The use of remote sensing data for the nowcasting of thunderstorms within a weather information and management system for flight safety
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This study presents the successful use of satellite imagery and radar data for the detection and nowcasting of thunderstorms for air traffic within the European Integrated Project FLYSAFE (http://www.eu-flysafe.org/). FLYSAFE aims at defining, developing, and testing new ground-based and on-board systems contributing to the flight safety for all aircraft. One of these ground-based tools is a thunderstorm weather information management system (Cb WIMS) which passes specific information about a thunderstorm to a ground-based weather processor (GWP) where the information is tailored to the needs of a particular flight and then up-linked to the corresponding aircraft. As very detailed information on thunderstorms is not very useful for air traffic control personnel or pilots for decision making, the strategy within the Cb WIMS is not to describe thunderstorms to any observable detail, but render them in the form of simplified objects (i.e. hazard areas for air traffic) consisting of a top volume representing the thunderstorm’s turbulent anvil area and a bottom volume representing hazards like heavy rain, lightning and hail. The top volumes are detected from space using DLR’s cloud tracker Cb-TRAM, a fully automated algorithm for the detection and nowcasting of convection using METEOSAT data. The bottom volumes are diagnosed by Météo France’s CONO algorithm which detects and nowcasts convective cells using radar data.
The Cb WIMS top and bottom volumes are processed for two different scales: regional and local. The regional scale encompasses the area of approximately western Central Europe. The refresh rate of the regional products is 15 minutes corresponding to the refresh rate of the METEOSAT data and the Météo France 2-dimensional radar composite. The local scale encompasses the size of the terminal manoeuvring area (TMA) Paris, an area of about 300x300 km around the airport Paris-Charles de Gaulle. Here, METEOSAT-9 rapid scan data are used to detect the top volumes and 3-D polarimetric radar data are used to detect the bottom volumes. Both data sources are available in 5 minute intervals enabling a refresh rate of 5 minutes for the Cb WIMS local scale products. Nowcasts are provided in five minutes steps up to a one hour range for both the regional and the local scale. 

A verification of the Cb WIMS top and bottom volumes has been performed in several case studies which show a fair agreement between top and bottom volumes. In cases of intense thunderstorms the top volumes appear to also mark the convective updraft regions quite well. Recently, the data flow from the WIMS over the ground-based weather processor to the aircraft has been tested off-line in full-flight simulations (FFS) and on-line in flight tests (FT) with two research aircraft. While the FFS focuses more on the improvement of the WIMS display in the cockpit, on the expected impact on flight safety and on finding out the degree of acceptance of the new information through the pilots, the FT concentrate on technical feasibility of the real-time data flow from the WIMS to the aircraft and the fusion of the WIMS products with the on-board information. During the FT, the time delay between the METEOSAT analysis time and the arrival of the final Cb WIMS product in the cockpit has been found to be 10 minutes only, i.e. the Cb WIMS displayed in the cockpit and compared to the data from on-board sensors consists of only a 10 minutes extrapolation of position and size of the analysed Cb volumes.  
At the time of writing this abstract, results for the FFS were not yet available. However, preliminary results of the FTs show that the Cb top and Cb bottom volumes agree well with the heavy convective precipitation seen on the on-board radar. Obviously, the relatively simple Cb top objects derived from METEOSAT data and the Cb bottom objects derived from radar data render realistic coherent hazard areas for air traffic. They give additional valuable information on the occurrence of convective activity beyond the range of the on-board radar which is confirmed by later on-board radar images. Moreover, they provide information over a wider sector including the area behind the aircraft. This could be valuable in situations when the aircraft had to turn sharply e.g. during take-off and landing procedures. It is concluded that properly synthesized remote sensing data are important contributors to flight safety by providing a significantly higher level of observational coverage than the on-board sensors.















