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UPDATE ON THE GLOBAL AMDAR PROGRAMME 

1.
Introduction
1.1
The global AMDAR programme has made significant progress since the June 2004 meeting of ET-ODRRGOS.  In particular, all recommendations concerning AMDAR from the ICT-IOS to CBS and Executive Council are being addressed.   New programmes have commenced operations, effort continues to populate the defined data sparse areas with vertical profiles, and operational trials have been conducted on the WVSSII humidity/water vapour sensor, TAMDAR and alternative AMDAR technologies.  Progress has also been made in regard to training in the awareness of AMDAR and its operational use.  However, much more work is required to satisfy these recommendations.

2.
System Development and Data Coverage

2.1
Existing programs in Australia, the US and Europe have expanded coverage both domestically and internationally providing more profiles in data sparse regions of Africa, Eastern Europe, parts of Russia, the Middle East, South and East Asia and South America.  South Africa is well underway with expanding its domestic and regional program in Southern Africa and has increased its international coverage to include more reporting aircraft on routes to destinations in Africa, South America and Asia.  Up to 190,000 observations per day are being exchanged on the GTS.  However, up to a further 70,000 observations that are being collected in TAMDAR system evaluation trials and remote operations, are not being exchanged.  Figure 1 shows global 24-hour AMDAR coverage on 4 November 2005 and Figure 2 shows 24-hour coverage over the Middle East and Africa on the same day.  Difficulties continue to be experienced in finding airports that do not impose night-time curfews and airlines including freighters operating during these hours that are prepared to participate.

2.2
New programs that were commenced by Saudi Arabia and Hong Kong China in 2004 are continuing to expand slowly with a small number of aircraft reporting.  Japan, China and Canada have since commenced operational programs.  Figure 3 shows 24-hour coverage over Eastern Asia on 4 November 2005.  Finland is completing testing and will become part of the E-AMDAR program.  New programs that are under development in Repub. of Korea and Chile should become operational by mid 2006.  The new East Asian Regional AMDAR group was formed in October 2004 comprising participants from China, Japan, Hong Kong China and the Republic of Korea.  The regional Focal Point is Mr. Xu, China.
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    Fig.1 – 24-hour Global AMDAR Coverage 

  
        Fig. 2 – 24-hour Africa and Middle East Coverage
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2.3
As a result of AMDAR technical workshops in Bucharest and Budapest in December 2004, programs are in the early development stage in Romania, Slovenia and Austria.  Other programs are being planned or considered in Argentina, Brazil, French Polynesia, United Arab Emirates, Mauritius, Malaysia, India, Pakistan, Kenya, Iceland, Ireland, Italy, Portugal, Spain, Morocco, Russian Federation, Hungary, Poland, Czech Republic, Bulgaria, Croatia and the Ukraine.
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3.
Provision of Targeted Observations and Optimsation

3.1
Some 21 cities in 16 countries in Africa (excepting those on the Mediterranean coast) are receiving 2 or more targeted profiles on most days from aircraft operated by South Africa, E-AMDAR and a small number from Australia.  Formal arrangements have been completed for E-AMDAR to provide targeted data for Southern Africa.  Work continues on the establishment of a substantial targeted program over Central and West Africa and Madagascar through arrangements between E-AMDAR and ASECNA.  The program has been delayed due to difficulties with development and installation of software on Air France aircraft.

3.2
As previously mentioned, many of the existing operational programs (US, Australia, South Africa and E-AMDAR) are providing targeted data into many data sparse regions as part of their contribution to the WMO WWW program.  The US is particularly interested in developing targeted programs for regions in the Caribbean, Central and South America. 

3.3
Australia is planning to help develop a regional program of targeted observations in the South West Pacific that will hopefully grow into a small local operational program.  Preliminary discussions have been held with New Zealand to assist and with France to collaborate with developments in French Polynesia.

3.4
AMDAR support for the IPY2007-2008 is being undertaken by Canada as it extends operations into arctic Canada, and by Germany and Sweden as they activate additional over-flights and profiles by extending operational programs into high latitudes.  The US, Australia and Chile are actively planning to introduce first AMDAR operations into Antarctica in time for the IPY.  The AMDAR Panel Technical Coordinator is a member of the WMO Intercommission Task Team on the IPY 2007-2008.and is assisting with coordination of this effort.

3.5
Some national studies have assessed the potential impact of targeted AMDAR data on the ability to forecast special weather situations.  The work of ECMWF using the GADS database has highlighted a number of events to show the benefits of AMDAR data fore this purpose.  E-AMDAR has developed most of the tools to accomplish this but it is very difficult to obtain profiles in the required locations upstream of most of Europe.  Enroute data and some profiles in Iceland and some of the Atlantic islands off Africa are all that are currently possible.

