, the second one being derived from one 
of the more recent opto-electronic satellite images mentioned above.  
 
Maps of Glacier Strain Rate 
 

The maps of the Glacier Strain Rate represent the along-track and across-track deformation rates of the glaciers 
with respect to the satellite flight path. The deformation rates represent the stress which is building up in the 
glaciers through the varying movement speed and direction of its individual parts. The Strain Rate calculates as 
the difference of two adjacent velocity values through their distance and is indicated by “value per day”. Its data 
base are the GINSAR-derived “topograms” (in the sense of Sharov et al. 2002). Two subsequent “topograms” 
can then be scaled and geometrically registered, thus getting rid of the topographic “phase” (= influence). In 
doing so, one obtains a four-layer “fluxogram”. The complex theory behind this “Gradient Approach” was for 
the first time described in detail by Sharov and Gutjahr 2002, Sharov et al. 2002 as well as Sharov 2003 and later 
by Sharov and  
Etzold 2004 and finally, referring to these previous papers, by Walther 2004. For the sake of completeness it has, 
however, to be mentioned that Nagler and co-authors reported the development of a similar approach at about 
the same time (Nagler et al. 2002). Since the fluxograms only contain the differential movement phases and, 
hence, information about the relative glacier movements, this information can be directly used for the analysis of 
the horizontal deformation rates (Strain Rate). 
 
Neither topograms nor fluxograms are usable for a direct measurement of glacier flow veloci-ties. By integration 
of the pixel values of the fluxograms a so-called “velogram” can be obtained. This raster “image” contains the 
spatial distribution of the absolute values of the horizontal ice velocities, yet without showing the direction of the 
motion (Sharov 2003, Sharov and Etzold 2004). The GINSAR method has been widely tested. Some 30 cases 
were processed using DINSAR and GINSAR approaches. This resulted in satisfying conclusions. The newly 
developed approach is significantly faster and yet of high metric quality. Though it cannot replace a complex 
visualization of glacier dynamics by means of phase unwrapping, it is a good tool for the unsupervised 
monitoring of glacier motions and for mass balance measurements. The total computational effort is lower and 
allows to elude various problems related to the phase unwrapping (Sharov and Etzold 2004). 
 
For our cartographic work we got the first two layers of the input data (in RGB), representing the partial phase 
gradients or their derivatives in azimuth direction (x) and range direction (y) of the ERS satellite tracks. Both the 
Strain Rate in x- as well as in y-direction had to be represented in the maps. (This implies, however, that the 
direction of the ascending or descending flight passes of ERS have to be known by the map users.) By means of 
the models implemented in ERDAS Imagine the values of the two parameters have been transferred into the IHS 
colour space. This conversion was necessary because here, in contrast to the RGB- and CMYK colour-spaces, 
continuous colour changes can be easily calculated and visualized. The IHS colour-space is determined by 
intensity (I), hue (H) and saturation (S). Hue is the subjective name of the colour, e.g. red, yellow, green, blue. 
Intensity is a measure of the brightness of the colour. Saturation (or chroma) is a measure of how much white is 
mixed with the colour. A highly saturated colour has little white, whereas an unsaturated colour has a lot of 
white mixed in (CCRS Glossary of Remote Sensing Terms 2005). 
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For the presentation of the Strain Rate it was decided to arrange the colour range between green, standing for 
stress in y-direction, and red, indicating stress in x-direction. Points with equally big portions of deformation 
rates in x- and y-direction are coloured yellow. The required continuous colour gradient is realized through an 
intersection shaped as a convex circular arc plane through the HIS colour-space. Thus, I, H and S vary in the 
following way: 
 
Intensity: 0.3 – 0.6 out of 0 - 1.0 
Hue: 120 – 240 out of 0 – 360 
Saturation: 0.2 – 1.0 out of 0 – 0.1 
 
The assignment of the respective values leads to pixel matrices containing intensity, hue and saturation. These 
are then put into a three-channel image representing a raster data set which indicates the Strain Rate in both 
azimuth- and range-direction. This data set has finally to be converted into the RGB colour-space in order to be 
adequately visualized (Figure 2). 
 
 

 
Figure 2: Representation of the Glacier Strain Rate using the IHS colour space (from Sharow and Etzold 2004, 

based on Walther 2004). 
 
