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Abstract: In this study, supervised pixel based maximum likelyhood classifier (MLC) was evaluated for differentiating water 
area from non-water area in a cloud prone river valley region using images obtained from German TerraSAR-X radar satellite. 

thTerraSAR-X satellite microwave data acquired on 8  May 2008 was used for a test site in Brahmputra river valley, India. The 
performance of traditional supervised (MLC) classification method was evaluated on TerraSAR’s X band strip geo coded high 
resolution (6 meter) images in VV polarization channel. The 42 training sites for water area and 40 training sites for non-water 
areas were carefully selected over the entire image where optical Resourcesat - 1 LISS IV multi-spectral image and pre-
classification ground truth were used as apriori knowledge. The calculated backscatter coefficient ranges from approximately -
24.1 to 6.5 dB where water areas usually have low dB value around -20 dB. Overall classification accuracy was 94.92 %. This 
study shows that high resolution TerraSAR-X radar satellite image have advantage of weather independence over optical data. 
Furthermore, the supervised (MLC) classification can be used for extraction of water area from single band high resolution 
radar images where traditional water area extraction methods i.e., NDVI, NDWI etc., can not be used on radar images.
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1. Introduction 

Optical data are commonly used for land cover mapping. 
However, the problem of cloud cover is always an obstacle, 
which restricts the use of optical remotely sensed data 
(Colwell, 1983). Since the Brahmaputra river basin is 
overcast with clouds during monsoon, the availability of 
cloud free optical data is very poor. To overcome this 
difficulty, use of microwave satellite data is envisaged. Like 
other radar satellite images TerraSAR-X microwave satellite 
images have great advantages of weather independence over 
optical satellite images. NDVI (Normalized Difference 
Vegetation Index) was introduced by Rouse et al. (1973) to 
separate green vegetation from non-vegetation area using 
Landsat MSS optical data. It is expressed as the difference 
between the near infrared and red bands normalized by the 
sum of those bands, i.e. NDVI= (NIR-RED) / (NIR+RED). 
Later on NDWI (Normalized Difference Water Index) was 
introduced by Gao (1996) to assess water content in a 
normalized way i.e., NDWI = (NIR – SWIR)/ (NIR + SWIR). 
These are the traditional normalized differences used 
differentiating water area from non-water area using multi-
band optical remote sensing data. But NDVI, NDWI can not 
be used on single band radar images. Maximum likelihood 
classifier (MLC) has been applied to TerraSAR-X 
microwave satellite high-resolution images for 
differentiating water and non-water area covering parts of 
Brahmaputra river basin. 

2. Description of TerraSAR-X Radar Satellite Images 

TerraSAR-X is a German remote sensing satellite program, 

which is the first commercially available radar satellite cloud 
independent to offer 1 meter to 16 meter resolutions. 
TerraSAR-X is a satellite with right-side-looking X-band 
synthetic aperture radar (SAR) based on active phased array 
antenna technology (DLR, 2006). The active antenna allows 
not only the conventional StripMap mode but also Spotlight 
and Scan SAR modes. The following imaging modes are 
defined for the generation of basic image products. Strip Map 
mode (SM) in single or dual polarization (3 meter resolution), 
high resolution Spotlight mode (HS) in single or dual 
polarization (1/2 meter resolution), spotlight mode (SL) in 
single or dual polarization (2/4 meter resolution), ScanSAR 
mode (SC) in single polarization (16 meter resolution) (DLR, 
2006). This is the basic SAR imaging mode as known from 
other radar satellites. The ground swath is illuminated with a 
continuous sequence of pulses while the antenna beam is 
pointed to a fixed angle in elevation and azimuth. This results 
in an image strip with constant image quality in azimuth. The 
maximum length of an acquisition is limited by battery 
power, memory and thermal conditions in the sensor (Jörg et 
al., 2007). The orbital and altitude parameters of TerraSAR-X 
Radar satellite are listed in Table 1(a).The characteristic 
parameters of this StripMap mode are listed in Table 1(b). As 
mentioned in Table 1(b), StripMap can be operated in single 
or dual polarization mode resulting in one or two image 
layers, respectively. 

3. Data Used

A single date TerraSAR-X VV polarized with StripMap mode 
th(SM) microwave images acquired on 8  May 2008 was used 

to differentiate water area from non-water area. The ground 
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