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Summary and purpose of document


This document outlines the procedures for quality control and exchange of 

results for Satellite and Aircraft data.



Action proposed


The meeting is invited to take into account the recommendations outlined


in this document and to make proposals.
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1.

Introduction
The monitoring and control of automated meteorological observations from aircraft is considered by the WMO AMDAR Panel to be of vital importance for the global Aircraft Meteorological Data Relay (AMDAR) program.  The Panel has established a project entitled Improvement in Data Exchange and Quality Control as one of four high priority projects that form approximately one third of the workload of the Technical Coordinator.

A five-tier model of monitoring and control has been established by the Panel requiring close cooperation between airlines, national meteorological services (NMS), regional AMDAR coordinators and regional and global monitoring centres.  Considerable experience has been gained over the past 15 years with this model that has proven to be very effective in detecting and eliminating sources of erroneous data.  The Panel has established guidelines for these procedures as a set of operational standards and encourages all managers of national and regional AMDAR programs to implement them.

This paper describes the model and highlights the roles and responsibilities of the major participants.  Other papers will be presented that provide more detail on how the model is implemented by AMDAR program managers and global monitoring centres.

2.

The Monitoring and QC Model
The five-tier model consists of activities in the following areas:

· onboard the aircraft;

· at the ground based data acquisition and distribution centre;

· at the various monitoring centres;

· by the national and regional AMDAR focal points, and

· by airline technical staff.

2.1
Onboard the Aircraft
The starting point is at the data source, onboard the aircraft.  Care needs to be taken to ensure data are as accurate as possible before transmission from the aircraft by using whatever resources and facilities are available.  The real-time nature of AMDAR data is another important characteristic that needs to be preserved.  Collaboration with the airline helps to ensure sensors are correctly calibrated and that signal processing produces reliable measurements.  Since most aircraft normally have multiple sensors and independent air data computers, it is possible using either standard avionics software or if necessary, to include the functionality in onboard AMDAR software, to conduct “buddy” checking of all sensors to automatically identify an inaccurate sensor and to switch to a more reliable sensor.  AMDAR software can also conduct data smoothing to deal with single “rogue” values and the quantum nature of some measurements, eg. the 0.25 deg. C steps in static temperature due to the limitations of 11 bit data processing on most passenger aircraft.  Onboard software can also conduct quality testing such as range and rate of change checks.  Under certain circumstances, the operational attitude of the aircraft directly affects the reliability of some measurements such as wind.  It is also noted that some meteorological measurements are inter-dependent.  For example, temperature is used in the calculation of wind speed but corrections to the temperature measurement are themselves dependent on aircraft speed.  Most aircraft have multiple clocks and many are equipped with GPS systems so it is now possible to avoid timing errors introduced by pilots as has been experienced in the past by accessing more reliable timing systems.  Very few aircraft currently take advantage of these techniques to improve onboard data quality, but the AMDAR Panel is encouraging program managers to introduce them through cooperation by their respective airlines and avionics vendors.

2.2
Data Acquisition Centre
2.2.1
Data Acquisition System

Data are received by the NMS AMDAR data acquisition and processing system (ADAS) either directly from the aircraft via the aviation communications provider or via the airline.  It is preferable that such centres are operated on a regional rather than national basis to minimise duplication of effort.  The ADAS decodes incoming data, conducts rudimentary quality checking on the message format and tests for gross errors using rates of change and range limits.  It is essential that such checking does not excessively delay data distribution thus destroying the valuable close-to-real-time nature of AMDAR data.  Steps are being taken to establish faster and more comprehensive quality checking in real time along similar lines to those undertaken off line by the national and global monitoring centres.  Once checking is complete, data are encoded in either WMO FM42 (XI) AMDAR text format or FM94 BUFR format and distributed for local and global operational use on the GTS, usually in regional bulletins.

