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Proposals for Update to the Guide to WIGOS

1. Background
ET-ABO has concluded that the AMDAR Reference Manual, although still useful, needs to be updated. ET-ABO therefore included in its Work Plan for 2014-2015 a task “Revision of AMDAR Regulatory Material in WIGOS Context” (Task 28). A small drafting team consisting of some members of ET-ABO and the WMO Secretariat was given the task of drafting both a Manual and a Guide on aircraft-based observation for inclusion in WIGOS Regulatory Material. This document deals only with the draft Guide.

2. The drafting process
The drafting of this Guide was done by Stig Carlberg, Frank Grooters, Jitze van der Meulen and Dean Locket.  The drafters first agreed on a preliminary structure for the Guide. The various contributions to the text were successively inserted in this structure in a document on Google Docs. The text is partly new and unique, partly copied (sometimes modified as needed) from other WMO publications or from the WMO website. In this way a consolidated draft was created.

Members of the drafting team made comments in the consolidated draft as they found time to make a review during the drafting process.

In some paragraphs the text refers to Annexes in the AMDAR Reference Manual with the intention that they will be included in the Guide. However, these Annexes must be reviewed and updated as necessary before being included in the Guide to WIGOS. As no review or updating has been done so far, the Annexes are not included in the consolidated draft of the Guide.

Annexed to this document is a copy of the consolidated draft as it was on 30th November 2014 at 1900 CET.

3. Items that need to be discussed

· Quality terminology: In the document structure are several items that relate to quality (quality monitoring, quality management, quality control) but it seems that the separation between these items is not always clear or consistent. It is necessary to clarify the terminology and make it consistent with ISO 9000 that is the basis for the WMO Quality Management Framework.

· Balance between main text and annexes: The AMDAR Reference Manual is basically a few pages with a short overview text plus several annexes with a lot of technical details. When I started working as E-AMDAR Programme Manager I found the general text interesting but too short to give a really good overview and understanding of AMDAR. 

Ideally the text in the Guide should be comprehensive enough to give the reader a good overview of aircraft-based observations and their role in the WMO programmes for observations. 

Some parts of the draft are probably to long (e.g. section 2.2) while others may be too short. How do we find the right balance? I would prefer a text of e.g. 20-30 pages that is a “stand alone” description for the reader that does not have to go into the technical details. And it should not be necessary to consult several other publications to get sufficient overview of the subject of aircraft-based observations for meteorology.
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3.4 Aircraft Meteorological Stations
1. Aircraft-based Observations [Stig]
(Intro about Why using aircraft for observations, etc. This section is where we should make refrence to ICAO provisions for “aircraft observations” and explain the relationship with WMO ABO.)
1.1 Introduction
In the context of this guide, aircraft-based observations (ABO) are defined as a set of measurements of one or more meteorological variables, along with the required measurement metadata, made at a particular time or according to a defined scedule at a location or series of locations in three dimensional space from an aircraft platform. Such observations might be made or obtained from commercial passenger, military, private business, unmanned or other aircraft, utilising either existing or purpose-deployed sensors and systems. 
Ideally and whenever possible, ABO should be made so as to best meet or contribute to the meeting of meteorological requirements for upper air data as defined in section XX.
,
Thousands of aircraft flying through the atmosphere every day offer an efficient and cost effective way to gather meteorological information. The reason is that while flying the aircraft’s sensors register air temperature, wind speed and direction and other characteristics of the atmosphere as this information is necessary for the aircraft’s navigation systems and for other purposes. However, this information usually remains onboard in the aircraft’s computers as the airline’s ground services have no immediate use for the data.
For the purpose of this Guide a distinction is made between two kinds of ABO:
1. Mandatory observations to be made by aircraft operating on international air routes. This is regulated by the International Civil Aviation Authority (ICAO) and described in their publication Annex 3 to the Convention on International Civil Aviation. The same regulations are also published in WMO No 49 Technical Regulations, Meteorological Service for International Air Navigation.
2. Additional meteorological observations from commercial aircraft operating on national (and international) routes and based on agreements negotiated between NMHSs and partner airlines.
It is an obligation of each Contracting State of ICAO to arrange observations according to point 1. These observations generally lead to an accumulation of data at reporting points fixed at intervals of 10o longitude or latitude along major air routes, with most altitudes being between the upper standard pressure levels, 300 hPa and 150 hPa. The various ICAO observation systems are only briefly described in this Guide as general information.
The aircraft-based observations according to the ICAO requirements and regulations are not further specifically considered in this Guide. The reader is referred to the publication WMO No-49 Technical Regulations, Meteorological Service for International Air Navigation. However, the sections 3.4xx – 3.4yy below can serve as additional background information to WMO No-49.
The major part of this Guide describes aircraft-based observations according to point 2: what they offer to meteorology, how they can be planned, organised, operated and the data managed and made available to WMO Members and to research.
The WMO AMDAR (Aircraft Meteorological DAta Relay) observation system cooperates with airlines, through national meteorological services, and collects the following meteorological data from commercial aircraft and distributes the data to the meteorological services: 
·   
High resolution vertical profiles of air temperature, wind speed and direction;
· Regular real-time reports (e.g. every 5-10 minutes) of meteorological variables while the aircraft is en-route at cruise level;

·   
Accurate measurement of coordinates (time, latitude, longitude and pressure altitude);
·   
Measurement of turbulence as DEVG (Derived Equivalent Vertical Gust) and/or, EDR (Eddy Dissipation Rate) and icing from some aircraft, and
·   
Water vapor, or humidity (from some suitably equipped aircraft).
The illustration below gives a simplified overview of the system. Details will be explained in other parts of this Guide.
[image: image1][image: image2][image: image3](Illustration wouldn’t copy from the web document)
1.2 Requirements
WMO maintains an official repository of requirements for observation of physical variables in support of WMO Programmes and Co-sponsored Programmes. The database is available at http://www.wmo-sat.info/oscar/observingrequirements. These requirements are maintained by the focal points designated for the set of application areas listed in the table below.
	No
	Application Area
	No
	Application Area

	1
	Global NWP
	7
	Ocean Applications

	2
	High Resolution NWP
	8
	Agricultural Meteorology

	3
	Nowcasting & Very Short-Range Forecasting (VSRF)
	9
	Hydrology (Hydrological information only; water quality monitoring and information is currently excluded)

	4
	Seasonal to Inter-annual Forecasts
	10
	Climate Monitoring

	5
	Aeronautical Meteorology
	11
	Climate Applications

	6
	Atmospheric Chemistry
	12
	Space Weather


The requirements database is the foundation of the Rolling Requirements Review (RRR) process (http://www.wmo.int/pages/prog/www/OSY/GOS-RRR.html). The RRR describes data requirements, which are expressed in terms of space/time resolution, uncertainty, timeliness, etc., for each of the required observed variables, and are measures independent of observing technology.
The application areas of most relevance for AMDAR are Global NWP, High Resolution NWP and Aeronautical Meteorology and requirements are defined for the variables Air pressure, Atmospheric temperature, Wind (horizontal) and Specific humidity. AMDAR data are useful also for most of the other application areas.
A description of the background for the requirements can be found in Statement of Guidance (SoG) documents available for each Application Area at http://www.wmo.int/pages/prog/www/OSY/GOS-RRR.html#SOG
1.3 Sources of Aircraft-based Observations
There exist several ABO systems supported by various organisations and companies. They will only be briefly mentioned here and described in more details in following sections.
1.3.1 The WMO ABO System is AMDAR, run by WMO Member NMHSs either as national AMDAR Programmes or Regional AMDAR Programmes where two or more NMHSs cooperate. Further information about the various AMDAR Programmes is available at http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/
1.3.2 The International Civil Aviation Organization (ICAO) maintains the following systems:
· PIREP is a pilot report about actual weather conditions encountered by an aircraft during flight. The PIREP contains information about the weather situation as well as aircraft location, time, flight level and aircraft type. The PIREP is sent usually by radio to nearest ground station where it is encoded and distributed to weather services and air traffic services.
· AIREP, aircraft report or air report, is an automated position report that also can contain weather information.
· ADS stands for Automatic Dependent Surveilance. Of interest for meteorology are ADS-B (Broadcast) and ADS-C (Contract). In ADS-B the aircraft determines its position via satellite navigation and broadcasts it and can thus be tracked by air traffic control and also by other aircraft. It is possible to derive from ADS-B wind information of same quality to AMDAR but the quality of derived temperature information is so far not satisfactory. In ADS-C temperature and wind data are generated by the same onboard sensors as those used to generate AMDAR reports. The reports are received by the Air Traffic Services who forward the meteorological information to the World Area Forecast Centres (WAFCs).

