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ACTION PROPOSED


The Meeting is invited to take into account the information provided in the document in developing the WIGOS Pilot Project for AMDAR.

____________

BACKGROUND ON THE WIGOS PILOT PROJECT

Quality assurance of AMDAR observations
State of the art on the quality assurance of observations

Atmospheric observations in the upper-air, and in particular profiles, are of significant importance for short up to long-range weather forecasts.  Data is not only extremely important for NWP but also for the forecaster for nowcasting analyses.  To supply these needs profile data radio-sondes are in operational practice for about 60 years now and have proven their outmost impact on the weather forecast.  In practice, these radio-sondes are operated by the NMHS themselves, so use, quality control and further procedures are in one hand.  Nevertheless, because of the impact of the profiles on NWP results, the quality of the observations is monitored and feed-back is given by WMO on a monthly base to some Members having stations indicated as 'suspect'.  In practice, this strategy works pretty well, mainly because the direct relationship between WMO and its Members.

Standard rules on quality control of observational data to be applied before dissemination through GTS are given in Annex IV of the Technical Regulations, i.e., The Manual on the Global- Data-processing System (WMO-No. 485).  In this manual, parameters are defined for use of the quantitative evaluation of the quality of observations.  Typical elements here are performance (availability), accuracy and timeliness.  The accuracy of the observations, to be expressed in terms of measurement uncertainty is usually quantified as biases, gross errors or RMS-errors.  Today it has become common practice to use NWP background fields as reference for the comparison with observations.  Parameters like bias, gross errors and up to a certain level the RMS errors can be well determined with such backgrounds as reference.

It is well recognized that the wish to improve the weather forecasts, inclusive of severe weather warnings and also for climate change analyses, observations should fulfill the stated requirements on availability, measurement uncertainty and timeliness.  It is understood that appropriate management to assure the quality of data needs a clear common strategy and guidance.  For this goal, WMO encourages NMHSs to implement Quality Management Systems, organized within the WMO Quality Management Framework (QMF).  Of particular interest is the QMF website http://www.wmo.int/pages/prog/www/QMF-Web/ with links to up-to-date documents providing strategic concepts and standards to be followed to assure the quality of observations. 
A CD containing a Technical Report, with an overall overview is already supplied to the Members in 2005 (WMO/TD-No. 1268).

New developments: quality monitoring of third party observations

The density of the observational networks varies significantly over the world.  Typically, surface and upper-air networks are covering rather well the well-developed countries and specific areas on the Oceans.  However many areas on the world are not covered at all and the need to reduce costs will have a negative impact on specific less-populated regions.  Satellite observations demonstrated already significant improvements in NWP forecasts and future profile observations (e.g., ADM / Aeolus) shall certainly endorse this trend, in particular, for the data sparse areas.  Nevertheless the need of in situ upper-air measurements will continue and in particular the need of local profiles.

Automatic observations from aircraft are organized for many years and the usefulness of e.g., the ASDAR Programme, is well demonstrated, in particular form ascents and descends providing many profiles.  Although ASDAR was very successful, it was found a bit curious to have two measurement systems on board to derive thermodynamic quantities.  The aircraft itself

measures air-temperature static and dynamic pressure, form which is derived the wind-vector and pressure altitude (or flight level).  To take advantage of these measurements will imply cost effectiveness assuming that the quality of the data will meet the stated requirements.  In practice aircraft sensors are well calibrated in calibration labs, which are ISO 17025 certified.  Extremely relevant to this approach is data-communication, because observed data must be available at the users' site within the required timeliness figures (e.g., 60 min.).  This strategy resulted in a close collaboration with a number of airliners and consequently in the so-called Aircraft Meteorological Data Relay, or AMDAR.  Because here a third party carries out AMDAR observations, it was essential to have a bi-directional communication facility.  The upload link is required to be able to schedule aircraft to switch off and on AMDAR data disseminations.  This feature is essential because of two reasons: 1) to switch off data streams from aircraft which deliver erroneous data; and, 2) to schedule only those aircraft preventing over-redundancy of data and therefore cost reduction.  With the latter feature such a scheduling mechanism is used to optimize the density of observed profiles in space and time.  In principle, such a mechanism can be developed as an automated process too.  Flexibility, i.e., the ability to modify the optimization scheme in real-time, is of interest here, e.g., in case the aircraft flight plan is updated or if another aircraft is chosen to fly a specific route.  An example of such an E-AMDAR profile is presented in Fig. 1.
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Fig. 1:  Example of an E-AMDAR profile, derived from AMDAR reports of ascending and descending aircraft.

For quality assurance, the first feature, the ability to switch off the data stream, is a strong requirement to prevent erroneous data to be injected into the GTS.  In fact, this mechanism should be a (near) real-time application too.  However, in such a case, the currently existing quality evaluation (QEv) or monitoring facilities will prevent data to be delivered within the required timeliness or will unnecessarily filter out valuable data.

Strategic approach for data monitoring and quality evaluation

The relevance and practices of data monitoring and quality evaluation is well expressed and documented in WMO Manuals and Guides, like those presented on the QMF website.  AMDAR observations are carried out by third party data deliverers and on board aircraft, which observe on any location and any time, typically not the synoptic times.  Moreover, the data is routed differently depending on the position of the aircraft.  Monitoring AMDAR data is therefore a bit more complex than monitoring e.g., synoptic weather stations.

