SAR Interferometry: Detecting Small Landslides in the Area of Northern Bohemia
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Abstract: Northern-Bohemian Coal Basin is an area with many small deep mines and a lot of large open mines. The brown coal is mined here. The area is not stable; however, there are a lot of cities and villages here, which may be endangered be the mining or post-mining activities. The area is mapped with SAR interferometry technique. However, the area explored by other methods is totally decorrelated. On the other hand, other areas suspicious of deformations are found. In addition, SAR interferometry may be used for detection of the active mining areas (DEM change).

1. Introduction

There are a lot of open mines in the Northern Bohemia. An area of approx. 20 by 60 km is almost completely exploited for mining activities. Many geotechnical methods are used for land movements and subsidences monitoring here. There are both open and deep mines in that area, causing both subsidences and landslides.

For the first time, conventional spaceborne SAR interferometry is used in the area. However, the disadvantage of the method is its unusability in the vegetated areas because of lost of coherence. Although only data from winter season were selected, many areas are decorrelated.

The area is not a subject of earthquakes, causing large deformation in a short time. Most of the area is stable, however, some smaller regions may slowly slide down or subside. There is a problem to detect these areas because both two-pass and three-pass interferograms contain lot of disturbing effects, such as DEM or orbit errors, eventually atmospheric delay. In addition, the largest deformations occur during the wet seasons, such as spring or summer, for which we have no data.

2. Two-pass and Three-pass Interferometry

After common interferometric processing, an interferogram contains the phase corresponding to topography, in addition to the phase corresponding to deformation.  In order to extract the deformation phase, the topography phase must be subtracted first. This may be performed by two basic approaches:

· two-pass interferometry, i.e. converting an external DEM to the interferometric coordinate system and then subtracting,

· three-pass interferometry, i.e. using a different interferogram (which is assumed to contain no deformation signal), rescaling it to the coordinate system of the first interferogram, and subtracting.

There are significant differences between these two approaches:

· in three-pass interferometry, the both processed pairs have a common master; i.e. both interferograms are sampled in the same way and no shift or resampling must be performed before topography subtraction; in two-pass interferometry, the radarcoded DEM (using errorneous orbits) must be shifted in order to correspond to the interferogram;

· the resolution of the SRTM DEM is lower than that of the interferogram, i.e. the DEM must be interpolated;

· the DEM has no “decorrelated areas”, i.e. the phase of the radarcoded DEM is more reliable than the phase of the interferogram;

· in three-pass interferometry, the interferogram to be subtracted from the other must be unwrapped first; this may cause a significant error if it contains decorrelated areas.

3. Scenes used

For detection of deformations, the following scenes were used:

1. ERS-1 scene acquired on March 7, 1999,

2. ERS-2 scene acquired on March 8, 1999,

3. ERS-2 scene acquired on December 28, 1998.

These three scenes form three interferometric pairs:

· tandem pair, containing scenes 1 and 2 (temporal baseline is 1 day, perpendicular baseline is 110 m),

· defo 1 pair, containing scenes 2 and 3 (temporal baseline is 70 days, perpendicular baseline is 98 m),

· defo 2 pair, containing scenes 2 and 3 (temporal baseline is 69 days, perpendicular baseline is -16 m).

We also have another two scenes from years 2002-2003; however, we are not able to coregister these due to the large convergence of their orbits. In addition, we are not able to process some scene crops of the defo 2 interferogram, due to the same reason (the angle between the orbits is smaller for the defo 2 pair).

The tandem pair is never used for deformation monitoring, it is only used for subtraction of the topography of the deformation pairs. Its coherence is much better than that of the defo pairs.

The area of the northern-Bohemia coal basin is quite flat, however, the Ore Mountains form a part of the scene. We are only interested in relative changes with respect to the surroundings, and therefore we are not interested in global errors, such as phase-unwrapping errors.

4. Results

4.1 Landsliding area

The area we know to landslide is located near the Chabařovice village. A lot of huge landslides were detected here by classical geodetic and geotechnical methods. Although the area looks well correlated in the tandem pair interferogram, it is almost completely decorrelated in the defo 1 and defo 2 pair interferograms (see figure 1). Figure 2 contains a detrended crop of the differential interferograms (defo 1 - tandem pair, defo 2 - tandem pair). It can be seen that the area of interest itself (framed in figure 1) does not contain significant (correlated) deformations; however, areas suspicious of deformation were found near to it.