1.3.3 Third-party ABOs
Panasonic Avionics Corporation maintains a system called TAMDAR (Tropospheric Airborne Meteorological Data Reporting) that is set up in a different way compared to an AMDAR programme. The company negotiates with an airline and installs new hardware with a multiple of sensors and software on the aircraft and collects the meteorological data. These data are then sold to the meteorological service providers. Under the current business model the customers have not been allowed to distribute the TAMDAR data on GTS.
FLYHT Aerospace Solutions Ltd has an avionics system (hardware and software) called AFIRS. This an alternative to the ACARS communication system used by many airlines including those cooperating with AMDAR programmes. If AFIRS is installed on aircraft with 
sensors of sufficient quality the meteorological data generated can be used in an AMDAR programme.
1.4 Quality Management
1.4.1 WMO Quality Management System
The adoption of a quality management approach to the delivery of products and services of National Meteorological and Hydrological Services (NMHSs) has been driven by a number of imperatives. A key imperative has been the requirements of the International Civil Aviation Organization (ICAO) for the delivery of aviation weather services.
It was recognized that in the field of meteorological service for international air navigation quality management had become increasingly important and there was a need for a properly organized quality system to ensure continued high quality of data and products provided by the aeronautical meteorological services.
The World Meteorological Organization first addressed quality management in May 2003, at the Fourteenth World Meteorological Congress. Congress decided that WMO should work towards a Quality Management Framework (QMF) for NMHSs that would include the following elements to be dealt with on a phased basis: (a) WMO technical standards; (b) quality management systems including quality control; and (c) certification procedures. Congress also requested the Executive Council to guide the development of the WMO Quality Management Framework (WMO-QMF) by providing broad guidelines for NMHSs on how to develop their quality management system.
WMO and ICAO jointly developed and published in 2006 the Guide to the Quality Management System for the Provision of Meteorological Service for International Air Navigation (WMO-No. 1001) to facilitate the design, development and implementation of an ISO 9000-compliant quality management system by the aeronautical meteorological services.
Quality management according to ISO 9000 Standards is based on eight principles:
· Customer-focused organisation
· Leadership
· Involvement of staff
· Process approach
· System approach to management
· Continual improvement
· Factual approach to decision-making
· Mutually beneficial supplier relationships
NMHSs are encouraged to undergo third-party certification of their QMS to achieve compliance with the ISO Standard ISO 9001:2008, Quality management systems – Requirements. To assist this WMO has produced a Guide to Implementation of a Quality Management System for National Meteorological and Hydrological Services (WMO-No 1100). Although the document will be available in hard copy, the prime publishing format will be that of an on-line foundation document on the WMO Quality Management Framework (WMO-QMF) Website (http://www.bom.gov.au/wmo/quality_management.shtml). Wherever possible, the Guide will provide hyperlinks to other resources to ensure, as much as possible, the longevity of the document in terms of its currency and ongoing value.
1.4.2 WIGOS Quality Management
The WIGOS Technical Regulations (link) and the Manual on WIGOS (link) establish a Quality Management System (QMS) for WIGOS. The purpose of the WIGOS QMS is to provide a comprehensive system of recommended procedures and practices to direct and control the quality of basic and specialised environmental data derived from WIGOS and to ensure implementation of the WMO Quality Management Framework Quality Policy, as it applies to environmental data derived from WIGOS observing systems.
Through the operation of WIGOS and the WIGOS QMS, WMO is dedicated to ensuring optimum affordable quality for all meteorological, climatological, hydrological, marine and related environmental data and data products.
The WIGOS QMS is established through the specification and documentation of:
1. A Quality Plan and,
2. The WIGOS Quality Manual.
The WIGOS QMS establishes regulations and guidelines on:
· 
Compliance, Certification and Accreditation
· 
Roles in the Operation of the WIGOS QMS
· 
Development and Implementation of Quality Management Systems
· 
Quality Control Practices
· 
Quality Assurance Practices
· 
Quality Monitoring and Quality Improvement Practices
· 
Management of Incidents and Change
·    Maintenance of Documentation
(We need to include some links as indicated, but the WIGOS Operational Information Resource is currently under construction, so I couldn’t find relevant links).
1.4.3 Quality Control of ABO
Quality Control, QC, is part of AMDAR Data Management (AMDARDM) and applies at all stages of data production and dissemination.  The main requirements are dealt with in more detail in Appendix XXX (= use relevant material from ARM Appendix IV).
Real-time QC of AMDAR data is needed
(i)   
At the measurement stage on board the aircraft.
(ii)  
At the code conversion stage to GTS format.
(iii) 
At the data assimilation stage for real-time applications.
The first two stages are necessary to ensure adequate quality of the data released for general user applications.  The third stage is desirable to eliminate or flag erroneous data from model or analysed fields or for subsequent climate or archive purposes.
Quality evaluation (QEV) is a process carried out in near or non-real time to apply statistical tests to individual or sets of AMDAR reports. This process will generally identify long-term sensor drift or constant measurement bias as well as highlighting platforms that are consistently transmitting poor quality data. The QEV process is an important link in the total AMDAR Quality system and provides the most important feedback path for remedial action.  Guidelines for an AMDAR quality system including QC, QEV and subsequent actions are given in Appendix XXX.
1.5 Provision of Aircraft-based Observations on the GTS [Jitze]
1.6 Observational Metadata Requirements and Management [Jitze]
1.7 Observational Metadata Requirements and Management
Observational metadata refers to all types of metadata necessary to interpret the observational (sets of) data. Information contained in the metadata database will be related to the specific type of aircraft, the sensors, the siting, maintence issues and calibration figure. Also metadata on the specific software (or calculus) used to process data to generate the reported variables. Also metadata related to quality control processes, data communication practices, data processing and delivering centres shall be provided and archived. The best practice is to report metadata together with the observational metadata (i.e within the same BUFR bulletin).
Further details related to aircraft based systems can be found in par. 2.1.4
1.8 Regional Aspects [Jitze]
1.9 Capacity Development [Jitze]
[currently in the Guide: 3.4.6   
Personnel and   training. Making meteorological measurements and observations on board the aircraft is a part of pilots’ training in which National Meteorological Services should cooperate as far as possible. à out of date, except for AIREP]
As far as systems on board deliver observational data fully automatically, it will not be necessary to train pilots to make and report observations. Nevertheless it is recommended that pilots are informed as part of there training on the usefulness of these observations. Irregularities in measured variables and position may be recognized and reported by pilots which will result in error reductions.
It is expected that aircraft designers are well skilled in siting and installment of the specific sensors delivering the required variables and position information. Nevertheless it is required that airlines can deliver sufficient information with explanation to prove that the quantities are expressed in units traceable to SI inclusive their measurement uncertainty. To be able so, maintenance personal shall be well trained to demonstrate the validity of these statements. As all of the reported variables are based on measurements by different sensors and dedicated calculus (encoded in the on board software) the traceability chain may be quite complex, which requires a relatively high level of skillness in metrology.
Knowledge and experience in the quality and performance of aircraft based observations are essential requirements to correctly use these observations in dedicated applications such as temperature and wind profiles. Forecasters should be well trained and informed understanding that tehs eprofiles are based on a set or sets of single level observations made by one or more aircraft and within a relative large three dimensional area.
Further details related to aircraft based systems can be found in par. 2.1.6
[from the AMDAR website:
10. Projects and Development
While the AMDAR Observing System is a mature and stable operational observing system, there are many developments and enhancements underway or planned that are expected to greatly improve the system and it's operational coverage.
These include:
1. Development of new programmes that will improve upper-air data coverage including:
·         Regions I and III
·         Eastern Europe
·         Western Asia
·         The Southwest Pacific
·         Central America
·         The Middle East
2. Implementation of water vapour measurement as a component of the AMDAR Observing System.
3. Implementation of turbulence monitoring and reporting.
4. Implementation of icing monitoring and reporting.
5. Wider implementation of ground-based AMDAR Data Optimisation.
6. Greater integration of AMDAR standards and protocols into the avionics and aircraft manufacturing process.
7. Implementation of routine data targeting in support of weather systems monitoring and prediction.
These projects and developments have been commenced under the work of the WMO AMDAR Panel and will be continued under the Aircraft-based Observations Work Program.
2. Aircraft-based Observing Systems
2.1. AMDAR [Frank]
(This section could start with History and Current Governance of AMDAR)
The history of the use of an aircraft platform as a meteorological observing system goes back to the late 1910’s when so called meteographs were mounted to one of the wings of early military biplane aircraft. A meteograph made recordings of air pressure, air temperature  and humidity. The data were used for tracking layers of air in the higher atmosphere. Once or twice per day pilots flew pre-defined tracks for 1 hour up to 5000 to 6000 meters.
Aircraft soundings were discontinued in the early 1940s with the advent of the radiosondes.
The use of modern navigation and communication systems in the 1960s and 1970s sparked renewed interest in the use of aircraft to measure and report meteorological data. Automated Weather Observations by aircraft was first used to relay wind and temperature data in support of the Global Weather Experiment FGGE[1] in 1978-1979. One of the instruments contributing to the FGGE dataset was a newly developed automated weather observing system installed in aircraft, called (prototype) ASDAR (Aircraft-to-Satellite DAta Relay) providing wind and temperature information from different levels of the atmosphere. The information was transmitted through the geostationary meteorological satellites for injection into the GTS.
A consortium of 10 WMO Members funded the industrial development of the next generation ASDAR equipment which was operational in the period 1991-2007. The development was supervised by the Consortium for ASDAR Development (CAD). For support of the operational phase the CAD was transformed into the Operational Consortium for ASDAR Participants (OCAP). The Operational Consortium had a Trust Fund at its disposal for the financial support of the ASDAR operations and expansion, and for contracting a Technical Coordinator. The OCAP was also supported by the WMO Secretariat.
The advent of flight computers in modern aircraft allowed an alternative approach to ASDAR by tapping the data from innate systems and instruments on the aircraft. In addition to alleviating the requirement to fit aircraft with expensive, purpose-built hardware, this approach made it possible to retrieve valuable atmospheric information and transmit it in real-time using the aircraft communications system through the installation of a dedicated software package only. This new approach was called AMDAR.
In order to coordinate and promote the development of national (and regional) AMDAR programmes, the WMO Executive Council decided at its forty-ninth session in 1997 to establish a Panel on AMDAR, composed of WMO Members that operated, or intended to operate, national AMDAR programmes. In 1998 the OCAP ceased activities and the AMDAR Panel tool over the responsibilities for the operation of AMDAR and the remaining ASDAR units and the Trust Fund. Since then the AMDAR observing system grow steadily to the level of about 600 000 daily observations globally nowadays.
At its 16th Session (2003), WMO Congress agreed with a recommendation made by the WMO Commission for Basic Systems (CBS) that AMDAR should become fully integrated into the WMO World Weather Watch (WWW) Programme. In 2007, at its 17th Session, Congress paved the way for the AMDAR observing system to become a recognised, operational component of the WWW Global Observing System.
At its 15th annual Session (2012) the WMO AMDAR Panel agreed that all was in place within WMO and its Technical Commissions to formally hand over full responsibility for the AMDAR observing system and the AMDAR Trust Fund, and for the Panel to cease its activities. The international program is now supported by an Expert Team on Aircraft-based Observing Systems (ET-ABO) within CBS and also a Team within the Commission for Instruments and Methods of Observation (CIMO), the ET-AO.
The tasks and activities of the two Expert Teams include all aircraft-based observing systems, including AMDAR, systems under regulations and cooperative arrangements with ICAO and commercially operated AMDAR-like observing systems.
The current governance of the Aircraft-based Observing System is represented in Fig. ZZ.