 
Maps of Glacier Velocity 
 

The Glacier Velocity Maps display the flow rate or flow velocity of the Hintereisferner and the four before-
mentioned glacier tongues of the Svartisen Ice Caps with an estimated accuracy of approx. 2.0 cm per day 
(Sharow et al. 2003). They make use of the “velograms” described in sub-section about the maps of Glacier 
Strain Rate. Similar to those, the grey-values are converted into the IHS- and subsequently into the RGB colour-
space. Here, however, the section through the HIS colour-space has the shape of a spiral, since the intensity is 
supposed to increase with a changing hue. The colours assigned to the velocities are green (slow), yellow and red 
(fast). I, H an S cover the following range of values: 
 
Intensity: 0.6 – 1.0 out of 0 - 1.0 
Hue: 300 – 70 out of 0 – 360 
Saturation: 0.85 out of 0 – 0.1 
 
For a better discrimination of the different velocity ranges, lines of equal velocity, so-called isotachs (or isovels 
or isokinetics) should be integrated. Since the attempts to generate them automatically did not yield satisfying 
results, these velocity isopleths were manually digitised. 
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Maps Showing Original Interferograms 
 

The interferograms processed at Joanneum Research existed as one-layer raster images (Figure 3). They also had 
to be transformed into the HIS colour-space. The initial grey-values were represented by the hue. Intensity and 
saturation were taken as constants. Again, finally a re-conversion into the RGB colour-space had to be 
performed. The end product can be seen in Figure 4. 
 

 
Figure 3: Processed input interferogram.      Figure 4: Interferogram in final RGB presen-tation. 
 
 
Area Size, Map Format and Projection 
 

The Norwegian test-site extends over an area of 40 km (WE) by 30 km (NS), resulting in some 370 km². The 
four detailed maps mentioned above cover areas between 7.5 km x 6 km and 3 km x 3 km. Taking into account 
the amount of information details and the size of the area, this resulted in a scale of 1:100 000 for the main map 
and 1:50 000 for the secondary maps. The projection is UTM, with a 5° reticule for the major map and a 2.5° 
reticule for the secondary maps. 
 
The Austrian test-site, however, only covers an area of 48 km², having 6 km WE and 8 km NS extension. This 
size resulted in an appropriate scale of 1:50 000, the map of the marginal changes being at 1:25 000. The Gauss-
Krueger Projection is combined with a 2° reticule. 
 
The final format of the maps is with 55 cm x 40 cm slightly smaller than A2 (59.4 c, x 42.0 cm) and thus allows 
the enclosure of folded copies in A4 format publications. in enclosed pockets. The Hintereisferner Map has been 
designed in panel format, the Svartisen Maps in landscape format. Figure 5 gives an overview impression of all 
maps. 
 
 
Practical Implications 
 

The information about glacier dynamics depicted in the described maps is partially rather complex and hard to 
interpret for non-glaciologists. This applies most of all to the Maps of Glacier Strain Rate. A high strain rate 
value indicates a possible occurrence of crevasses which represent serious danger zones for hikers, skiers and 
also for snow mobiles. During field surveys on the Western Svartisen in 2002 the OMEGA glaciologists 
revealed several snow-covered crevasse zones near the ice divide. Their location coincided with local maxima of 
the Glacier Strain Rate shown in the maps. It seems that the occurrence of transverse crevasses in valley glaciers 
can be determined with a rather high degree of probability. 
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All in all, one can state that the deformation rates retrieved from SAR fluxograms can well be used for the 
mapping of crevasse-prone areas. If, however, crevasses should be depicted in glacier maps, the selection of the 
thresholds for the “maximum value classes” still needs further research in coordination with experienced 
glaciologists and mountain guides. Nevertheless, the Glacier Strain Rate map-product described in this paper 
may be seen as a step towards the generation of maps of crevasse-danger zones. In this sense, they have not only 
a high “safety value” but may also imply some economic importance, if we think of cargo snow-mobiles 
transporting valuable good which might crash into crevasses. 
 
 

 
Figure 5: Glacier rheological maps of Hintereis Glacier, Oetztal Alps, Austria (left) and Svartisen Ice Caps, 

Northern Norway (right). 
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