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Review of other activities related to ET-EGOS and OPAG-IOS
Aircraft Meteorological DAta Relay (AMDAR)
(Submitted by  Mr Frank Grooters, WMO AMDAR Panel Chairperson)
	SUMMARY AND PURPOSE OF DOCUMENT

The document provides information on the activities of the Aircraft Meteorological DAta Relay (AMDAR) Panel relevant to the CBS Open Programme Area Group on Integrated Observing Systems (OPAG-IOS) and the ET-EGOS.



ACTION PROPOSED


The Meeting is invited to note the information contained in this document when considering its recommendations.

____________
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DISCUSSION

Since ET-EGOS-5 (30 November – 4 December 2009) the WMO AMDAR Panel has continued to coordinate global AMDAR activities and to consolidate AMDAR as a cost effective upper-air observing system.  The global AMDAR Programme has continued to make progress on implementing national and regional AMDAR programmes, improve global AMDAR data coverage and to better integrate AMDAR into WMO Integrated Global Observing Systems (WIGOS).  This report contains a summary of the activities of the WMO AMDAR Panel.
1.
Integration of AMDAR into WIGOS
2.1
Within the WMO Integrated Global Observing Systems (WIGOS) a WIGOS Pilot Project for AMDAR has been initiated with participation from the EUMETNET AMDAR Programme         (E-AMDAR) and USA AMDAR Programme. The Ad-hoc Steering Group on the WIGOS Pilot Project for AMDAR met in its first session on 2-3 July 2008 in Geneva, Switzerland. The Pilot Project is focusing on facilitating the governance, standardization and interoperability of AMDAR and on improving the practices impacting AMDAR data collection, processing, archiving and dissemination.

2.2
The governance of WMO AMDAR Panel was addressed by the successful transfer of the AMDAR Technical Coordinator’s responsibility into WMO and the WMO Secretariat structural and organizational change. Very recently the new Scientific Officer came in post as the Secretariat lead for the Aeronautical and In-situ Remote Sensing Observations, under the overall guidance of the Chief of the WMO  Observing Systems Division (OSD) under the Observing and Information Systems Department (OBS).
2.3
Also part of the governance was a recommendation of the CBS Implementation-Coordination Team (ICT-IOS-5), Geneva, 15-18 September 2008 to CBS-XIV (March 2009) to establish a CBS Expert Team on Airborne Observations (ET-AIR) and anchor the WMO AMDAR Panel to CBS. This proposal was approved at the 11th AMDAR Panel (Malaysia, 17-21 November 2008) and the first Joint Meeting of ET-AIR and the WMO AMDAR Panel was held in Toulouse, France, 16-19 November 2009.
2.4
Being necessary for the integration into the WIGOS structure, the Panel had noted that there were several key components to the AMDAR system that require immediate attention, such as the standardization of the AMDAR BUFR template, a best metadata practice for AMDAR, a best practice for Quality Management procedures for AMDAR and the essential updates to the AMDAR Reference Manual and the standardization of the AMDAR Software Specification. The AMDAR Panel has declared that these key issues should be addressed by the WIGOS Pilot Project for AMDAR.
2.5
At the first ad-hoc Steering Group Meeting on the WIGOS Pilot Project for AMDAR (July 2008), the Meeting developed a set project goals and objectives for the WIGOS Pilot Project for AMDAR, to assist with the integration of AMDAR into WIGOS.  The AMDAR Pilot Project and the objectives (updated in 2011) are contained in Annex A.

2.6
Six Pilot Project aims and objectives were developed to assist with the integration of AMDAR into WIGOS (see Annex B).  A business case will be explored, ideally together with the airline industry, for the development of the AMDAR software, based on a generic software specification.

2.7
So far, the Pilot Project Team has met five times, resulting in a standardized AMDAR BUFR template, approved by the IPET-DRC, agreement on the updates of components of metadata associated with AMDAR (in particular metadata needed for the operation of the AMDAR observing system as well as information relevant to airports used by AMDAR equipped aircraft) and a plan for evaluation using one single airline, and a plan for the evaluation of the current criteria and procedures used by national and regional AMDAR programmes with the aim to develop a strategy on principles and procedures for the Quality Control of AMDAR data.
2.8
It was agreed that a strategy would be proposed for the integration of the AMDAR Reference Manual (WMO No. 958)  into the WMO Regulatory Material, such as the Manual and Guide on the GOS, the Manual and Guide on the GTS and the Guide to Meteorological Instruments and Methods of Operations. New AMDAR Implementation Guidance Material should also be developed for those WMO Members interested in the initiation of national AMDAR programmes.
2.9
The development of a framework for a generic software specification for AMDAR was considered as a long-term activity, to be implemented in cooperation with the airline industry. 