The decorrelation may be caused by several effects. The vegetation is always the first. There is a high grass in the area; we assume that it does not disappear totally in the winter and a snowfall between the acquisitions of the two scenes (which is probable) may change its cover. In addition, the area is sloped in the flight direction of the satellite; however, radar interferometry only allows to map deformations in the direction perpendicular to the satellite flight. The landslides would occur in the flight directions and landslides larger than few centimeters would always cause decorrelation in this direction (Hanssen,2001) .

Figure 1. Landsliding area near Chabařovice. The coherence of the tandem (A), defo 1 (B) and defo 2 (C) pairs. The area of interest is framed.

Figure 2. Masked differential interferograms of the area near Chabařovice. In order for a pixel to be imaged, the product of the coherence of the tandem and particular defo pair (A - defo 1 pair, B - defo 2 pair) must be greater than 0.1 (low-coherent areas are pink-coloured) . The areas suspicious of deformations are marked.

4.2 Areas of subsidence

Unfortunately, results of deformation mapping out of the Chabařovice are inavailable, and therefore we have no data to compare our suspicious areas with. There are not only open mines in the Coal Basin, but also the deep mines, although much smaller in comparison to the open ones.

It is easier to detect subsidences than to detect landslides, because they usually do not cause the change in the cover, i.e. reflectivity, and the phase is changed more homogeneously throughout the place imaged into one pixel.

Figure 3. An area suspicious of deformation near the village Břvany. There is an old deep mine here. (A - detrended masked interferogram (only pixels with the coherence product higher than 0.1 are imaged; B - coherence product image)

Figure 4. A road between Most and Žatec cities is  subsiding. The road is surrounded by active open mines(the subsidence is confirmed by classical methods). 

4.3 Other influences

The phase does not need to be corrupted by deformations. In figure 5, there are many sharp-edged areas with a different phase than their surroundings. We assume these areas to be agricultural fields, farmed in a different way at the time between the acquisition of the two scenes.

Figure 5. Agricultural fields may also cause the interferogram phase to be different than the surroundings. We attribute the phase change to a different field activities (watering etc.)

4.4 DEM errors

Figure 6 shows an area where the DEM does not correspond to the reality. The SRTM DEM was acquired in 2000, i.e. approximately one year after the acquisition of the processed scenes. Although no deformations can be seen in the image (the topo pair is processed here) the DEM error can be seen clearly. However, the accuracy of the evaluated DEM error is in the order of tens of meters.

If evaluating a deformation pair, i.e. pair which may contain a deformation in addition to topography, the DEM error can be errorneously assumed to be deformations. However, that is no possibility to recognize this effect, except for processing the three-pass interferogram at the same time.

Figure 6. The terrain change during the one year between the acquisition of the SRTM DEM and the processed scenes. There is an active open mine in the area.

5. Conclusions

Some areas suspicious for deformations (subsidences) have been found. We hope that more scenes will allow us to see the deformations more clearly and in more areas because the Northern-Bohemian Coal Basin is unstable as a whole. More data will be requested from ESA this summer. However, it is very difficult to map landslides, especially such huge ones as occur in the Chabařovice area (mapped by classical methods). In addition, landslides often occur in non-urban areas where they do not cause a human danger. On the other hand, the subsidence, which are easier to map with radar interferometry, occur often in urban areas.

Some artifacts are caused by imperfect coregistration of the interferogram with the DEM (2-pass case). This may be solved by using a shorter baseline (if possible) or by an automatic coregistration of the DEM with the interferogram, which is being prepared.

We will soon see the comparison of the interferometry results with mining maps which is now performed.

Acknowledgements

All the computations and processing  was performed in the interferometric open-source DORIS software.

This project is supported by ESA Category-1 project 

This project is [co-]financed by the Ministry of Education of the Czech Republic through the Higher Education Development Fund, Grant No. 33 51530                

Special thanks to Lena Halounova for support.

References

Hanssen, R. F. : Radar Interferometry: Data Interpretation and Error Analysis, Kluwer Academic Publishers, Dordrecht 2001

