Volcanic Ash Cloud Observations during Air Space Closure
Ulrich Schumann

Deutsches Zentrum für Luft- und Raumfahrt (DLR), Institut für Physik der Atmosphäre, Oberpfaffenhofen, Germany
Volcanic ash originating from the Eyjafjalla (or Eyjafjöll) volcano in Iceland found European Aviation unprepared to deal properly with volcano emissions. The ash caused an unprecedented closure of aviation airspace in Europe for several days in April 2010. The initial closure decisions were derived from model predictions of the Volcanic Ash Advisory Centre (VAAC). The lack of predefined ash loading thresholds for safe aviation turned out to be crucial. Initially air space was closed for any ash loading.  Europe responded to this issue with several initiatives. But the solutions found so far are incomplete. Knowing that a volcanic eruption might occur any time again, Europe needs to get prepared to better respond to such challenges in the future.

In response to the aviation emergency condition, the DLR research aircraft Falcon 20E was able to provide in-situ and remote sensing of volcanic ash concentrations and chemical composition in the European Airspace during air space closure. The measurements helped European Air Space service providers to better evaluate the actual volcanic ash loading. The results contributed to reopen airspace earlier than planned.

The Falcon aircraft performed 17 flights over Europe in April and May 2010. On April 19, the ash cloud over Germany was already 4 to 5 days old. At this age, the Lidar instrument detected a rather inhomogeneous vertical and horizontal ash distribution. Individual ash clouds at 2-5 km altitude were typically 1 km thick and up to 300 km wide. Wing mounted insitu instruments counted the number of particles of various sizes. From these data, a quick estimate of ash mass concentration of about 60 (g/m3 was derived at maximum. The Falcon also measured sulphur dioxide, a reliable indicator for the presence of fresh eruption material in the air. 

The data obtained from all the flights provide an excellent opportunity for evaluating and improving volcanic ash observation and forecast methods. Satellite based ash cloud detection was refined by comparison to the measurements. The observations were found to be quite reliable in detecting most of the potentially dangerous ash clouds. Ground-based Lidar use the measurements to refine mass conversion factors. Models now get combined with several meteorological forecasts and run for a set of volcanic source parameters. This should provide the probability of exceeding a given ash concentration threshold rather than just one possible solution without information on its uncertainties. This should help to reduce unnecessary air space closures.

This example shows how crucial it is to have an emergency aircraft available. With modular instrumentation packages, the Falcon is able to accomplish different emergency missions, possibly including dropsonde soundings of radioactivity. The Falcon missions were directed by scientists experienced in international atmospheric physics and chemistry research, including weather and climate. Together with long years of experience of pilots (e.g. in Sahara dust measurements) this allowed the Falcon to find its way through an airspace closed for commercial aviation without major problems. Operation was efficiently linked with responsible national authorities. This made quick and efficient operation decisions possible.

The DLR-Falcon was not the only aircraft and not the first one, but the one with most flights, and over a large range within Europe. First airborne measurements were performed in the UK (NERC Dornier, DO 228) and Switzerland (METAIR Dimona) on April 15-17. In total about 70 flights were performed with 12 aircraft by teams that coordinate themselves within EUFAR, an Integrating Activity of the EC FP7 (2008-2012, Trans-national Access, www.eufar.net). Further flights were performed by other aircraft, privately (e.g. Lufthansa with CARIBIC container) or with national support. 

For Europe to get better prepared for future challenges including volcanic ash the response procedure should be better prepared by airspace operators, assessment centres and research organisations. The emergency aircraft should be operated nationally but should also be offered to others in Europe on demand.
For the near future the following activities were recommended: Final data analysis and publication of the results; assessment of scattering properties of ash particles;  comparison of observed data with other observations and with modeled concentrations, analysis of ash loading for comparison with damage reports; preparation of improved instrumentation, and improvements in alert cycle for observations and data exchange.

The Falcon measurements were performed on request of the Deutscher Wetterdienst (DWD, German Weather Service) and the Bundesministerium für Verkehr, Bau und Stadtentwicklung (BMVBS, Federal Ministry of Transport, Building and Urban Development) by DLR, Institut für Physik der Atmosphäre, Oberpfaffenhofen, Germany, together with DLR  Flugexperimente, and external partners (Laboratoire de Météorologie Physique, Clermont-Fd, France; Technische Universität Darmstadt, Germany; NILU, Kjeller, Norway; Met. Inst. of Ludwig-Maximilians-Universität, München, Germany;  Univ. of Iceland and Icelandic Meteorological Office, Reykjavik, Iceland), with further support by DFS/EUROCONTROL, LBA, VAAC, KNMI, EASA, and Ground-based Lidar stations at Munich, Leipzig, Hohenheim, Payerne, Cabauw, Mace Head, DWD). 