3.
System Development and Data Coverage
3.1
Existing programmes in Australia, China, Southern Africa, Republic of Korea, Hong Kong China, Japan, the United States of America and Europe are continuing to expand AMDAR coverage both domestically and internationally.  The number of profiles available in data sparse regions of Africa, Eastern Europe, parts of the Russian Federation, the Middle East, South and East Asia, South America and even (occasionally) in the Arctic and Antarctic region has increased.  The AMDAR Programme now exchanges between 300,000 and 400,000 observations per day on the GTS. Figure 1 shows the development in average daily global AMDAR reports in the period 1997 - 2010.  Figure 2 shows the 24-hour Global AMDAR coverage on 6 June 2011. Figure 3 is showing the AMDAR profiles being exchanged on the GTS for a 24-hour period from the surface to 540hPa for 6 June 2011.  This provides an indication of the geographical spread of the AMDAR profiles across the globe.
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Figure 1: Average number of AMDAR reports per day (1997-2010)
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Figure 2: 24-hour Global AMDAR coverage on 6 June 2011 (courtesy of NOAA/ERSL/GSD)
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Figure 3: 24-hour Global AMDAR coverage of profiles only on 6 June 2011

(observations made from the surface to 16,500 ft)

4. 
Humidity measurement
4.1
The E-AMDAR Programme has evaluated the 2009 version of the WVSS-II (WVSS-IIv3). This instrument was tested in the climate chamber of the DWD. The sensor covers a measurement range in the water vapour mass mixing ratio reaching from 20 g/kg in the ground pressure level down to at least 0.016 g/kg (26 ppmv), lower in an altitude of 200 hPa. The test has shown that the relative accuracy is better than ( 10 %.  DWD is still negotiating for the E-AMDAR Programme the replacement of the three WVSS‑IIv2 humidity sensor units operated three Lufthansa A319 aircraft with the latest WVSS-IIv3. Because the mechanical qualities of the version 3 is slightly different from the version 2, additional adjustment to the installation in the aircraft will be needed.

4.2
Additional climate chamber testing of the WVSS-IIv3 humidity sensor at the Research Centre Jülich has shown excellent result.
4.3
Since early 2011 two WVSS-IIv3 sensors are installed and being tested against standard instruments in the UK Facility for Airborne Atmospheric Measurements (FAAM) BAE-146 Research Aircraft. First flight results show a very good relation with the standard comparison instruments. Final results of this trial will probably made available towards the end of 2011.
4.4
In the USA AMDAR Programme 25 WVSS-IIv3 units are installed on UPS B757 aircraft and 13 units on SWA B737 aircraft. Contracts are in place for the installation in 2012 of an additional 49 units on SWA B737 aircraft with an option for 18 more installations. 
The manufacturer is active in obtaining certification for additional aircraft types (B737/300, B737/700 and B737/800).

4.5
Each WVSS-II equipped aircraft provides between 200 and 600 observations daily. With the 38+ sensors currently operational, between 7,600 and 23,000 moisture observations are received daily.

5.
Onboard software and alternative aircraft measurement technologies
5.1
The Australian Bureau of Meteorology developed AAAv3 software has shown a minor fault with the some data resulting in navigation errors.. An updated version of the AAAv3 software was installed on the 38 Qantas B737-838 fleet to provide a correction for the Base40 encoding error. International monitoring centres have verified that the software update has rectified the issue for the Australian fleets. The Qantas B747 and B767 fleets are being upgraded to AAAv3 over the period 2010/2011.