3.6
E-AMDAR continues to develop and refine its optimisation schemes.  The benefit has been shown to be very positive.  This will become even more useful as the E-AMDAR program begins to incorporate additional airlines and extend the program through the participation of programs in Central and Eastern Europe.  E-AMDAR, in collaboration with ECMWF, undertook a 2-phased high frequency trial in 2003 to evaluate the impact of obtaining high frequency and optimized data on NWP forecasts over Europe.  It was concluded that over much of Western Europe, the high frequency one-hourly profiles provided minimum improvement over the regular 3-hourly profiles for NWP applications and that it would be better to use the available funding to provide data into the less data rich areas.  ECMWF produced the final report in February: 
TechMemo 457:

Andersson, E., C. Cardinali, B. Truscott and T. Hovberg:

High-frequency AMDAR data - a European aircraft data collection trial and impact assessment
3.7
Canada has also established an operational optimisation scheme. The US and Australia are planning to develop appropriate systems in the near future as both countries see this as an essential component of major operational programs.
4.
Onboard Software and Alternative AMDAR Technologies
4.1
Although the ARINC 620 V4 software specification was approved 2 years ago, no products have been developed.  However, several development projects are being planned, one by Lufthansa and another through an international AMDAR collaboration led by E-AMDAR with Airbus.  Airbus proposes to offer the software to customers as a standard package across their various existing fleets and for all new model aircraft.  Potential implementation is for at least 2 thousand aircraft to be configured over the next few years.  The upgraded Version 2 of our AAA software has been installed on the new SAA Airbus fleet and is being prepared for installation by LAN Chile.  E-AMDAR is also working to have it installed on BA aircraft.  The AAA package also needs to be upgraded to enable reporting of humidity and so a further development project is being prepared.  Two versions are needed to accommodate some substantial differences in avionics on existing aircraft.  As each individual development of new software is likely to cost the order of $100,000, progress will necessarily be slow unless more projects such as the potentially very cost-effective one with Airbus can be found.

4.2
Significant progress has been achieved with the development of alternative AMDAR systems.  The TAMDAR system is nearing the end of a 12-month trial in the US on 64 regional aircraft.  ESRL GSD has conducted ongoing evaluations during this period and runs routine intercomparisons against the Rapid Update Cycle (RUC) model.  A recent summary by Dr. Bill Moninger stated that in brief, the results of the TAMDAR/no-TAMDAR RUC comparison were:

· TAMDAR improves lower tropospheric forecasts of temperature and winds, and during the summer months, relative humidity at 850 hPa;

· The key areas of improvement have been in low clouds, precipitation, frontal zones, and convective forecasts;

· Through close interaction between GSD and AirDat, some systematic observation problems have been identified and fixed;

· However some problems remain which AirDat is actively working to fix;

· The data suggest that TAMDAR will have a larger impact on RUC forecasts once these problems are corrected.
4.3
Canada has commenced testing a TAMDAR unit and plans to install more over the next few years to overcome deficiencies in sensors on smaller regional aircraft.  France has also purchased a TAMDAR unit for evaluation.  It has plans to use the sensors to obtain data in some of France’s island dependencies.  Australia also is considering the use of TAMDAR units but is waiting to see the results of the various operational trials.  However, one of the main obstacles with TAMDAR is the constraint imposed by the system vendor, AirDat that prohibits the free exchange of data if customers first obtain that data via the company’s global data retrieval and distribution network.  It is technically possible for customers to purchase their systems and operate independently from the vendor but current experience indicates this can be very difficult for a number of reasons.

4.4
E-AMDAR and Canada have undertaken trials of 2 new systems (AFIRS and a TAMDAR-LEO hybrid).  This will enable Canada to obtain data from flights into Canadian Arctic regions and other data sparse areas of the country.  Australia will install an AFIRS system in 2006 and is planning to evaluate a very inexpensive and broadly based ADS-B air traffic surveillance system being installed by Air Services Australia.  The ICAO ADS-C system operates over the North Atlantic and SW Pacific Ocean areas and provides a relatively small amount of automated data.

5.
Humidity/Water Vapour Sensors

5.1
WVSSII water vapour sensors produced by SpectraSensors, a US company, have been installed on 25 UPS B757 freighter aircraft and are undergoing operational evaluation.  Initial results are very encouraging and show this sensor performs considerably better than version 1, but some additional modification work needs to be completed.  A short intercomparison trial over the US Great Lakes region against radiosondes and other upper air systems was conducted in mid 2005.  Guidance on the suitability of the reference radiosondes was sought from the Vice President of CIMO, Dr. Nash to ensure that a traceable link to existing WMO performance standards was achieved.  The trial resulted in a small number of important items requiring attention, one of which requires the sensor to undergo another certification process with the FAA.  A draft report of the trial has been prepared by Dr. Ralph Petersen that is expected to be made public by the end of 2005.  Unfortunately, one or 2 of the required modifications have changed some important characteristics of the sensor package, so a second intercomparison trial is necessary.  The report will also include the results of a study of the impact that WVSSII water vapour data have on NWP forecasting.  Data are being exchanged on the GTS.

5.2
E-AMDAR has commenced a substantial WVSSII evaluation program.  Laboratory testing by the Juelich Research Centre in Germany has been completed and following the certification process, operational trials on Lufthansa A320 aircraft and possibly one MOZAIC A340 aircraft will commence in the second quarter of 2006.  Other international purchase and evaluation collaboration has been organised by the AMDAR Panel with Australia, New Zealand and South Africa who will install a small number of sensors for operational testing.