[1] First GARP (Global Atmospheric Research Program) Global Experiment (FGGE)

[image: image4][image: image5](Illustration wouldn’t copy from the web document)
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Figure ZZ: Aircraft-based Observing System Governance and Programmatic Structure.
2.2  Planning and Design [Stig]
(This section should contain a summary of the relevant material from WTR 2014-2 and reference it.)
This section is a summary of the WIGOS Technical report 2014-02 Requirements for the Implementation and Operation of an AMDAR Programme.
 
When considering the development and implementation of a national AMDAR programme with one or more partner airlines, it is necessary for the NMHS to address each of the following basic topics:
· Assessment of requirements for upper air data;

· Assessment of national airlines capabilities and coverage;

· Obtaining airline contacts and commencing negotiations with the airline(s);

· Building a business case for airline participation;

· AMDAR programme cost considerations;

· Contracts and agreements between NMHS and Airlines;

· Design and implementation of the AMDAR system; and

· Data display and use.

Each of these aspects is described in this document but can be considered to provide an overview only of the various considerations for each topic.
2.2.1 Assessment of requirements for upper air data
Before commencing the development of an AMDAR programme the requirements of upper air data users and applications areas, including national, regional and global, should be taken into consideration. These requirements should be assessed against the capabilities of the current national composite upper air observing system and the ability of an AMDAR programme to fill gaps and/or to provide an efficiency dividend, for example through a reduction in operational costs based on a possible reorganization of the upper air observing system in conjunction with the AMDAR programme development. Other upper air observing systems that might be considered in such an analysis are radiosondes, radar wind profilers, polar orbiting and geostationary satellites and other ground-based remote-sensing systems.
The national aspects of such an analysis can be undertaken only by each NMHS individually in consideration of both the current configuration of the composite upper air observing system and its likely future evolution.
An obvious consideration is that the AMDAR programme coverage is fully dependent on when and where the participating airlines fly to and from, and that their programmes and flight schedules can vary from day to day, week to week, month to month and seasonally depending on customer demand and other airline-dependent factors. 
Given the international operations (i.e. regional and long-haul international flights) of many national airline operators, it is also important to take into consideration that the AMDAR programme, by its nature, offers the opportunity to collaborate with regional and international NMHS partners to share and optimise the efficiency and coverage that can be provided. It is highly recommended that Members work within their respective Regional Associations and other international forums to investigate and take advantage of opportunities to collaborate on a regionally coordinated approach to national AMDAR programme development, including the possibility to share costs associated with infrastructure (e.g. ground-based data processing systems), resources and data production (e.g. an NMHS might pay the costs for data generated within its country by another AMDAR programme).
2.2.2 Assessment of national airlines capabilities and coverage
Potential operators of a national or regional AMDAR programme should start with a preliminary assessment of the national airlines’ aircraft fleets and analysis of the operational routes serviced by the airlines.
The overall aim of the survey and analysis of the national airlines should be to determine what coverage might be obtained by equipping one or more fleets of aircraft and which combination of airlines and aircraft fleets most efficiently provides the optimal coverage that best meets established requirements for upper air data.
Generally detailed information on the airline’s fleets and the flight routes that they operate can be found on the airline’s Internet website. If not, then it will be necessary to establish direct contacts within the airline (see section below) and obtain this information from those contacts.
The following aspects and questions regarding the airline especially require consideration:
· Which types of aircraft does the airline operate and over which routes does each aircraft type tend to fly?
· Of these types, which fly domestic routes and which fly internationally?
· What is the age of the aircraft? The more modern the aircraft, the more likely they will be able to accommodate an AMDAR software application. Note however that it will eventually be necessary to determine exactly which avionics the aircraft have and whether or not they will support an AMDAR software application.
· Of prime importance is whether the airline and aircraft have ACARS (communications) capability, which enables the near-real-time automated reporting functionality required for AMDAR programme operation.
· Which airports does each airline and aircraft fleet service routinely?
· Based on the airline flight schedules, how many vertical profiles per day at each airport are likely to be obtained through equipping the different aircraft types?
· Is the airline well established, stable and likely to continue operation well into the future?
· Does the airline have a strong maintenance division within the airline? While this is not crucial and, in fact, there are many airlines that outsource their maintenance operations, it is certainly beneficial to be able to liaise directly with technical people and engineers within the airline that understand the engineering aspect of aircraft maintenance and monitoring via avionics systems.
Once the initial analysis of national airlines above has been undertaken, it is then necessary to make a more firm determination on whether or not the airlines and aircraft have the required technical capabilities. This can be done by asking the airline to complete a questionnaire, the Airlines AMDAR Compatible Systems Survey that is available from the WMO AMDAR Resources website.
The survey could be completed either before or after the airline has agreed to participate in the AMDAR programme and will be necessary to identify the onboard avionics type and capabilities, which will determine the suitability and requirements for AMDAR onboard software (see section X below).
Once the survey has been completed it can be returned to the WMO Secretariat, who can assist in providing further advice regarding AMDAR software development. The relevant contacts are:
                                 
