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aircraft. Together they produce over 450,000 observations of temperature and wind per day, with a small 
and increasing number of them making observations of humidity. 

2.1.2 A snapshot from the NOAA/ESRL/GSD website (Figure 1) shows an impressive number 
of observations on a typical day (31 January 2014) even though only 5 per cent of available data are 
plotted on this map. However, the map is somewhat dominated by cruise level observations that are 
shown in the colours grading to blue, whereas the red indicates the areas where ascents and descents 
occur. Based on this, it is obvious that, while large parts of the world are well covered with a lot of 
observations, others have no or very few AMDAR observations. 
 

 
Figure 1.    Global AMDAR observations during 24 hours, 31 January 2014. 

For clarity only around 5% of available data are plotted1. 

2.1.3 As demonstrated in section 3, AMDAR data collected as both vertical profiles during 
ascent or descent and as upper tropospheric observations en-route, have great value for production of 
weather forecasts as well as specific meteorological products for aviation. A map showing the number of 
vertical profiles per day (Figure 2) reveals that, while the horizontal and temporal coverage is very good 
in some areas and comes close to meeting WMO requirements for such data by some application areas, 
other regions provide limited or no coverage and have great potential for improvement through the 
expansion of the AMDAR program. 

                                                      
1 Courtesy of the NOAA, Global Systems Division, AMDAR Data Display. 
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Figure 2.    The number of vertical AMDAR profiles per day 

in various areas of the world2 

2.2 Automatic dependent surveillance contract (ADS-C) 

2.2.1 A secondary but valued source of meteorological aircraft-based observations is derived 
from the automatic dependent surveillance contract (ADS-C) system. From this system, temperature and 
wind data is generated from the same onboard sensors as those used to generate AMDAR reports. The 
arrangement is formalized in ICAO Annex 3 — Meteorological Service for International Air Navigation, 
Chapter 5 and Appendix 4, in which these data should be transmitted via the AFS (ICAO aeronautical 
fixed service) from the air traffic services (ATS) unit concerned to the responsible meteorological watch 
office and to the world area forecast centres (WAFC). Under these provisions, the WAFCs are then 
responsible for transmitting this information on to the WMO global telecommunications system (GTS) 
once the aeronautical requirement has been fulfilled. 

                                                      
2 Based on weekly statistics (week ending 26 January, 2014) generated from the NOAA Global Systems Division, Data Systems 

Display database. 
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Figure 3.    The average number of AIREPS/ADS-C reports decoded 

during 24 hour periods in February 2014 in various parts of the world3 
 

2.2.2 Figure 3 shows the average number of observations derived from AIREPS/ADS-C 
reports during 24 hour periods in February 2014. Generally, the number of observations is small except 
over the North Atlantic and areas of the Pacific where coverage is comparative to that provided from en-
route AMDAR observations. 

2.3 Automatic dependent surveillance broadcast (ADS-B)/Mode-S 
enhanced surveillance (Mode-S EHS) 

2.3.1 It is possible to derive from ADS-B/Mode-S data wind information of comparable quality 
to AMDAR data. Also temperature information can be derived but, so far, the data quality is not optimal 
for meteorological purposes. The availability of these data is limited and, therefore, routine use of these 
data is limited. 

2.3.2 The United States will require the majority of aircraft operating in its airspace to be 
equipped with some form of ADS-B by 1 January 2020 and in the EU airspace planes with a weight 
above 5700 kilograms or a max cruise of over 250 knots will be required to carry ADS-B from 2017 (new 
planes from 2015). 

2.3.3 Thus, within a few years, a lot more data will be generated and this offers an opportunity 
to derive more meteorological data to the benefit of the aviation industry through improved weather 
forecasts and derived special meteorological products. However, issues related to quality management of 
the data and making them available to different users require further discussion and agreement between 
relevant stakeholders. 

                                                      
3 Courtesy of the Environment Canada, Canadian Meteorological Centre, Monitoring of Meteorological Observations program. 
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3.5 In addition to benefits determined from the impact on NWP systems, the WMO 
document WIGOS Technical Report 2014-1 describes in more detail the benefits of AMDAR data to 
meteorology and aviation.6 

4. CURRENT AND FUTURE REQUIREMENTS FOR AIRCRAFT-
BASED OBSERVATIONS 

4.1 Meteorological requirements for upper air observations 

4.1.1 Over the past decade, the successful growth of the AMDAR programme and the 
increased availability and the demonstrated significant positive impact of AMDAR and others sources of 
aircraft-based observations have meant that these high quality data have progressed from being seen as a 
useful supplemental source of meteorological information to a highly valued and critical component of 
the WMO GOS. 