5.3
Another major step forward has been the interest and involvement of Airbus Industries who, in collaboration with the AMDAR community, are planning to complete the certification process on the entire A320 family and extend this to all other Airbus models.  They plan to offer the sensor as a routine optional component to all Airbus customers.  A business case is being prepared in collaboration with E-AMDAR and the AMDAR Panel.  If this process is successful, a similar project will be attempted in the US with Boeing.

5.4
Much more development work is needed on the UK and Russian sensors.

6.
Data Exchange, Monitoring and Quality Control
6.1
Changes to FM94 BUFR code to improve the exchange of AMDAR data have become operational.  A trial is being planned by Australia and the UK to test the new CREX encoding of AMDAR data.  Most of these changes and new codes are designed to make it easier for developing countries to receive and use the data.  Discussions continue with the provider of the TAMDAR system to allow for the free exchange on the GTS of TAMDAR data.
6.2
Substantial progress has been made in the area of data monitoring and quality control.  All monitoring centres have made substantial improvements to their AMDAR data quality monitoring systems.  Particular attention has been given to presenting the results so that they are more useful to program operators.  The commencement of 5 new operational programs has presented some interesting challenges over the past 18 months.  A series of studies have shown that temperature data quality is very clearly linked to individual aircraft types and even to various models of the same aircraft type.  Clear differences in bias are seen between ascent and descent profiles on many aircraft.  The AMDAR Panel Science Sub Group is committed to investigate the causes for these differences but it is likely to be a very difficult task.  Similarly wind data is proving to be a problem on some aircraft, particularly the smaller regional aircraft.  This has become increasingly obvious over the past 12 months as the first fleets of regional jets and turbo props in Europe, Canada and the US become operational.   It is emphasized that progress in this area is severely limited because of the much poorer quality data produced by avionics systems on the smaller regional aircraft.  Much effort and expenditure will be necessary to help overcome these problems. Another major problem is the very poor wind quality derived from aircraft in high latitudes.  This is a direct result of the problems associated with navigation and in particular magnetic heading that is completely unusable at these latitudes.

6.3
It has been mentioned at previous Expert Team meetings that some preliminary evidence produced by the E-AMDAR QEv centre at KNMI shows that in many cases, temperature bias is directly related to phase of flight and in particular to aircraft type and model.  A further study by Dr. Brad Ballish of NCEP using the first guess field of the NCEP Global Data Assimilation System (GDAS) confirms this situation as shown in Figure 5.  The study also reveals that radiosondes have a negative bias when compared to the GDAS whereas aircraft have a positive bias as shown in Figure 4.

Much work is needed on data quality.
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7.
Training
7.1
Dr. Jochen Dibbern (Germany) was appointed as the CBS AMDAR Rapporteur with particular responsibilities in awareness and operational training.  CBS XIII and EC LVII approved recommendations to develop a training concept for the use of AMDAR data including an implementation plan.  EC decided that a CAeM/CBS task team should be established to evaluate current training activities and requested Regional Rapporteurs in consultation with the OPAG IOS Rapporteur on AMDAR to develop a questionnaire on AMDAR training requirements.  The AMDAR Panel formed a training sub-group at its Seventh meeting in Oct. 2004.  The group has completed the training questionnaire that has been passed to the WMO Secretariat for distribution to Regional Associations and other relevant groups.  Several familiarization seminars were also held during 2005.

Major technical training events took place in December 2004.  2 technical seminars were held in Bucharest and a large 3-day workshop was held in Budapest with 13 participating countries from Central and Eastern Europe.  Workshops have been formally requested by the Russian Federation, Morocco, Brazil and Kenya and informally by India, Bulgaria and Croatia.  A workshop on the Great Lakes Field Experiment on TAMDAR (GLFE) was held in August 2005 where internal US user information was provided. 

8.
Other Scientific Matters

8.1
The AMDAR Panel Science Sub-group (SSG) has a identified a large work program to address a wide range of specific issues related to improving data quality.  Major topics include the measurement, reporting, monitoring and quality control of temperature, wind, aircraft navigation, humidity, altimetry, icing and turbulence.  It will also monitor and assist with the development of alternative AMDAR systems, targeting and optimisation programs and where possible assist with impact studies.

9.
Additional Information
9.1
More detailed information is available from the WMO AMDAR website.  Working documents and the final report of the recent Eighth Meeting of the AMDAR Panel, Santiago, Chile, 5-7 October 2005 are available respectively at the following URLs:

http://www.wmo.int/web/aom/amprog/Documents/AMDAR-8-Santiago-2005/doc-plan.htm
http://www.wmo.int/web/aom/amprog/finalreports.list.htm
_______________

Fig. 3 – 24-Hour AMDAR Coverage over East Asia


4 Nov. 2005





� EMBED Excel.Sheet.8  ���





� EMBED Excel.Sheet.8  ���





Fig. 4 – Temperature bias of aircraft and radiosonde observations compared to NCEP GDAS





Fig. 5 – Temperature bias by aircraft type compared to the NCEP GDAS
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