· Dean Lockett, Scientific Officer Aircraft and Remotely-sensed Observations, dlockett@wmo.int; and,

· Stewart Taylor, Chairman CIMO Task Team for Aircraft-Based Observations, stewart.taylor@metoffice.gov.uk
For a global summary of airlines operating AMDAR suitable aircraft, highlighting those that have been targeted by WMO to contribute to extending global AMDAR coverage, it is also recommended to consult the WMO report, AMDAR Coverage & Targeting for Future Airline Recruitment, February 2013
2.2.3 Obtaining airline contacts and commencing negotiations
Once it has been confirmed that one or more national airlines operates aircraft that might contribute to the WMO AMDAR programme and the upper air data requirements, the NMHS should seek to establish some key contacts within the airline so as to be able to begin negotiations and present a business case to the airline for participation in the programme.
	Airline Contact
	Role in the Airline
	Role in AMDAR Programme Development and or Operation
	Comment

	Airline CEO or other senior executive officer
	Executive manager and high level decision maker
	·   
May understand the impact of weather on airline operations.
·   
May be a recipient of the business case for programme participation.
·   
May provide initial, high-level decision on airline involvement in the programme.
	·   
Unlikely to be involved in detailed negotiations.
·   
Unlikely to be involved in ongoing aspects of the programme.

	Senior Pilot
	Senior representative of pilots to airline executive and is influential in airline decision making, particularly in relation to those aspects of flight operations and safety
	·   
Will understand the impact of weather on airline operations and efficiency, including fuel usage.
·   
May provide influence on high-level decision on airline involvement in the programme
·   
May be a recipient of the business case for programme participation.
·   
May provide a link to flight operations aspects of the programme.
	·   
May be involved in the initial negotiations
·   
Unlikely to be involved in ongoing aspects of the programme.

	Flight Operations Manager
	Manager of all aspects of aircraft flight operations and is often the contact that liaises with NMHSs for weather services.
	·   
Will understand the impact of weather on airline operations and efficiency, including fuel usage.
·   
May provide a link to aircraft maintenance and engineering areas of the airline.
	·   
May be involved in the initial negotiations and also the ongoing aspects of the programme.
·   
Often is the first airline contact made by the AMDAR programme manager due to the weather services link.

	Avionics and Maintenance Engineering
	Responsible for airline aircraft and avionics maintenance.
	·   
Will be involved in determining avionics capabilities.
·   
Will be responsible for AMDAR software integration.
	·   
Can be a useful first-up contact but usually defers to other airline managers regarding participation in the programme and its benefit to the airline.


Once a suitable group of airline contacts has been established, the NMHS should start negotiations with the airline management in order to convince them of the benefits of participation in the programme and then to reach agreement on the operation of the programme, including AMDAR fleet size and configuration, AMDAR software development and integration, implementation and ongoing costs and other factors associated with the design of the AMDAR system (see section X).
2.2.4 Building a business case for airline participation
Of critical importance in the process of convincing the airline to participate in the AMDAR programme is the development of a business case by the NMHS which should clearly establish the business relationship between the provision of the AMDAR data, resulting in an improvement to weather forecasting skill and services to aviation by the NMHS, which will lead to improved and more efficient flight operations by the airline, reduction in airline costs (e.g. fuel use) and increased airline customer satisfaction.
For more detailed information on the benefits and impact of AMDAR data, which should be used in developing the business case see:
http://www.wmo.int/pages/prog/www/GOS/ABO/data/ABO_Benefits.html
In particular, the WIGOS Technical Report 2014-1, The Benefits of AMDAR to Meteorology and Aviation , provides a detailed suite of information on AMDAR data benefits and impact that should be integrated into or referenced as part of the business case made to the airline.
Other important considerations for inclusion and explanation in the business case made to the airline are the following:
· It should be emphasised that the AMDAR software module, once installed and operational, will have no impact on the operation of the aircraft. The AMDAR software is tested and certified to ensure seamless and safe integration into the (non-sensitive part of the) avionics, such as ACMS or its equivalent.

· The AMDAR observations, collected and pre-processed by the special AMDAR software, are interleaved in the routine aircraft data flow over the standard aircraft-to-ground ACARS system.

· The airline may argue that the AMDAR data provided to the NMHS improves weather services generally, which benefits all airlines, including the competitors of the participating airline(s). While this is true, it should be emphasised that there are at least two benefits participating airlines have over non-participating airlines:

         
· The performance of onboard sensor(s) providing data to the AMDAR software, which are integral to the operation and performance of the aircraft, can be monitored as a result of the provision of AMDAR data to the NMHS. The NMHS can therefore provide a complimentary service to the airline to inform them if and when a sensor is errant or out of calibration; and

· The airline can promote its participation in the programme, demonstrating its commitment to improved airline operational performance, greater customer satisfaction and reducing its impact on the environment.

2.2.5 AMDAR programme cost considerations
The costs for the development and operation of an AMDAR programme are highly dependent on the relationship between the NMHS and the airline and the extent to which the airline perceives or quantifies the benefits based on the business case for AMDAR programme participation.
Generally, AMDAR programmes have been and are established between NMHS and their partner airlines under the understanding and agreement that the mutual benefits dictate that the NMHS should pay no more that the incremental costs only of establishing and operating the programme in cooperation with the airline.
A costing model for comparing the estimated costs associated with operating an AMDAR programme with those of a radiosonde programme was developed and some summary results are available in Annex 5 of WIGOS Technical Report 2014-1, The Benefits of AMDAR Data to Meteorology and Aviation.
In summary, the programme costs are largely dependent on the following factors:
· the communications solutions adopted in cooperation with the airline;

· the contractual arrangements between the particular airline and its data service provider (DSP);

· the volume of AMDAR data generated by the fleet;

· the extent to which the airline perceives and quantifies the benefits of participating in the programme; and,

· the extent to which the airline is willing to contribute (financially) to the programme.

The following costs have to be considered (it is also recommended to budget for additional and ongoing maintenance cost for the required ground-based infrastructure and software):
· Developmental and infrastructure costs

· AMDAR onboard software

· Software integration and rollout

· Communications infrastructure

· Data processing development

· Data optimisation system

· Ongoing operational costs

· Data communications costs

· Aircraft system utilisation costs

2.2.6 Contracts and agreements between NMHS and airlines
It is very important that an agreement, contract or memorandum of understanding (MoU) is established between the NMHS and each participating airline for the operation of the national or regional AMDAR programme. Such a document should outline the terms and conditions agreed upon to cover at least the following aspects of the programme operation:
· The time period for operation of the agreement and the programme, including an arrangement for contract or agreement termination.

· The number of aircraft to be equipped with AMDAR software for reporting AMDAR data at an agreed frequency of reporting (e.g. refer to an included specification of requirements or proposal).

· Costs payable to the airline by the NMHS.

· Requirements of the airline to ensure data supply and quality.

· Requirements of the NMHS to report to the airline any issues or faults associated with AMDAR software performance and data quality.

· The terms and conditions, including liabilities and the rights of the NMHS and 3rd parties (e.g. NMHS clients) covering use of the AMDAR data, which may desirably include ownership (i.e. jointly with the airline) of the associated meteorological data upon reception. It is critical that this aspect of the agreement at least allows AMDAR data to be distributed on the GTS and used by WMO Members according to WMO resolution 40.

