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In our proposal, we specified a number of existing glaciological applications of optical imagery that we sought to re-examine with ALI and Hyperion data.  Below we give our preliminary results for many of those applications.  This report is accompanied by a series of Powerpoint slides.

Feature Identification

We chose an image of a site in the deep interior of Antarctica.  Crary Ice Rise is a large stagnant feature in the middle of the Ross Ice Shelf.  It rises approximately 100 meters above the surrounding ice.  On the ice shelf, there is an information-rich collection of subtle and not-so-subtle surface features.  Many have vertical relief of a few meters, others are shear cliffs at the edges of crevasses and rifts in the ice.

Slide 1 (“Feature Identification”) crops a small portion of the region (red-outlined box) and compares ALI Pan Band with the Pan Band of SPOT collected in January 1999.  Both bands have a 10-m spatial resolution.  The undulated surface is well-preserved in both as shown by the profiles of brightness values located by the red lines.  Sun illumination is from the upper right.

One difference is the much larger signal of the ALI.  This is most important in detecting the small-scale roughness on the surface of the undulations.

Ice-Stream Margin

Another EO-1 collection was made of a portion of Ice Stream D, a fast-moving ice stream in West Antarctica.  The ice stream is heavily crevassed, especially near the margin.  Outward of the stream, the ice surface becomes very smooth.

Slide 2 (“Ice-Stream Margin”) compares ALI Band 5 and Landsat-7 ETM+ Band 4.  Both are in the near-infrared portion of the spectrum and have a 30-m resolution.  Also for comparison is the 10-m resolution ALI Pan Band.  Both ALI and L7 capture the highly contrasting crevassed zone.  They also both capture the longitudinal trough at the edge of the ice stream.

Again, the difference is most marked in the subtle features on the smoother surface of the slow-moving ridge ice.  This can be seen in the DN profiles.  L7 DN’s oscillate a single DN across this surface.  ALI, with a larger signal to noise, varies many DN as it passes over even this smooth surface.

Increased Signal on Ridge Ice

This improved signal-to-noise (made possible by the 12-bit quantization of ALI) is examined more carefully by cropping a 3 km x 3 km area of the smooth ridge in both ALI and L7 imagery.  The areas are not coregistered, but are both representative.  

Slide 3 (“Increased Signal on Ridge Ice”) shows both areas and the power spectrum for each.  The power spectrum was obtained by taking the Fast-Fourier Transform (FFT).  Both have similar shapes, but the ALI spectrum has more power at lower frequencies.  This suggests that there is more signal that can be extracted.  On the other hand, the L7 spectrum drops sharply suggesting the image content is at the noise level + 1 DN).

A 300-m low pass filter was applied to each FFT image (not shown).  The results for the two cases are dramatically different.  The filtered L7 data indicate two small area of reduced average DN.  The filtered ALI data show considerably more detail related to the very subtle topographic surface variations on the ridge.

Effect of Sastrugi

With the demonstrated ability of ALI to collect signal over smooth areas, we use a one-meter resolution image of an uncrevassed portion of Ice Stream D collected by the IKONOS satellite to examine this potential further.  The IKONOS image can be used to simulate 10-m and 30-m resolution images. 

Slide 4 (“Effect of Sastrugi”) shows a very small portion of the IKONOS image.  Individual sastrugi (snow dunes) can be identified.  When averaged over both 10-m and 30-m pixels, the result appears to be random noise.  However, the generation of these images illustrates the source is not noise, but signal associated with the particular pattern and distribution of sastrugi.

Because sastrugi are persistent features of the ice surface, this demonstration opens up the possibility that sastrugi fields might be used to measure motion of the ice surface if the radiometric sensitivity of the sensor can resolve the pattern (i.e., measure it as signal above the noise).  Sastrugi ride passively on the underlying ice sheet.  If the pattern of image brightness could be correlated in spatially coregistered images taken at different times, the displacement of the sastrugi would be a measure of ice motion even though individual sastrugi cannot be resolved.  This is very similar to the speckle-tracking technique used in SAR imagery of ice sheets.

Glacier Facies

The 9-channel EO-1 ALI data are useful for detecting glacier-facies boundaries on the September 24, 2001, image of Hofsjökull ice cap, Iceland.  Strips 3 and 4 of the EO-1 16-bit data were mosaiced, and seams smoothed.  When the data are re-scaled to the 8-bit image format, using an image-processing program, some reflectance boundaries are clearly visible.  Slide 5 (“Glacier Facies”) shows a transect (A to B) from the accumulation area to the ablation area on an ALI band 5 (0.775-0.89 (m) image of Hofsjökull.  The digital numbers (DN) show a demarcation at the approximate location of the equilibrium line which is the boundary between the accumulation area and the ablation area.  This boundary is seen at a location (pixel distance from the start of the transect at “A”) of about 700 pixels.  At a location of approximately 800 pixels, the DN values drop further as the transect moves from the accumulation area to the bare ground surrounding the glacier (at “B”).
There is no dry-snow facies on Hofsjökull.  Within the accumulation area on Hofsjökull there is the wet-snow facies and perhaps the percolation facies.  Using visible/near IR data, it is not possible to distinguish between the wet-snow facies and the percolation facies in the melt season when both are saturated on the surface.  In the wet-snow facies, the snow from the previous winter and spring has accumulated and then begun to turn to firn.  It is wet throughout at the end of the melt season.  The reflectance is higher in the accumulation area where the snow and firn remain than in the ablation area, where snow and firn have melted.  The reflectance drops at the equilibrium line, and is much lower in a glacier’s ablation area during the melt period because the snow cover from the previous winter and spring has melted from the ablation area thus exposing bare ice which has a lower reflectance than does bare ice, in all visible and near-infrared wavelengths.

Slide 6 (“Feature Detection”) shows the ALI band 5 image of Hofsjökull (left) and the result of an edge-detection filtering test (using PCI software) (right).  In the image on the right, there is a clear delineation between the accumulation area at the higher elevations and the ablation area at the lower elevations.  Using this technique, the position of the snow line could potentially be estimated.