The ADAS system also has the ability to use quality flags introduced either automatically or by an operator to inhibit distribution of data from specified aircraft in the even that the data are considered to be of poor quality and unsuitable for operational use.  It is recommended that data should continue to be received and monitored until such time as the airline takes remedial action to fix the problem.  This is only possible if quality monitoring of suspect data can be undertaken without it influencing the reference system such as a numerical model.  Following a suitable period of reliable reporting, the data may again be released for operational use.  If the airline advises that remedial action will take a longer time, transmissions from the aircraft should be switched off thus avoiding unnecessary expenditure on communications charges for bad data.

2.2.2
Data Coordinator
A critical element of the monitoring and control system is the need for a designated national or regional AMDAR data coordinator who acts on data quality or other operational information provided to the program manager by a number of sources including the airlines and national, regional or global monitoring centres. One of the coordinator's main roles is to ensure that distribution of poor quality data is inhibited and to initiate remedial action in collaboration with the airlines to identify the source of the problem and have it fixed.  It is also important that relevant monitoring information be relayed back to the monitoring centres and to other AMDAR coordinators or Focal Points.  This two-way global exchange and sharing of information forms a valuable component of AMDAR.

2.3
Data Monitoring Centres
A range of NMSs and other meteorological centres undertake quality evaluation and monitoring of observations from aircraft as part of their NWP data assimilation processes either on a global or regional basis.  These centres include US National Center for Environmental Prediction, US Forecast Systems Laboratory, Meteorological Service of Canada, Australian Bureau of Meteorology, Meteo France, Deutscher Wetterdienst, UK Met Office, Royal Netherlands Meteorological Service, European Centre for Medium Range Weather Forecasts, US Navy Research Laboratory, Hong Kong Observatory and Japanese Meteorological Agency.  At least 6 of these centres currently have no direct link to any particular AMDAR program.  NCEP is the WMO designated centre for monitoring aircraft observations.  Some centres provide very useful feedback information to national or regional AMDAR program managers whilst others provide monthly global reports or lists of aircraft whose data are unacceptable for operational use.  Various centres have focused on different quality problems but they have not always shared that information with other monitoring centres or AMDAR managers/focal points.

The AMDAR Panel monitoring model has identified clear roles for two different types of monitoring and reporting centres.  AMDAR program managers have an operational need for routine detailed daily reports of all aircraft participating in their programs in order to be able to conduct a timely data quality control program and to minimise the number of poor quality observations.  It is convenient and more efficient if this is done on a regional basis, for example the Australian Bureau takes responsibility for monitoring aircraft operated by airlines from Australia and New Zealand, and KNMI conducts monitoring on behalf of the five European countries under the E-AMDAR program.  There is also a need for the larger monitoring centres to provide monthly statistical reports of all operational aircraft globally.  These reports are used to provide long term trends on individual aircraft performance and to intercompare various national and regional AMDAR programs.  They also help when program managers are addressing particular data quality problems that could be attributed to instances of poorer model performance in the more remote and data sparse areas of the world.  In these cases, the reports in effect represent global monitoring standards although most centres use different sets of performance criteria.  It is essential that at least 2 global monitoring centres provide reports because a recent intercomparison of monthly global monitoring reports shows no single centre provides data quality reports on every reporting aircraft.  This reason for this needs investigation.

Another vital element to the AMDAR quality control model is the rapid feedback and liaison required between monitoring centres and national or regional focal points when a special investigation is being undertaken.  This process has been extremely beneficial in quickly identifying and fixing prime causes of bad data.  Its effectiveness is entirely dependent on the close cooperation between the detecting centre, the meteorological AMDAR focal points and the airlines.  The process usually commences when a monitoring centre identifies a particular problem with a batch of bad data.  If the country or region of the offending aircraft is known, the centre quickly contacts the regional or national focal point.  If this information is not known, the centre may contact the AMDAR Panel Technical Coordinator (TC) who can readily identify the relevant AMDAR centre and responsible focal point.  The TC then passes the information to the appropriate regional or national focal point for action.  In either case, the regional or national focal point raises the problem with the relevant airline and seeks an early indication of how long remedial action will take. That information is then fed back to all concerned including the originating centre as well as other centres in most cases.  It is the aim of the model to provide this feedback information to concerned centres within 48 hours.  Focal points then take appropriate action as required to inhibit distribution of data from the aircraft involved.  The benefits of this process in addition to normal quick remedial action is that in most cases, the early detection of a problem has enabled the causes of serious data errors to be more readily identified.  The cause is often due to an upgrade in software somewhere in the AMDAR system.  It can for example be related to action being taken by an airline without the knowledge of the relevant AMDAR program manager that ends up producing unexpected errors either on individual aircraft or across aircraft fleets.  Information on the various types of problems and the causes is usually passed to all national and regional focal points and most monitoring centres because it is likely that other airlines will have similar problems over time. The US Navy Meteorological Center has been particularly helpful in this process whilst other centres have raised the occasional problem.  Some national and global centres tend not to share this valuable information.