· 3rd party liabilities associated with operation of the programme and AMDAR data use:

o      The NMHS should seek to ensure that the agreement precludes the NMHS from being liable for any damages (including 3rd party claims) associated with any aspect of the aircraft operation (this must be the airline’s responsibility); and,
o  
The agreement should preclude the airline being liable for damages (including 3rd party claims) associated with any aspect of data use by the NMHS and its data users and clients (this should be the NMHS’s responsibility).
· Ownership and Intellectual Property (IP) rights. The agreement might stipulate that:

o  
If appropriate and, depending on which party contributed resources to its development, the NMHS has ownership of the AMDAR onboard software.
o  
WMO and/or the NMHS have rights over the IP associated with the specification of the AMDAR onboard software.
Important Notes:
The making of contracts and agreements can be a complex process and such documents must be consistent and in keeping with both national and international laws and legislation. For this reason, it is highly recommended that Members consult with either their own or hired legal counsel to assist in the agreement development process and ensure that any agreement or contract developed is both compliant with the law and does not unknowingly or otherwise disadvantage any parties to the agreement.
In many cases, national laws prevent contracts from the waiving of 3rd party liabilities. In such cases, it is critical to undertake a risk assessment and ensure that each party has developed and implemented appropriate mitigation strategies for any risks associated with the operation of the programme.
If requested, WMO may be able to assist in the process of developing an agreement or contract between a NMHS and an airline for operation of a new or developing AMDAR programme. For example, the European E-AMDAR programme has developed a contract template which can be made available to be used as a basis and starting point for the development of a new agreement.
2.2.7 Design and implementation of the AMDAR system
When commencing a new AMDAR programme, there are many considerations that must be made in regard to the design of the system that will be required to be developed and implemented to support the reception, processing and utilisation of the AMDAR data delivered by the participating airlines.
In designing and implementing the AMDAR system, the NMHS must consider all those components of the AMDAR system that are shown in Figure 1 above. Only summary information on the AMDAR system design will be covered in this document.
For a detailed description of the AMDAR system, see the AMDAR website:
http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/AMDAR_System.html
For regulations and guidelines related to the WMO AMDAR programme, see the WMO AMDAR Resources/Standards site:
http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/resources/index_en.html
The following are the major system components that must be addressed, developed and 
implemented:
· Regional and international design considerations;

· Configuration and optimisation;

· AMDAR onboard software development and implementation;

· Air-to-ground communications;

· Ground-based communications infrastructure for AMDAR message reception and processing;

· Delivery to data users; and

· Data quality management and monitoring.

2.2.7.1 Regional and international design considerations
There are two regional international aspects of an AMDAR programme design that might be taken into consideration before designing and implementing an AMDAR programme and system. These are:
1. International AMDAR data sharing and optimisation opportunities; and

2. International cooperation on AMDAR system infrastructure;

Many national airlines operate internationally and, therefore, may be capable of producing AMDAR data both within and outside national boundaries, including both en-route data and vertical profiles at airports. This has implications for two aspects of the AMDAR programme. Firstly, if a national airline is not yet ready to participate in the AMDAR programme, it might be possible for AMDAR data to be provided over or within the country by another operational national AMDAR programme. Through a bilateral arrangement or agreement, the recipient NMHS pays the incremental costs to the operational AMDAR programme for providing the data. Secondly, when it comes to the make-up of the AMDAR fleet to be made operational, it is worth considering equipping a combination of domestic, regional and international aircraft fleets, which, when combined with suitable configuration or optimisation (see below) would allow a more comprehensive national and regional coverage. This would have several advantages including an even greater impact on national, regional and global NWP and the opportunity for collaboration and data cost sharing with other NMHSs.
The second regional international consideration may lead to significant opportunities for reducing the costs associated with AMDAR system infrastructure. Because of the international aspect of airline operations and communications and the fact that the AMDAR programme relies on using standardised aviation and meteorological communications protocols (i.e. AEEC ACARS and WMO BUFR), it is possible that AMDAR data can be received and processed by dedicated regional data processing hubs. This offers the opportunity for international and regional collaboration and efficiency dividends in relation to the development of AMDAR programme infrastructure.
Examples of regional cooperation in AMDAR are:
· The E-AMDAR programme (14 airline partners, supported by 31 member states) which provides supplementary global data outside the EUCOS domain through bilateral agreements and as a contribution to the WMO World Weather Watch Programme;

· The US MDCRS programme (7 airline partners), which provides data outside the USA domestic airspace over central and south America; and,

· AMDAR data cost-sharing between Australia and New Zealand.

This activity is strongly encouraged by WMO and can be facilitated through cooperation within WMO Regional Associations and communication between the national WMO AMDAR Focal Points.
Under the WMO Aircraft-Based Observations Programme (ABOP), Regional Implementation Plans for AMDAR have been or are being developed as a component of the Regional WIGOS Implementation Plans.
2.2.7.2 Network Configuration and Optimisation
Even before AMDAR software is developed, it is necessary to consider the likely size of the national AMDAR fleet and how data production will be configured and controlled. AMDAR Onboard Software (AOS) contains software configuration parameters and functions for optimising reporting, such as geographical area and time limiting and vertical profile targeting by airport. When limited to this onboard functionality, AMDAR systems and programmes could produce redundant data levels of up to 50% to 70%, depending on the meteorological requirements for vertical profile data, the size of the AMDAR fleet and the density of AMDAR aircraft at particular airport locations and the time of day.
Given the sometimes significant communications costs associated with the AMDAR system, AMDAR Onboard Software has been specified and developed to respond to "uplink commands", which are able to be transmitted and processed by the onboard ACARS system. Some AMDAR Programmes have then made use of this AMDAR software functionality by developing and implementing ground-based AMDAR Data Optimisation Systems. These systems automatically receive and process downlink trigger messages from AMDAR aircraft and compile and send uplink commands in order to reconfigure the reporting configuration of the AMDAR Onboard Software in near real-time based on assessment against data reporting and coverage requirements. Such AMDAR Data Optimisation Systems have demonstrated the capability to reduce the communications costs associated with the AMDAR system by 50% or more, while not adversely impacting on requirements.
AMDAR Data Optimisation Systems have been implemented in the E-AMDAR and Australian AMDAR Programmes and ARINC is able to provide this as a service to their AMDAR client NMHSs. SITA is also developing such an application as a potential service to existing and future AMDAR programmes.
For national AMDAR Programmes with fleet sizes of the order of 50 or more aircraft, it is recommended that AMDAR Data Optimisation Systems be implemented as a component of the system.
In addition to reducing costs and data redundancy levels, AMDAR Data Optimisation Systems also offer the capability of altering and adjusting data observational outputs based on short-term requirements associated with targeting for synoptic weather system monitoring and prediction.
The AMDAR onboard software also is configurable so as to control where and when AMDAR data is produced and the default configuration of the software should be discussed with the software developer and specified before the software is developed and released. This may include control over where data is produced geographically and at which airports vertical profiles are generated.
2.2.7.3 AMDAR onboard software development and implementation
The role of the AMDAR Onboard Software (AOS) is to facilitate the functions and the required system interfaces of the onboard AMDAR system. The primary functions of the AMDAR Onboard Software are:
1. Interface to and accept input data from a variety of aircraft innate avionics equipment;

2. Perform a coarse quality check on the input data;

3. Perform calculations upon the input data to derive required meteorological variables;

4. At set intervals, process collected data into standard output messages for transmission to ground stations; and,

5. Accept and process inputs, allowing users to alter the AOS behaviour.

Given that the full functionality of AOS is quite processing and computationally complex and demanding, the AMDAR system relies on and is usually best employed in modern, larger commercial aircraft, which will tend to have the necessary avionics, data computers and communications systems.
The current AMDAR Observing System relies on the communications protocols defined for the Aircraft Communications Adressing and Reporting System (ACARS), which are specified within the standards of the Aeronautical Airlines Electronic Engineering Committee (AEEC).
WMO currently specifies and maintains two meteorological standards for AMDAR Onboard Software:
1. The AMDAR Onboard Software Functional Requirements Specification (AOSFRS), which supersedes the ACARS AMDAR ACMS (AAA) specification series (versions 1 to 3).

1. The "ARINC 620" AMDAR Onboard Software versions 1 through 5 defined within the AEEC 620-7 Data Link Ground System Standard and Interface Specification (DGSS/IS), which is maintained by the AEEC Data Link Systems Sub-committee. Within the specification, AMDAR reporting formats and functionality are defined through the definition of the Meteorological Report.

