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There are isolated weather events that prevent even TerraSAR-X from obtaining a clear view of the 
surface of Earth. This TerraSAR-X image shows a thunderstorm cell with exceptionally strong rainfall off 
the Caribbean coast of Panama, visible at the top of the image as a blurred area.
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Thunderstorm off the Caribbean coast of Panama
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Radar always delivers a decisive advantage because it is able to take images of the surface of the Earth 
under virtually any weather conditions. Optical systems can only achieve this when visibility is clear – 
unobstructed by fog and cloud cover. To generate images, both sensors use electromagnetic waves. The 
ability to penetrate cloud cover depends on the wavelength employed - the longer the wavelength, the 
greater this capability.  The microwave pulses from TerraSAR-X have a wavelength of approximately 
three centimetres and are normally able to penetrate a cloud ceiling without any difficulty. In contrast 
to this, optical sensors operate in the infrared or visible range of the electromagnetic spectrum – that 
is, with wavelengths which are anything up to 30,000 times shorter, at the scale of microns or even 
nanometres. This radiation is reflected back by clouds, meaning that the surface of the Earth below 
those clouds cannot be observed. Some regions of Earth, such as areas of tropical rainforest, are under 
continuous cloud cover, meaning that they can never be mapped completely using optical devices.

The detection of precipitation on the TerraSAR-X image shown here can be explained by the fact that 
particles of precipitation (that is: rain, hail, snow and ice crystals) are reflecting back the radar signals, 
and by the fact that the volume of precipitation causes a loss in signal intensity. When the loss of signal 
strength caused by precipitation becomes dominant, some areas are then 'shadowed' – that is, entirely 
obscured from view.  The bright and veiled areas are the ones facing the radar and are indicative of the 
effect of reflection caused by the rain 'cell'. The areas above this, shown in dark blue and black, are 
facing away from the radar – in these areas, the shading effect is dominant.

The scene recorded here extends over an area of about 18 by 64 kilometres and was generated in dual-
polarisation mode, a method that substantially increases the information content of an image. The 
colours are created by superimposing two separate images (red and green) of the same area taken 
simultaneously in this mode using two signals of different polarisation settings, together with a third 
image (blue) which is calculated from the difference between the original images. Now, the different 
reflection mechanisms become visible – the green colouration indicates a surface reflection, where the 
radar signal is being reflected straight back to the antenna. Red tones indicate a double reflection, and 
there is virtually no indication of this in the scene depicted here, since it occurs primarily in urban 
areas. Blue tones can be seen in the area of the thunderstorm cell, and are designated as 'volume 
scatter' because the signal is reflected back to the radar antenna by a multiplicity of individual 
raindrops and hailstones. It only becomes possible to penetrate the thunderstorm cell depicted here at 
substantially greater wavelengths – for example, twenty centimetres. To achieve this, radar systems 
that operate in the L-Band at 1.5 Gigahertz are needed – a weather event of this kind would pose no 
problems to equipment of this type.

Meteorological information

The fact that TerraSAR-X is unable to penetrate clouds in certain infrequent cases does not necessarily 
constitute a disadvantage. The interaction of radar beams and heavy precipitation can be used to 
determine the intensity of that precipitation. Scientists at DLR are working on ways of producing 
quantitative estimates of rainfall rates (that is, the volume of rain which reaches the ground within a 
given unit of time). Ground-based precipitation radars are, for the most part, only available in 
industrialised regions. In contrast to this, radar systems like TerraSAR-X can deliver images from 
anywhere in the world. In the same way as weather radar, the meteorological information obtained 
using this method can serve as an important input parameter for global climate models.

The TerraSAR-X mission

TerraSAR-X is the first German satellite that has been manufactured under what is known as a Public-
Private Partnership (PPP) between DLR and Astrium GmbH in Friedrichshafen. The satellite travels 
around Earth in a polar orbit and records unique, high-quality X-band radar data about the entire planet 
using its active antenna. TerraSAR-X works regardless of weather conditions, cloud cover or the 
absence of daylight and is able to provide radar data with a resolution of down to one metre.

DLR is responsible for using TerraSAR-X data for scientific purposes. It is also responsible for planning 
and implementing the mission as well as controlling the satellite. Astrium built the satellite and shares 
the costs of developing and using it. Infoterra GmbH, a subsidiary company founded specifically for this 
purpose by Astrium, is responsible for marketing the data commercially.
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Contact details for image and video enquiries as well as information regarding DLR's terms of use can be 
found on the DLR portal imprint.