2.4
AMDAR Focal Points
National and regional AMDAR program managers are normally the respective focal points for matters relating to automated aircraft observations. They carry responsibility for being the principal contacts for all matters relating to the national or regional AMDAR programs.  They may in turn refer to others for advice and information but they make it much easier for anyone outside the country to make enquiries and seek information.  The national focal points also work directly with their counterparts in the participating airlines thus forming the vital direct link for two-way information exchange.  In a large regional program such as in Europe where 5 national programs have been merged into a very well organised and funded regional program on behalf of 18 countries, the E-AMDAR program manager is the focal point.  He is assisted by a technical coordinator who manages the day-to-day operations including data monitoring and control. In turn, these people work with the program managers as the focal points for each of the 5 respective participating countries.  National focal points have been appointed in South Africa, Australia and New Zealand for existing programs and in Canada, Saudi Arabia, Japan and Hong Kong China for developing programs.  Focal points have also been appointed to countries considering AMDAR programs including Korea, Singapore, Malaysia, China, Chile, Argentina and Brazil.

The AMDAR Panel Technical Coordinator maintains regular contact with all national and regional focal points and is always available to act as the initial contact point on any matters relating to the global AMDAR program.

2.5
Airlines
The airlines naturally play the most important role in the provision of data and ensuring the data are of high quality.  In most cases, there is a close collaborative working relationship between the NMSs and participating airlines based on mutual trust and respect that has been built up over several years. It should not be forgotten that airlines regard AMDAR data as proprietary information belonging to the airline for use for legitimate meteorological purposes only. They recognise that the data are exchanged in close to real time to other meteorological services globally and to related agencies and research centres.  They also appreciate the benefits of a well organised data monitoring and control service provided by the national NMS because in effect, it provides a daily calibration and performance assessment service of important aircraft components.  Over recent years, participating airlines have become more responsive to requests for action to be taken on poor quality data.  In the past, some airlines were not interested in attending to a temperature probe unless it had errors greater than 5 deg. C.  It is now quite normal for them to investigate sources of error when they approach 2 deg. C.  It is also normal for airlines to investigate problems quickly and to provide feedback information including the likely source of error and an estimate of time needed to fix it.  However, this is not always the case and hence the need to be able to inhibit data distribution.

3.

Improving System Effectiveness
In order for the monitoring and QC system to work more effectively, closer collaboration is required between all participants but in particular, between global monitoring centres and AMDAR focal points.  The system is designed to identify poor quality data and the aircraft that produced it as quickly as possible so action can be taken to minimise further production of bad data from that aircraft.  It is also very important that information be exchanged routinely between focal points on the causes behind the production of bad data and between monitoring centres on the methods used to identify bad data and bad data events.  The purpose behind sharing this information is to improve the effectiveness of the system by ensuring others are informed to help reduce delays in identifying and distributing poor quality data should the same problems arise elsewhere in the future.  This is achieved largely through the links maintained by the AMDAR Panel Technical Coordinator.  The Panel plans to automate this process as much as possible through the development of a data monitoring and control section on its web site when constructed.  It is proposed to include routine monitoring reports and a bulletin board for relevant data quality information to be posted and exchanged.

The AMDAR Panel encourages all major monitoring centres to provide detailed global monitoring reports and to participate as much as possible in the detection, reporting and exchange of information on significant “error events”, ie. in cases where new systematic errors are clearly identified.
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