Within the E-AMDAR Programme (part of the Eumetnet EUCOS Programme), 
a specific strategic approach is followed based on a strong inter-active communication link between the QEv centre, the E-AMDAR Technical Co-ordinator (TC), and the operators responsible for communication issues for the separate airliners.  The TC has a major role here; he is the first person responsible for switching off and on aircraft data-streams and to modify the schedules (see Fig. 2).
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Fig. 2:  E-AMDAR Infrastructure
In practice the QEv activities can be distinguished into three parts:

1. A daily report, send to the TC and the operators containing monitoring data of the previous day.  These data are a set of tables presenting the number of observations for each aircraft together with their average mean biases, their largest gross errors for temperature and wind, and timeliness date for each aircraft.  For this QEv a reference background field is used provided by a high-resolution limited area NWP model (Hirlam / Harmonie).  This model provides a sufficient high-resolution in space (horizontal and vertical) and in time (every three hours).  Comparison with the observations is made by interpolation between the grid points and the three hours time intervals.  Based on these daily reports the TC takes further action, e.g., by giving direct feedback to the airliners via the operators.  An interesting advantage of this daily-based procedure is the ability to observe trends in biases.  Aircraft presenting a specific, continuous trend towards a critical level can be flagged as 'critical' and an alert can be send out to the airliners (or switched off already);
2. A database oriented monthly report with graphs, and a similar but frequently updated report of the last 12 days providing trends in biases, number of observations.  Such statistics demonstrate longer-term trends making it possible to modify the actual schedule and to switch off or to re-activate aircraft; and,
3. A quarterly report, providing a general overview of the number of observations, availability in space and time, the measurement uncertainty (bias and noise), timeliness and shortcomings.  Such an overview provides both the general results of the whole observational system and for each aircraft apart.  Not that not only the data themselves are evaluated, but also communication issues and data encoding.  An interesting feature of such reports is the possibility to publish results of special case studies.  Based on specific events or incidents, or some relevant key questions (e.g., on the behavior of so-called 'warm biases'), case studies can provide a better understanding or details on experiences with AMDAR data.

Typical results from E-AMDAR QEv practices
QEvC output is focused on biases and instabilities of reported variables such as air temperature, wind speed and wind direction.  Performances, availability and the timeliness of data is another issue.  Also, and not less critical, are the bugs and errors in reports such as code errors, positional errors, reported aircraft altitude and time synchronization errors.  
Of course, errors in altitude and time of observation are critical for comparisons because the reported variables are compared with reference values at the specified time and position.  Time and positional errors can hardly been recognized.  Only if descends ends or ascents starts at a position far away of any airfield or far below the surface of a runway than the position can be marked as erroneous.  A fault in time synchronization is recognized if the reported time of observation is in future at the moment of reception at the QEvC.

A typical example of the bias and noise in air temperature for a set of individual aircraft and for number of days is shown in Fig. 3. 
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Fig. 3:  Variability of the determined O-B differences (observations minus background) for air-temperature expressed in deci-Kelvin (1 dK = 0.1 K)


After averaging a general statistical plot can be generated presenting a distribution curve and for each phase of flight (Fig. 4).
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Fig. 4:  Statistical distribution of the determined O-B temperature differences (in Kelvin) for LVR (flight level) in ASC / DES (ascending, descending)


Also statistical distributions can be determined as a function of pressure altitude (flight level), e.g., as part of a case study to learn about the behavior of temperature data as a function of altitude (see Fig. 5).
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Fig. 5:  O-B temperature difference as a function of altitude (pressure).  Solid boxes represent 50% of all data; 95% of the data is inside the open boxes. (Scaling changes at 900 hPa)


The average timeliness of E-AMDAR data is much better than required.  On average, observations made during ascend or descend are received within about 10 minutes after observation.  Flight level observations last longer, but 98% of the data is received within one hour. Timeliness is evaluated for each aircraft apart and can be visualized by a 'q-chart' as shown in Fig. 6.
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Fig. 6:  Timeliness figures for some aircraft and for one single day (light: % of data received within 45 minutes, middle: with 45 to 60 minutes, dark: more than 60 minutes delay)

General conclusions

The AMDAR Programme is in fact a good example of a third party observation system, to be used successfully by the meteorological community.  Typically, a well developed strategic plan, a well-organized data management inclusive of an appropriate and flexible data scheduling system are the fundaments of this success.  A key-role here is the continuous quality evaluation of the data streams supporting the data managers and technical coordinators to be pro-active in communication with the airliners and the control and filtering of data before input into the GTS.  Quality evaluation of this system requires a sophisticated approach and is based on continuous daily reports and reports for the longer terms to recognize trends.  Moreover, special case studies are essential to understand the value and quality of these observations and to improve the overall AMDAR system,
____________

Interesting websites for E-AMDAR:

· E-AMDAR (EUCOS): http://www.eucos.net/cln_007/nn_133388/EN/Home/restricted/eamdar/eamdar__node.html?__nnn=true
· E-AMDAR QEvC: http://www.knmi.nl/samenw/geoss/eumetnet/E-Amdar/QEvC/
