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The coarse surface layer in block fields operates as an insulating layer between the surface climate and the ground below. Often it acts as a thermal filter, insulating against the effect of surface warming but readily transmitting the effect of surface cooling (Harris and Pedersen 1998). Therefore, knowledge about the extent of coarse surfaces is important for the successful spatial application and further development of energy balance models (Stocker-Mittaz et al. 2002) or statistical models (e.g. Gruber and Hoelzle 2001).Block fields can be mapped relatively accurately based on the manual interpretation of aerial photography because of the textural information and terrain position. This is a labor intensive process depending on the skills of the operator. This study uses high resolution aerial photography and a GIS (Geographic Information System) to automatically map the spatial extent and characteristics of block fields. The test site is the Corvatsch area in the south-eastern part of the Swiss Alps.

In aerial photographs, block fields are characterized by the frequency of change between dark and bright areas caused by the shadows of big blocks. Other areas are typically much more homogeneous. This effect can be used to separate blocky areas from areas with fewer blocks by using statistical methods. On 17 September 2002, aerial photographs of the test area have been taken by the Federal Office of Topography of Switzerland. The ground resolution of these pictures is about 6 cm. Two more methods for the remote sensing of surface roughness appear feasible and are currently under investigation: (1) a SAR (Synthetic Aperture Radar) image of JERS (Japanese Earth Resources Satellite) is currently processed and (2) a flight with a LIDAR (Light Detection And Ranging, laser altimetry) sensor on board will take place in the test area this summer. LIDAR data from a different campaign is already available for testing the methods. 

The correctness of the interpretation and validation of the extracted coarsenesses is provided by transects obtained from terrestrial surveying.

The aerial photographs are orthorectified and imported into the GIS. Focal functions are applied on this grid. These are functions which calculate a new value for a cell using the value of this cell and its adjacent cells. Three new grids are calculated: one contains the maximum of two adjacent cells, and the second the mean of two adjacent cells. Then the difference between these two grids is calculated and the sum of ten adjacent cells is written into the central cell. As a result, areas with a high frequency of change between dark and bright cells (block fields) will show high values, whereas more homogeneous areas will be attributed lower values. Now the grid will be reclassified into the different classes of surface roughness. The last step is the resampling of the pixels to the desired resolution for permafrost modeling.

First results are satisfactory as shown in Figure 1. The block fields could be delineated and the method clearly shows the potential to distinguish between several classes of surface roughness. Problems remain in shadow areas.

First attempts to use wavelets in the detection of surface roughness have shown interesting perspectives and applications of this method to aerial photographs and LIDAR data are underway.
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Figure 1. The picture shows the area around the rockglacier Murtèl. Four classes of surface roughness are determined: highest values are found on the coarse surface of the rockglacier, whereas the homogenous surface of the skislope shows lowest values.
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