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Interpretation -

This map shows the flood extent on July 25,
2007. It covers a region of about 200 sgkm of
Gloucestershire, UK, along the river Severn.

The flood mask was derived from TerraSAR-X data by a
semi-automatic processing and was superimposed on the
original radar image that has a ground resolution of 3 m.
Trees along the river cover the water surface but do not
appear as flooded area, as the tree tops impede the
water classification.

This analysis was done to support the recent activation of
the "International Charter - Space and Major Disasters".

Data Sources

TerraSAR-X © German Aerospace Center (DLR) 2007
Commercial exploitation rights:
INFOTERRA GmbH
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Processing/Analysis
Image processing and map creation by DLR:
- image enhancement
- derivation of surface water areas by region growing

and interactive threshold test
- derivation of normal water level from TerraSAR-X
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Figure 3. Aerial photo mosaic of Tewkesbury flooding on 24th July 2007. Two of the larger regions of urban flooding are shown magnified.





Figure 4. LiDAR Digital Surface Model of Tewkesbury (lighter = higher).





Figure 2. (a) TerraSAR-X image of Tewkesbury flooding on 25th July 2007 showing detail in urban areas 


(2.6 x 2km) (© DLR 2007), (b) ASAR image of 26th July 2007 (© ESA).





Figure 7. Regions unseen (black) by TerraSAR-X in LiDAR Digital Surface Model due to (a) shadow, (b) layover, and (c) combined shadow and layover (satellite looking to West).








Figure 9. TerraSAR-X image of Tewkesbury with flood extent (blue) predicted by snake superimposed  (shadow/layover regions masked out) (A - G = positions of snake nodes selected for interpolation).








Figure 1. TerraSAR-X image of the lower Severn July 2007 flood, with DLR flood extent (blue) overlain  (© DLR 2007). The rectangle marks the detailed area shown in Fig. 2.
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Figure 12. Flood extent (blue) at TerraSAR-X overpass time estimated from aerial photos, superimposed on LiDAR.
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Figure 13. Correspondence between TerraSAR-X and aerial photo flood extents in main urban areas of Tewkesbury, superimposed on LiDAR image (yellow = wet in SAR and aerial photo, red = wet in SAR only, green = wet in aerial photo only). Two of the larger regions of urban flooding are shown magnified.





Figure 14. TerraSAR-X backscatter probability density function for urban water pixels 


(DN threshold sar_thresh = 55 units).








Figure 11. TerraSAR-X backscatter probability density functions for (a) water, and 


(b) non-water training areas (DN threshold sar_thresh = 55 units).
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Figure 5. Layover (AB) and shadow (CD) regions in a flooded street (AD) between adjacent buildings of height h1 and h2 ( θ = incidence angle).
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Figure 6. Structure of the SETES simulator with the main modules for orbit and imaging geometry calculations, the generation of backscatter and raw data values, and image processing.
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Figure 10. Flowchart of  the proposed method of flood detection in urban areas.





Figure 8. Sketch of the geometry of faces inducing layover (θ = incidence angle, β = angle between normal to face inducing layover and vertical, γ = angle between normal and horizontal).
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Seed region growing


Involves clustering using iterated region dilation and labelling, followed by erosion. Regions of shadow and layover are masked out before and after clustering.





Determination of spatially-varying urban water height threshold


Involves manual selection of snake nodes in low slope areas, kriging of height threshold surface, and estimation of height threshold offset.





Supervised classification of urban flood seed regions


Involves manual selection of training areas for water and non-water.





Delineation of flood in rural areas using snake algorithm applied to SAR and LiDAR data


Involves manual editing to seed snake using un-flooded river network, and to correct snake errors. Regions of shadow and layover are masked out.
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