The AOSFRS and the ARINC 620 specifications both rely on the basic DGSS/IS ACARS protocols. The specifications are provided from this site within the AMDAR Resources Area.
The NMHS and the Airlines will need to reach agreement on the terms and conditions for any software development that is required to be undertaken and whether there will be a requirement for the involvement of a 3rd -party applications developer. The AOS will generally be required to undergo testing and certification with the avionics manufacturer to ensure that it complies with requirements and does not interfere with or adversely affect existing and standard applications.
Further advice and details can be found in the Software Development Guidance for AMDAR (WIGOS Technical Report 2015-XX) (This is Axel’s paper).
2.2.7.3.1 Flight testing
Once software has been developed, it should be tested operationally to ensure its correct functionality and performance, including message format, response to uplink command, correct software configuration and the quality of the AMDAR data produced. Arrangements to conduct flight testing on one or more aircraft over a suitable period of time (e.g. 1-2 weeks) should be made with the airline and the AOS developer in advance and, if necessary, include a process to correct any software defects or bugs. Such testing can be initiated from the ground during aircraft maintenance but it is recommended to examine the AMDAR data received from a series of operational flights and to analyse the results very carefully before the full AOS roll out occurs and before AMDAR data is transmitted on the GTS. The flight testing process and data analysis should include a number of checks including (as a minimum):
· Comparing temperature, wind and other meteorological data with co-located radiosonde or NWP data; and,

· Validating spatial and temporal coordinates.

Experts from the Aircraft-Based Observations Programme can assist and provide technical advice in relation to AOS specification, development and testing.
2.2.7.3.2 Software roll out
Once the AOS and the data quality have been tested and approved and the AMDAR data processing system is implemented and operational, the airline can be directed to install the software across the entire proposed AMDAR fleet, which will usually occur during standard aircraft maintenance checks and processes.
2.2.7.4 Air to ground communications
The communications system that supports communications for the global aviation industry is called Aircraft Communication Addressing and Reporting System (ACARS). The aeronautical communications infrastructure that supports air-to-ground communications of ACARS is normally provided by one of the two large aviation Data Service Provider (DSP) companies (ARINC and SITA). Independent communications companies are operating similar aviation services in Japan, China, Thailand and Brazil that link to the ground-based component of the global services provided by ARINC and SITA. Both companies provide 2-way communications based on VHF, HF and satellite systems. Airlines will usually have a contract with one or more of these companies to provide global communications services for their own commercial operational purposes.
While onboard avionics applications requiring ground communications via ACARS can utilise both VHF and satellite communications systems, AMDAR software applications are generally configured to use only the VHF communications channel for data delivery. This can mean that en-route reports, compiled over locations where VHF coverage is not available, can be delayed by up to several hours and longer on long-haul international flights.
2.2.7.5 Ground-based reception and processing
Most airlines insist that AMDAR data must be sent directly from the aircraft to their own ground based data reception systems and then transferred to the NMHS. In this case, a method for transferring the data from the airline to the NMHS will have to be agreed upon and implemented. In some cases, the airline will agree to the data being addressed directly to the NMHS from the DSP, in which case it would be necessary to establish a network address and connection with the DSP. In both cases, the data is usually received by the NMHS in the same format as which it is relayed from the aircraft to the ground as a Type B ACARS message.
It is the responsibility of the NMHS to ensure that the necessary ground-based processing system for AMDAR data is developed, implemented and operational by the time the airline(s) commence producing data. 
The data acquisition and processing system is normally located in the NMHS and is required to:
1. receive the data (most usually delivered as a Type B ACARS message, for which the format can be obtained from the relevant software specification – AOSFRS or ARINC 620);

2. decode the data;

3. conduct rudimentary data quality checks (range, rates of change, observations consistency etc –  see Appendix ?? (= relevant material from ARM Appendix II));

4. reformat the data into acceptable messages/bulletins for operational use within the NMHS and for exchange on the WMO GTS.

2.3 Instruments and Methods of Observations [Jitze]
· (Info about the aircraft Avionics (could refer to avionics survey) and Sensors (refer to Chapter 3 in Guide to Meteorological Instruments and Methods of Observation – WMO-No 8)

· (This section should reference the AOSFRS in relation to AMDAR onboard software and IMO.)

· Specification of AOS Requirements

· AOSFRS

· ARINC 620

2.4 Operations                  
                  
Frank&Stig
2.4.1 General Requirements
2.4.1.1  Responsbilities of Members
It is the responsibility of the NMHS to negotiate an agreement (contract or MoU) with each participating airline. The NMHS will have to establish and operate a ground-based data processing system. This will also require a Quality Management System (QMS) that will have to carry out data quality assurance by automated real-time quality monitoring of incoming data. The QMS should also include several other routines for monitoring such as comparing AMDAR data with those from other upper air systems (radiosonde and inter-aircraft), output from NWP and reports from international monitoring centres. Through this routine monitoring it will be possible to identify systematic problems and sensor errors. Such systematic problems could be temperature sensor drift, faulty accelerometer (large unrealistic values of vertical gust) positional errors, data processing errors and data loss. These problems should immediately be reported to the airline with a request for rectification as soon as practicable. The NMHS is also responsible for transmission of AMDAR data on the GTS and for collecting relevant metadata and report these to WMO.
2.4.1.2 Responsiblities of Partner Airlines
Partner airlines have several responsibilities to facilitate and support the planning and operation of an AMDAR Programme.
They should install AMDAR software into avionics system and assist in the flight testing of the software. They should ensure that various updates of avionics system do not disable or adversely affect AMDAR. They should allow use or ownership of data for NMHS mandated purposes (WMO Resolution 40). Airlines should also try to rectify sensor issues as soon as possible (within operational constraints).  Airlines should also provide metadata. They should inform about planned operational changes of time tables, routes, fleet changes/renewals and other issues that could influence AMDAR. Finally they should charge all costs at reasonable (incremental) levels.
2.4.1.3 Responsibilities of other Partners
If the NMHS has a contract with a data service provider (DSP) for transmission of data from the airlines to the NMHS, the DSP should inform about any planned changes or incidental issues that will disturb the data transmission and rectify any issues without delay.
It is the responsibility of an ABO/AMDAR Data Centre to ensure services according to agreed Functional Requirements Specification.
2.4.2 Observing Practices
2.4.2.1 Onboard Software
Currently two diffenet ABO onboard software systems are available for producing ABO obseravtions. Modern aircraft types are delivered to an airline with the inclusion of several (ARINC) software modules, needed for the correct operation of the aircraft infrastructure, including the air-to-ground communication.  As agreed between the aircraft manufacturer and the airline, certain software modules are activated. Among these software modules is meteorological package, embedded in the ARINC 620 Data Link Ground System Standard and Interface Specification. If this module is activated, AMDAR observations can be produced.
If the ARINC 620 is not implemented or not activated (on the requiest of the airline), the implementation of  a specific AMDAR software package shall be necessary which should be    
in accordance with the latest AOS Functional Requirements Specification. 
(see CIMO IOM Report No. 115)
2.4.2.2 Reporting Frequency 
The reporting frequency during the ascent, en-route and descent phases of a flight shall be in accordance with the AOS Functional Requirements Specification, either on air pressure level specification (spatial resolution)  or on a time-based specification (temporal resolution).
[image: image7](Illustration wouldn’t copy from the web document)
[image: image8]
AMDAR Flight Phases
[image: image9](Illustration wouldn’t copy from the web document)
[image: image10]
AMDAR Observing Intervals by Flight Phase
2.4.2.3 Network Configuration including Optimisation
Ideally one would prefer to collect vertical profiles of AMDAR data at airports equally spaced with e.g. 250 km apart and with a frequency of one profile every three hours to sit the needs of NWP. However, in reality this is usually not the case. Airports are located where they are needed for reasons of transport of people and goods. In some areas they are more close to each other than would be needed from the observational point of view and in sparsely populated areas there are long distance between airports. Furthermore, an airline cooperating in an AMDAR programme might not serve all airports needed for the collection of meteorological data. This is a good reason to include more than one airline in the programme and in this way obtain observations from as many as possible of the airports needed.
It is possible to define in the AOS any combination of collecting observations during ascent, cruise flight and descent. Once this is defined the aircraft will collect data in the same way at every flight. The settings can be changed but that requires re-programming and this has to be done by the airline or the software developer. As a result, and depending on number of aircraft involved and their flight patters, this may result in the collection of more data than required at certain airports or along certain routes. These redundant data may be more than 50 per cent of the total volume of data collected and this can represent a high and unnecessary cost for the NMHS.
This problem can be solved by using an optimisation system or optimiser. This is a software application that, depending on the agreement with the airline, is nested in the IT environment of the NMHS or the airline. In the optimiser it may be defined where, when and how observations should be made. Thus one can define observations for an area or individual airports, one can define the number of profiles per time period at airports and whether observations should be collected during ascent, cruise flight and descent. It should also be possible to define the frequency of observations during each phase of flight. The selections done in the optimiser are then sent through ACARS to the aircraft(s) as an uplink command and that changes the settings in the AOS.
Ideally all participating airlines should be included in the same optimiser. If this is not agreeable for the airlines one may have two or more optimisers. However, it is strongly recommended to have only one optimiser partly in order to avoid redundant data and partly because of the development costs. An optimiser may be developed by the airline of by an independent software developer.
For more information about optimisation refer to the WIGOS Technical Report 2015-XX (this means Doug’s paper).
2.4.2.4  Air to Ground Data and Ground to Ground Data Transmission
The AMDAR data are in general sent by the aircraft’s ACARS datalink equipment via VHF radio. In geographical areas, where VHF has no coverage, HF radio or satellite communication is used and the communication service is provided by an international data-link service provider (DSP) like ARINC and SITA (in some areas like Brazil, China and Japan other national companies provide similar services). As HF radio and, satellite in particular, is more expensive than VHF some airlines may choose to store data onboard until the aircraft reaches an area with good VHF connection. This causes a delay in the availability of the data.
The data are received at the DSP’s ground reception system and, with agreement of the airline, data can be routed in parallel to the airline and the NMHS. This would require setting up hardware and software applications to route the data to the NMHS using an Internet transfer protocol like e.g. TCP/IP or FTP. In this case the NMHS will need to negotiate a contract with the DSP for providing the service.
Some airlines prefer to send their data directly from the aircraft to the airline’s ground reception system and then route the data to the NMHS. Also with this solution transfer though TCP/IP or FTP can be used. It is recommendable to set up a dedicated Internet line for this in order to secure a stable connection and to minimise delays in data reception.
In both cases the data will be received in a Type-B ACARS message format. The NMHS will have to develop a ground processing system for receiving, de-coding, quality checking the data and then re-formatting them into bulletin for operational use and distribution on the GTS.
2.4.2.5 Quality Management
2.4.3 Quality Control
2.4.3.1 Onboard data
The quality of the input data shall be derived according to a defined data validation procedure as specified in the AOSFRS (CIMO IOM No. 115). 
Input Data should only be used when:
1. It is validated using applicable avionics validation standards and,
2. It passes the Out of Range check. Input data values should be checked against pre-defined  ranges. as specified im CIMO IOM No. 115.   When the input data value falls outside this range it is considered invalid.