5.2
AAAv3 software was fully tested and verified for roll out on Jetstar’s A320 fleet in November 2009. However due to airline internal problems the roll out is still to proceed. 
5.3
In December 2009 30+ KLM B737NG’s equipped with the original AAAv3 software version started a business case for showing the benefit of AMDAR data in aeronautical service provision for Schiphol Airport. The business case ended 1 January 2011 and the final review has shown improvement in the quality of the short term forecasting and in the service provision, in particular during specific meteorological events. The decision was made to continue the current B737NG fleet providing additional AMDAR profiles at Schiphol Airport.
5.4
The NOAA National Weather Service and AirDat, manufacture of the TAMDAR system, have reached an agreement that will allow all data from three TAMDAR-equipped fleets, PenAir, Mesaba, and Chautauqua, to continue to be available to the USA Government as from November 2010. Because of the high price per sounding (US$50) a limited number of (ascent only) soundings from a selected number of sides are provided, resulting in around 1600 soundings per month.
5.5
Most aircraft are equipped with Mode-S Radar as part of the Tracking and Ranging Radar (TAR) Network for Air Traffic Management. From the Mode-S system temperature and wind information can be derived. The quality of the data is however inferior to the AMDAR data but still usable in NWP. Because of the nature of Mode-S (continuous response) the data volume is extremely large. By using special techniques the data quality can be enhanced. Some NMHSs are in the process of obtaining this type of data in order to produce profiles similar to AMDAR profiles.  
6.
AMDAR Data and Optimisation
6.1
The development and refining of the E-AMDAR data optimisation scheme (E-ADOS) continues to show positive benefits to the European AMDAR Programme.  These benefits do increase significantly from the moment the E-AMDAR Programme incorporates additional airlines and is extending the Programme through targeting programmes in Central and Eastern Europe and in the far East. Recently the E-AMDAR programme has added easyJet A320 fleets covering large parts of the United Kingdom. E-AMDAR is serving now over 120 airports daily in Europe, resulting in over hourly 1000 profiles, provided by 11 airlines. Contracts for targeted E-AMDAR data are signed with India, South Africa, Singapore and ASECNA.
6.2
The Australian AMDAR Programme has developed and is now operating its own AMDAR Optimisation System (A-ADOS) which is regarded as an essential component to the Australian AMDAR Programme and is expected to better manage the Australian upper-air data requirements. 
6.3
The United States of America is reviewing the need for optimizing AMDAR data from South West Airlines.
7.
Potential AMDAR Developments
7.1
Figure 3 is showing large data gaps in the availability of AMDAR profiles. These gaps are mostly over Developing Countries, extensive and uninhabited regions and oceans where no or not enough radio sondes are available for the provision of upper air data or no AMDAR equipped aircraft or airports are located. The AMDAR Panel is particularly interested in activating existing AMDAR aircraft for extending national and regional AMDAR programmes providing targeted AMDAR data.
7.2
The majority of the aircraft have the capability to use HF communication. In certain regions AMDAR data is transmitted to the ground only by using HF. AMDAR data from sensitive regions like the Arctic and the Antarctic is currently very scarce but could be increased for special programmes (like Polar Year) by activating existing AMDAR aircraft.
Additional information has given that many HF equipped aircraft
 are flying over the Polar Regions (in particular the Arctic Region, above 80N). These flights could be considered as potential AMDAR flights, but only if the aircraft concerned can be AMDAR equipped (e.g. carrying the right avionics for implementing AMDAR software).
                                                                     __________
Appendix A
TEMPLATE OF THE WIGOS PILOT PROJECT FOR AMDAR

	Project Name:
	Integration of AMDAR into WIGOS 

	Acronym:
	WIGOS-PP-AMDAR

	Project Type:
	Pilot

	Project Status:
	The WIGOS Pilot Project for AMDAR is currently in the advanced stages of collaboration and definition.

	Project Overview:
	This Project will focus on the practices impacting AMDAR data collection, processing, archiving and dissemination.  The standard practices used in observing the atmosphere need to be well documented to ensure sufficient detail accompany the observations so that users can interpret measurements correctly. In addition new methods and procedures will be required in preparation for the deployment of new operational instruments, such WVSSII water vapour sensor.

	Project Aims:
	Short-term:

(1) Development of a standardised BUFR Template for AMDAR;

(2) Application of WMO Metadata relevant to AMDAR;

(3) Development of a standardised Quality Management Framework for AMDAR data; and

(4) Validation and preparation for intercomparison of available Water Vapour sensor performance.

Long-term:

(5) Update of the AMDAR Reference Manual WMO-No.958; and

(6) Development of the framework for generic software specification for AMDAR.  

Note: In case of lack of resources provided towards the WIGOS-PP-AMDAR, Project Aims will be prioritized accordingly.

	Partners / Participants:
	AMDAR Panel

E-AMDAR and USA AMDAR Programmes

WMO Technical Commissions

	Project Cost:
	Estimated costs for meetings, consultants and publication CHF 125K

	Funding Source(s):
	This project will make optimum use of the expertise available from the AMDAR Panel and its WIGOS partners. Financial support shall be required through the WMO AMDAR Panel Trust Fund and WIGOS-WIS Trust Fund.

	Project Timescale:
	Will all be done in parallel and completed by February 2010 (short term aims)

	Deliverables:
	(1) Agreed BUFR Template for AMDAR;

(2) Published best metadata practice for AMDAR;

(3) Published best practice for Quality Management procedures for AMDAR;

(4) Published results from the validation of the available Water Vapour sensors;

(5) Updated AMDAR Reference Manual WMO-No. 958; and

(6) Agreed framework for generic software specification for AMDAR.

Note: In case of lack of resources provided towards the WIGOS-PP-AMDAR, Deliverables will be prioritized accordingly.

	Project Links:
	http://www.wmo.int/amdar/

	Project Summary:
	With the completion of the project aims, AMDAR will be better integrated into WIGOS by adhering to WMO standards for instrumentation, data exchange and for end products.

