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The Along Track Scanning Radiometer - 2 instrument is on board the ERS-2 satellite

in a polar sun-synchronous orbit with, at the time of the study, a repeat cycle of 35 days. This means that, at the Chilbolton site, useful imagery is obtained around once every 2-3 days during daylight hours (the 'descending pass') and similarly at night (the 'ascending pass'). The local time (=UT) of the satellite overpass is around 1100 hours for the daytime and 2200 for the night time passes.

The ATSR instruments have a conical scan resulting in an image of the earth made viewing both in the 'along-track' (angle about 55 deg) and nadir directions; the along-track image is acquired around 90 seconds before the nadir. The width of the swath is about 500 km and the ifov at nadir is about 1.1 km; the geometry of the along-track view gives an ifov size of around 2-3 km.

Imagery is acquired in up to seven narrow spectral bands centred on wavelengths of

0.55, 0.67, 0.87, 1.6, 3.7, 10.8 and 12 microns. All channels had a comprehensive pre-flight calibration and in-flight calibration is obtained using two on-board black bodies for the infrared channels (3.7-12 micron) and a solar illuminated (once per orbit) diffuser plate for the short-wave channels.

As an example, the image D_990123.gif  is from the overpass on the 23rd of January 1999. The French and UK coastlines are shown as is the location (*) of the Chilbolton Radar

facility.  The image is a 'true-color' composite created by assigning the 0.67 micron channel to blue, 0.87 to green and 1.6 micron to red. This combination leads to a realistic

representation of vegetated land as green (the 0.87 micron reflectance is high compared to the 0.67 reflectance); soils and poor vegetation as various shades of brown (0.67 and 0.87 comparable); thick water clouds as white (spectrally neutral reflectance) and ice clouds as cyan (the 1.6 reflection drops for large water drops and particularly for ice phase cloud particles). The image shows a little cloud free land east of the Cherbourg peninsula and in the SE of England. Most of northern France is covered by a bank of low stratus cloud with wave features visible in the central Brittany area. Approaching the Western UK is a broken

frontal region characterised by the cyan colour indicating high ice clouds. Over Chilbolton there is evidence of the low stratus and the leading part of the frontal system is very close. Both these features are well seen in the time sequence 94 GHz radar measurements corresponding to this case.

The retrieval of quantitative estimates of important cloud parameters from this type

of radiometric imagery is an established technique. The shortwave channels at 0.55,

0.67 and 0.87 microns are mostly responsive to the optical depth of the cloud; the 1.6 micron channel is sensitive additionally to the drop size and phase (ice or water). The shortwave infrared 3.7 micron is complementary to the 1.6 micron in that the reflection of solar radiation at this wavelength is drop size dependent, but there is also a very significant emission of radiation at this wavelength. There is no solar component at 11 or 12 microns so these channels can be used to estimate cloud top temperature or pressure. Although the channels and cloud parameters have been described in corresponding pairs, measurements in all channels are more or less affected by all cloud parameters (and also non-cloud atmospheric effects). Therefore, successful estimation of the cloud parameters relies on a simultaneous estimation method incorporating all measurements, all parameters and preferably auxiliary information on the clear atmospheric state.

Simultaneous use of the nadir and along-track measurements is an attractive idea although difficult to implement in practice. This is because, for a cloud at a finite altitude, the co-location of the two views is subject to an unknown parallax effect. The measurements have to be co-located by pattern matching techniques - a complicated procedure given the often semi-transparent nature of the targets, the changes occurring in the 90 seconds between acquisition of the two views and the differing basic resolution of the two views. Nevertheless, it is possible to achieve matching to a degree and a by-product of this is a

height estimate of the cloud which is independent of temperature (upon which most other satellite cloud heights depend). Advection by wind in the 90 seconds can add an appreciable error to this estimate.

Once the nadir and along-track data are co-located for the cloud scene, there are several benefits. Firstly, the two-angle reflectivities at the short wavelengths can be compared to theoretical calculations made assuming various ice crystal shapes. Thus it is possible to make conclusions about the presence or otherwise of hexagonal columns or more complicated shapes. A second advantage comes from removal of a basic ambiguity in the estimation of temperature arising from an unknown optical depth. (During the daytime, this ambiguity can also be removed by simultaneously using the shortwave channels to provide information on optical depth.)

For more information of cloud properties and ATSR-2 see http://www.atsr.rl.ac.uk/

and http://www.eumetsat.de/en/area2/publications/rep_cloud.pdf