2.4.3.2 Ground-based Data Processing
After reception of the AMDAR observations in the processing center, the various elements in an observation shall be 
1. Validity checked

2. Processed into a WMO bulletin following the  binary FM94 encoding, according to the 

           most recent BUFR Template (Manual on Codes, WMO No. 306)
     3    Insert the AMDAR bulletind into the GTS as soon as available, in accordance with the   WMO GTS requirements (Manual on the GTS, WMO No. 386) .
2.4.3.3 Data quality monitoring and feedback to airlines
Data made available on the GTS shall be monitored (for availability) and quality evaluated preferably against the results of a regional or global model.
The resulting statistics shall be used for the evaluation of the level of functioning of the (global, regional or national)  AMDAR programme involved.
If one or more elements start deviating from pre-defined boundaries, corrective actions shall be started. One of the actions shall be to inform the airline concerned about the (imminent) failure of a sensor in an identified aircraft.
The Programme Manager shall also start the Incident Procedure, as described in 2.4.7, for that specific event. One of the actions by the AMDAR Programme Manager shall be to remove the faulty observations from being inserted into the GTS until quality evaluation has proven that the aircraft involved is producing good quality data again.
2.4.4 Data Management and Reporting
AMDARDM can be viewed within the context of the WMO World Weather Watch Data Management (WWWDM) programme.  The concept of WWWDM is one of carrying out those activities required to optimise the integration of the Global Observing System (GOS), Global Telecommunications System (GTS) and Global Data Processing System (GDPS).  WWWDM functions include:
(i)             Providing specifications for data representation, including codes and exchange formats, guidelines for the design of databases and storage of observational data and processed information.
(ii)            Defining and designing proper procedures and interfaces, particularly in the area of data processing and telecommunications, to allow Members to obtain the coherent and appropriate sets of data and products required, despite the disparity in the levels of sophistication of technology and techniques of various WWW centres.
(iii)           Monitoring of AMDAR operations and the quality of basic data and output products.
In order to meet, as far as possible, the requirements of WMO global and regional programmes and allow for the more stringent requirements of national programmes, data requirements have been developed that define:
(i)             The elements to be reported in a single observation, their ranges and resolution
(ii)            The intervals in space and time between each observation.
(iii)           The recommended averaging times for specific elements reported according to operational environment (eg phase of flight)
(iv)          The recommended data compression schemes to be employed to minimise transmission time (and therefore cost)
(v)           The recommended data selection options for space and time including route and airport selection
(vi)          The recommended output code formats for widespread data dissemination on the ground (e.g. GTS distribution)
Elements to be reported in a single observation are summarised as follows:
(i)             Latitude
(ii)            Longitude
(iii)           Time
(iv)          Pressure altitude
(v)           Temperature
(vi)          Wind direction
(vii)         Wind speed
(viii)        Turbulence
(ix)          Humidity
(x)           Icing
(xi)          Phase of flight
(xii)         Roll angle or roll and pitch angle
(xiii)        Aircraft identifier.
Further details (including units, range, reported resolution and desired accuracy as well as formats for downlinking the data) are given in Appendix XX (this refers to ARM Annex II that has to be reviewed for relevance). Refer also to the CIMO IOM Report No 115 AMDAR Onboard Software Functional Requirements Specification.
Data are circulated globally on the WMO Global Telecommunications System (GTS).   The GTS code forms that have been in common use are:
(i)             Alpha-numeric AMDAR code (WMO Code FM42 –XI Ext). The use of this code should be discontinued.
(ii)            Binary (BUFR) AMDAR code (WMO Code  FM 94). From 11 November 2014 it is mandatory to use only the BUFR code. The BUFR Template to be used is found (add correct reference here).
Downlinked data must be converted to the BUFR format before insertion into the GTS. 
2.4.5 Metadata Management and Reporting
Metadata are ”data about data” or in other words information that describes the observational data in such a way that the user can decide whether the data are suitable for the user’s intended purpose.
The WIGOS Metadata Standard (is there any later reference to a finalised document than this: see ICG-WIGOS/TT-WMD-2/Doc.5 from May 2014) specifies 10 Core Metadata Categories covering both organisational and technical aspects of data ranging from purpose of observations till reporting and ownership of data. Each Core Category contains a set of specific elements (either mandatory or optional/conditional) for reporting to the extent they are relevant for AMDAR data.
Metadata should be reported to the WMO Information System (WIS) to facilitate the use and interpretation AMDAR of data. Some of the metadata can be defined by an AMDAR programme but several of the metadata are airline and aircraft specific and the AMDAR programme has to collect these from the cooperating airlines.
The reporting format for AMDAR data is under preparation.
2.4.6 Quality Monitoring
2.4.7 Incident Management 
An incident is an unplanned interruption or reduction in quality of a service . Failure of a configuration item that has not yet affected service is also an incident. Incident management is the process of any unplanned interruption to recover as quickly and effectively as possible. The objectives include :
· Recover as quickly as possible to the normal service production and minimize the negative impact on the business;.
· Ensure that the highest possible levels of service quality and availability are met.