	Date of Last Update:
	06/06/2119

	Contact Person:

Name:

Organization:

Address:

Telephone:

Fax:

E-Mail:
	Science Officer for the Aeronautical and In-situ Remote Sensing Observations
Mr Dean Lockett
WMO

WMO Secretariat

7 bis, avenue de la Paix

CH-1211 GENEVE 2, Switzerland
+41 (0) 22 730 8323
+41 (0) 22 730 8021
DLockett@wmo.int


__________

Appendix B
THE WIGOS PILOT PROJECT FOR AMDAR – SUB PROJECTS 

	Sub Project
	Objective
	Who
	Action
	Deadline
	Cost (CHF)

	1.
	Development of a BUFR Template for AMDAR 


	(Frank Grooters) 
(Jitze v. d. Meulen, Stewart Taylor, Eva Cervena and Dave Helms) in collaboration with the

ET-DR&C 

Validation Centres (to be nominated)
	1. Investigate the various versions of BUFR templates for AMDAR and their elements currently in use by national and regional AMDAR Programs.  Provide specification to ET DR&C;

2. Develop a standardised BUFR Template for AMDAR that includes all the new extensions supporting parameters for AMDAR;

3. Validation of the AMDAR BUFR Template; and

4. Approval of the AMDAR BUFR Template.


	1 & 2. Q3 2008

3. Q1 2009
4. Q2 2011 
	20K (2008)

	2.
	Application of WMO Metadata relevant to AMDAR


	(Frank Grooters)
Contractor TBD under the guidance of the AMDAR Panel Chairperson, ad-hoc support from WIS Project Office, IPET-MI


	1. Classify components of metadata associated with AMDAR.  In particular, identify metadata needed for describing data and products, metadata needed for usage of data and metadata needed for the operation of the AMDAR observing system;

2. Identify metadata for quality control and administration.  Also identify relevant policies for the sharing and usage of the metadata, data and products;

3. Describe the metadata utilising WMO profile of ISO 19115 to ensure appropriate compatibility with WIS and WIGOS; and

4. Create examples and best practice guides for inclusion in the AMDAR Reference Manual and relevant CIMO documents.
	1. & 2. Q3 2009
3. Q2 2011
4. Q4 2011
	20K (2009)

	3.
	Development standardised procedure for Quality Management of AMDAR data


	Jitze v. d. Meulen

E-AMDAR QEv in coordination with the AMDAR Science Sub Group, other AMDAR Data Monitoring Centres 
	1. Examine the requirements for Quality Monitoring and Quality Assurance of AMDAR Data;

2. Develop a Quality Framework and procedure in support of high quality AMDAR Data to users; and

3. Identify potential AMDAR archive centres (DCPCs for WIS).
	1. Q1 2009
2. Q1 2011
3. Q4 2011
	10K (2009)

	4.
	Validation and preparation for intercomparison of available Water Vapour sensor performance
	Dave Helms

E-AMDAR Programme in coordination with CIMO 

ET-UASI


	1. Perform calibration and flight test and report; and,

2. Organize preparatory meeting to define the rules and procedures for the intercomparison of AMDAR and other upper-air data.

3. Take part in the WMO Radiosonde Intercomparison, China, 2010
	1. Q2 2009

2. Q3 2009

3. Q2 2010
	40K (2009)

40K (2010)

	5.
	Update of the AMDAR Reference Manual, WMO-No.958


	(Frank Grooters)
Contractor TBD under the guidance of the AMDAR Science Sub Group, CIMO Rapporteur


	1. Review those sections of the AMDAR Reference Manual as identified (ensure the full suite of water vapour sensors and their measurements are included, turbulence and icing and future requirements for AMDAR;

2. Update to both technical and scientific components of the AMDAR Reference Manual and propose changes to the CIMO Guide; and

3. Incorporate input from other sub projects.

4. Draft new version of AMDAR Reference Manual


	1. Q4 2008

2 & 3. Q3 2009

4. Q4 1011
	25K (2009)

25K (2010)

	6.
	Development of the framework for generic software specification for AMDAR  


	(Frank Grooters)

Contractor TBD under the supervision of Stewart Taylor in coordination with AMDAR Panel Technical Sub-Group, Aviation Industry Groups.


	1. Review all versions of current software specifications currently in use by operational AMDAR Programs; and

2. Provide framework for the development of the generic software solution for AMDAR.
	1. Q1 2009

2. Q4 2011
	10K (2009)

20K (2010)


Rev2. 07/02/2011
__________

Global Financial & Economical 


Crisis.


Since early 2010 recovery in number of observations to current level








� AirCanada, Continental-United, Cathay Pacific, Singapore/Singapore Cargo, Aeroflot, Lufthansa Cargo





