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CONTEXT 

Volcanic ash clouds pose a real threat to aircraft safety.  More than 100 jet aircraft have encountered volcanic ash clouds in the past 25 years resulting in damage to the aircraft and, on at least 2 occasions, a near crash.  The ash is abrasive and capable of causing serious damage to the engines, windshields, airspeed / altitude and other sensors that deliver electronic data to automated systems used to fly the aircraft.  Volcanic ash from an explosive eruption can reach high-level aircraft cruising altitudes within a few minutes of the eruption.  It can then be transported by the winds over hundreds and, occasionally, thousands of kilometres.  The threat is global.  The hazard is compounded by the fact that ash can not be detected by the present generation of radar instrumentation carried onboard aircraft. 

In 1987, the International Civil Aviation Organisation (ICAO) established the International Airways Volcano Watch (IAVW). It defines international arrangements for the monitoring and the provision of warning to aircraft whenever volcanic ash is present in the atmosphere and is based on the cooperation of a number of aviation and non-aviation operational units (Romero, 2004).  In short, the objective of the IAVW is to keep volcanic ash and aircraft completely separated.  The IAVW Operations Group coordinates the activities related to the Watch and makes recommendations to the ICAO Air Navigation Commission. 

The WMO Aviation Meteorology Programme is established and maintained to meet the meteorological requirements of aviation for safe, economic and efficient air navigation. The programme is part of the Applications of Meteorology Programme (AMP) and coordinated under the technical responsibility of the WMO Commission for Aeronautical Meteorology (CAeM) and in close coordination with ICAO.  The activities of the WMO include training of aeronautical meteorology personnel, implementation of the World Area Forecast system jointly with ICAO, improvements of observations, forecasts and warnings in the airport terminal area, improvements of forecasts on en-route weather hazards (including volcanic ash), initiation of specific studies aimed at improving forecasting accuracy, promotion of global collection and distribution of automated meteorological observations from aircraft, etc.  As well, technical solutions and scientific considerations for new and ongoing requirements are provided from other WMO technical programmes, for example the World Weather Watch Programme.  

MAKING IT WORK

The Meteorological Watch Offices (MWOs) are designated by the Meteorological Authority of ICAO member States to issue warnings for aviation (SIGMET) whenever volcanic ash is detected or suspected in the atmosphere.  However, the characteristics of airborne volcanic ash (long-range transport, difficult to detect, etc.) are such that some MWOs may have difficulties in obtaining / providing the information required to warm aircraft in a timely manner.  To help solve this problem, ICAO, on advice from WMO, designated centres having the capability to provide ADVISORY information on volcanic ash to the MWOs.

At present, there are 9 ICAO designated Volcanic Ash Advisory Centres or VAACs: Anchorage (USA), Buenos Aires (Argentina), Darwin (Australia), Exeter (UK), Montreal (Canada), Tokyo (Japan), Toulouse (France), Wellington (New Zealand) and Washington (USA). Areas of responsibility are as shown here:
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ICAO and WMO have implemented clear operational procedures to respond to the presence of volcanic ash in the atmosphere and to warn aviation.   Monitoring of airborne ash as well as volcanic eruptions is conducted in real-time and around the clock by various technical means.  As soon as volcanic ash is reported or detected (volcano observatory, pilot report, satellite imagery, etc.) the operational meteorological centres and offices, MWOs and VAACs, respond immediately and perform a set of well defined actions:

The VAACs: 

· Initiate volcanic ash trajectory / transport / dispersion models in order to provide advisory information to the MWOs and air traffic Area Control Centres;

· Monitor satellite data to ascertain the presence of ash in the atmosphere;

· Prepare and issue advisory information, in text and graphical form, on the horizontal and vertical extent of the ash cloud, its predicted movement, etc; 

· Coordinate as needed with MWOs that issue warnings (SIGMET);

· Monitoring subsequent satellite information to assist in tracking the movement of the volcanic ash cloud;

· Update the advisory information as needed;

· Maintain regular contact with other VAACs and coordinate information and actions in cases where volcanic ash cloud crosses the boundary between VAAC areas of responsibility.

The MWOs:

· Notify, if needed, the designated VAAC on reports of airborne volcanic and any information they may have received;

· Advise the associated air traffic Area Control Centre (ACC) / Flight Information Region (FIR);

· Issue a first SIGMET base on preliminary information and updates based on the advisory information received subsequently from the VAAC.

The specific arrangements, roles and responsibilities of VAACs and MWOs as well as content and format of the volcanic ash advisories and SIGMET are defined in the Handbook of the IAVW (ICAO, 2004) and in Annex 3 of the ICAO Convention on Civil Aviation (ICAO ANNEX 3).

The volcanic ash text and graphical advisory messages from the VAACs and the aviation warning messages issued by the MWOs are distributed quickly and globally on the WMO Global Telecommunication System (GTS) and the World Area Forecast System (WAFS) as well as other communication systems available to ICAO States.  In addition, many of the VAACs and some MWOs also make use of the Internet to post their products on web pages.  

The World Organization of Volcano Observatories (WOVO), a Commission of the International Association of Volcanology and Chemistry of the Earth's Interior (IAVCEI), also plays an important role in the IAVW.  Many Volcano Observatories (VOs) worldwide have automated real-time monitoring systems for specific volcanoes and provide real-time reports / warnings to MWOs and VAACs whenever a volcano shows increased activity or actually erupts. This, in combination with the real-time atmospheric monitoring done by the MWOs and VAACs, enhances the likelihood of quickly detecting an eruption and warning aircraft in a timely matter.  

KEY ELEMENTS FOR A REAL-TIME WARNING SYSTEM

The success of the IAVW / MWO / VAAC real-time operational response system for airborne volcanic ash is based on a number of key elements.  To a large degree, they are identical to the ones that have already been outlined in another paper submitted to this Workshop and entitled “WMO Regional Specialized Meteorological Centres Operational Practices / Procedures and Role of National Meteorological and Hydrological Services for Nuclear Emergency Response Activities”.  As was mentioned in that paper, many of these can be considered in a generic sense as applicable to the overall question of making a real-time warning system work.  Summarizing the main points, we have:   

1- CLEAR AND WELL DEFINED PROCEDURES AND OPERATIONS
2- 24/7 REAL-TIME OPERATIONAL RESPONSE SYSTEM 

3- EQUALLY IMPORTANT: OPERATIONAL EFFICIENCY / TIMELINESS AND ACCURACY OF PRODUCTS 
4- RESPECT OF THE INTERNATIONAL AND NATIONAL ROLES / AUTHORITY OF AGENCIES AND STATES (Role of VAACs is advisory and international; role of MWOs is warning and usually regional or national in scope)

5- REDUNDANCY AND BACKUP SYSTEMS AND CENTRES (agreement of mutual assistance and backup between VAACs) 

6- COMMUNICATION SYSTEMS (robust and rapid global distribution systems, web, close contacts with Volcano Observatories, etc.)

7- REGULAR TESTING 

8- DOCUMENTATION AND TRAINING (see references section)

9- ONGOING REVIEW OF PROCEDURES, ISSUES AND REQUIREMENTS FOR FUTURE WORK AND DEVELOPMENTS (IAVW Operations Group, coordination with WMO CAeM)
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