Incidents refer to situations that occur often at short notice and might have a time limited adverse effect on an AMDAR programme in reducing its capability to produce data to its normal extent. Examples of incidents that will have an negative effect on the production of AMDAR data:
o  
industrial actions by airline staff (usually announced a few days in advance);
o  
unplanned grounding of a number of aircraft for technical or operational reasons;
o  
updates of avionics software that disturbs the proper functioning of the onboard AMDAR software.
It is recommended that the Programme Manager responsible for the affected AMDAR programme informs the AMDAR Focal Points  (https://sites.google.com/a/wmo.int/amdar-projects-and-collaboration/email-groups/amdar-focal-points) and other operational AMDAR programmes (https://sites.google.com/a/wmo.int/amdar-projects-and-collaboration/email-groups/amdar-operational-programmes ) as well as International Data Monitoring Centres (link), describing the incident and the possible actions taken in order to minimize the effect on the AMDAR data provision. If available, a time indication should be added at which the status is brought back to the situation prior to the start of the incident.
2.4.8 Change Management
Change management in an AMDAR programme means defining and implementing procedures and/or technologies dealing with improvements in the service environment and to profit from the changing opportunities.
In contrast to incident a change is seen as a situation that is planned and that will influence an AMDAR programme for a pre-defined time and therefore might reduce the programme’s capability to produce data to its normal extent if no optimisation system is available. Examples of such changes are:
· an airline stops serving a certain geographical area that is part of the AMDAR programme
· an airline retires a certain aircraft type of its fleet and there is no AMDAR onboard software available for new aircraft types. 
· the AMDAR onboard software needs to be replaced by an updated version (this change and the date when it is implemented should be recoded in the metadata).

·  the AMDAR programme will change to a different BUFR Template in its bulletins on GTs
To inform the AMDAR stakeholders about the (foreseen) disruptions in the level of service caused by changes in the national/regional AMDAR programme , the Programme Management shall act in the same way as for Incident Management
2.4.9 Maintenance
A minimum level of maintenance for supporting the required or improved service environment is necessary for the majority of the elements in an AMDAR programme. Maintenance of the aircraft, its sensors and avionics hardware and software is considered to be the responsibility of each cooperating airline. Similarly for the airline’s ground processing system when the AMDAR data is passed through that system to the NMHS.
Humidity sensors installed in aircraft of participating airlines are the property of the NMHS unless otherwise is agreed between an airline and the NMHS. Routine maintenance and (re)calibration will have to be carried out in accordance with the maintenance scheme provided by the manufacturer of the humidity sensor. Maintenance will normally imply the replacement of the sensor for which the opportunity and the conditions of the labour involved will have to be negotiated between the NMHS and the airline.
In case of a sensor failure the NMHS shall agree with the airline the soonest opportunity and the conditions of the labour involved, not taking into account the maintenance and replacement scheme provided by the sensor manufacturer.
Additionally the Programme Management shall inform the AMDAR stakeholders about the (foreseen) disruptions in the level of service caused by changes in the national/regional AMDAR programme, in the same way as for Incident Management.
The NMHS is responsible for sending the humidity sensor to the sensor manufacturer for repair, maintenance and/or (re)calibration. After return of the humidity  sensor, the sensor will be put in stock as spare.
Maintenance of the AMDAR onboard software shall be initiated by the owner of the software either at initiative of the owner or on request by WMO. Software maintenance will be needed in case of detected software errors (“bugs”) or a change in the software requirements specification.  Any software change shall be communicated to the AMDAR Focal Points.
The NMHS is responsible for the maintenance of its ground based infrastructure necessary for receiving, processing and distributing the AMDAR data and for the monitoring of the quality of the data and products.
· Inspection and Supervision  Not relevant here. This is for the airlines ???
· Calibration Procedures   This should be in 2.3 Instrumeents etc ???
2.5 Observational Metadata [Stewart]
2.6 Quality Management [Jitze]
2.7 Capacity Development [Frank Stig]
WMO has several means to support Members to plan, implement and manage AMDAR programmes.
2.7.1 Regional AMDAR Workshops
On the request of a WMO Member the Expert-Team on Aircraft-based Observations can organise a regional workshop, hosted by the Member. The purpose of the workshop is not only to assist the Member and its staff to start an AMDAR programme but also to stimulate a wider development of AMDAR in the region. Therefore, invitations will be sent out not only to airlines in the host country but also to other Members and airlines in the region.
In the workshop the WMO Secretariat and other invited AMDAR experts from operational AMDAR programmes will present and discuss various aspects of planning, implementation and operation of an AMDAR programme as well as describing the benefit of AMDAR data to meteorology and to aviation.
Workshops have been held in the following countries:
Hungary, December 2004 for Central and Eastern Europe
Romania November 2007 for South-East European countries
Mexico, November 2011 for Latin America
2.7.2 On-line interactive training courses
On-line interactive training courses are available from COMET (a joint organisation between University Cooperation for Atmospheric Research and the NOAA National Weather Service):
The module on AMDAR describes the benefits to the meteorologist (numerical weather prediction, forecasting, forecast verification and climate research)  and benefits to airlines (safety and economy of operations) as well as technical description of the AMDAR system. 
The module on Volcanic ash describes impacts to aviation, climate, maritime operations and society; training for forecasters.
To access the courses from COMET go to http://www.comet.ucar.edu and click on the MetEd link, click on SignUp to create an account. Then follow the instructions to sign in and choose course. Using these courses is free of charge.
2.7.3 WMO AMDAR Website
WMO maintains a website dedicated to AMDAR (http://www.wmo.int/AMDAR) with information i.a. about the AMDAR Observation System, statistics of observations, information about the various national and regional AMDAR programmes. On this site is also access to the Newsletter and E-mail groups.
2.7.4 Newsletter
The WMO AMDAR Biannual Newsletter contains news from WMO and various AMDAR Programmes
https://sites.google.com/a/wmo.int/amdar-projects-and-collaboration/email-groups/newsletters-and-news
2.7.5 E-mail Groups
AMDAR National Focal Points
Several Members have nominated contact persons for matters related to AMDAR and from this link it is possible to address them as a group but not individually.
https://sites.google.com/a/wmo.int/amdar-projects-and-collaboration/email-groups/amdar-focal-points
Operational AMDAR Programmes Focal Points
From this link it is possible to address the operational programmes as a group but not individually.
https://sites.google.com/a/wmo.int/amdar-projects-and-collaboration/email-groups/amdar-operational-programmes
2.8 ICAO ABO Systems [Jitze & Siebren]
(This section should briefly describe and reference the ICAO systems that lead to the generation of ICAO aircraft observations. Need to pick out the headings from 2.1 that might be relevant here. We will probably need help on this section. Siebren de Haan might be a possible contact.)
· FANS (ADS-C)

· Mode-S (ADS-B)

2.9 Third-party ABO Systems [Frank]
(Suggest that this section may not actually refer specifically to 3rd-party ABO systems but provides general requirements and guidance. Need to pick out the headings from 2.1 that might be relevant here.)
When implementing an ABO system, the use of an AMDAR software package in accordance with the latest AOS Functional Requirements Spesification shall be preferred. Only if such software package cannot be installed because of absence of the appropriate aircraft infrastructure or  Aircraft Onboard Software (e.g. the unlikelihood of developing such software packag for financial-economical reasons) the replacement by a Third-party ABO system is to be considered. The installation of Third-party ABO systems will have to follow specific regulations and specifications and are commercially available.
The Expert Team on Aircraft-based Observing Systems should be involved for contacts and guidance if the implementation of Third-party ABO systems are being considered.
DRAFTING NOTES (Not for inclusion in the regulatory material)
Sections from the WIGOS Manual Chapter 3:
· Requirements

· Design, planning and evolution

· Instrumentation and Methods of Observation

· Operations

· General Requirements

· Observing Practices

· Quality Control

· Data and Metadata Reporting

· Incident Management

· Change Management

· Maintenance

· Inspection and Supervision

· Calibration Procedures

· Observational Metadata

· Quality Management

· Capacity Development

Possible other topics:
· Logistics (major part of WIGOS TR 2014-02, incl communications and Personnel and training)
· Data transmission

· Data processing

· Responsibilities

· Quality Management (various references, see Current Guide 3.2.1.4.5.8, and AMDAR QA Workshop 2011? And more?)