4.1.2 Additionally, while much of the hope and plans for meeting the increasingly more urgent 
calls for much higher spatial and temporal resolution of wind, temperature and humidity data in support 
of applications important to aviation forecasting (such as higher resolution, shorter range numerical 
weather prediction and nowcasting applications) lies with current and future satellite deployments of 
vertical sounders, there is a large and clearly realisable potential for aircraft-based observations to play a 
big role in responding to these demands. It is therefore a goal of WMO to maximise the horizontal, 
vertical and temporal coverage of aircraft-based observations.  

4.2 Synergies in future needs of meteorology and aviation for aircraft-
based observations  

4.2.1 The success of the WMO AMDAR observing system and the demonstration of the 
significant positive impact of the data in improving meteorological services to aviation have helped in 
quantifying the benefit of aircraft-based observational data to meteorological services to aviation. The 
continued operation, enhancement and expansion of the AMDAR programme over the short to medium 
term can be expected to extend such benefits. However, over the longer term, it might be possible and 
more efficient to specify and develop systems that can meet the needs for aircraft-based observations of 
both ATM and meteorology. 

5. OPPORTUNITIES FOR IMPROVEMENTS TO COVERAGE 
OVER THE MEDIUM TO LONGER TERM 

5.1 Wider integration of AMDAR applications into new aircraft on 
manufacturer delivery and for retrofit 

5.1.1 To achieve the medium to long term expansion of the AMDAR global and regional 
networks, a transition must be made from selected implementations on a few aircraft types and fleets to 
the standard implementation of AMDAR on many aircraft types and larger fleets. This standardization 
will enable a much greater efficiency and interoperability for both airlines and meteorological services, 
leading to much wider participation in the programme. The resulting expansion and improvement to data 
coverage would contribute to a significant improvement in global aviation weather support services. The 
first component of standardization will be the development of avionics software packages to enable 
AMDAR reporting, based on the WMO AMDAR Onboard Software Functional Requirements 
                                                      
6 Report available at http://www.wmo.int/pages/prog/www/GOS/ABO/AMDAR/publications/ 

Benefit_of_AMDAR_Data_to_Meteorology_and_Aviation.pdf 
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Specification (AOSFRS)7. The second component of standardization will be the factory integration of 
AMDAR capabilities on new aircraft, including measurement and reporting of water vapour and 
turbulence. For manufacturers to consider these steps, airline customers must indicate their requirement or 
at least their desire for these capabilities during the acquisition of new equipment. 

5.1.2 The aircraft-based reporting of atmospheric water vapour measurements has been 
demonstrated to provide significant direct and indirect benefit to airline operations (see Section 3). 
Specification for the factory integration of a water vapour measurement technology such as the Water 
Vapor Sensing System, WVSS-II, during aircraft acquisition will provide this benefit immediately, reduce 
the internal maintenance labour and maximize this benefit for airline operations. 

5.1.3 An interesting perspective of the humidity sensor-equipped aircraft is the possibility in 
the future to contribute to safer flight operation through the integration of the Water Vapor Sensing 
System into the avionics design concepts of icing warning and even de-icing management. 

5.2 Greater access to meteorological data from ADS-C 

5.2.1 While the full potential for ADS-C meteorological data coverage is not currently known, 
it is likely that wider compliance with ICAO regulations for provision of such data would result in 
improved aircraft-based observations upper air coverage. To realise such a benefit to both meteorology 
and aviation, issues related to the formatting, dissemination and routine automated quality control, to 
ensure compatibility with AMDAR data, need to be further addressed. WMO would likely be willing to 
consider the resource requirements for the alignment of such procedures. 

5.3 Provision of data and information from registries that support 
meteorological data derivation via Mode-S and ADS-B 

Meteorological information derived from Mode-S EHS/MRAR 

5.3.1 Wind and temperature information can be retrieved from down-linked air traffic control 
(ATC) information using the Secondary Surveillance radar (SSR) technique Mode-S Enhanced Surveillance 
(EHS). When ATC interrogates so-called Comm-B Data Selector (BDS) registers 4016 (aircraft intention), 
5016 (track and turn report) and 6016 (heading and speed report), information on wind and temperature can 
be inferred by combining the aircraft air- and ground-vector, and Mach number and true airspeed, 
respectively8. In the European designated EHS airspace, all fixed wing aircraft, having a maximum take-off 
mass greater than 5,700 kg or a maximum cruising true airspeed in excess of 250 kts, must be Mode-S EHS 
compliant and should respond to the radar request9. The European coverage for which since January 2013 
Mode-S EHS data is derived is shown in Figure 7a. All aircraft are interrogated every 4 to 20 seconds 
(depending on the purpose of the ATC radar) and the data points shown are wind and temperature 
observations derived after processing the raw Mode-S EHS data. When ATC interrogates the BDS register 
4416 (Meteorological Routine Air Report, MRAR) direct information on temperature and wind is available10. 
Figure 7a shows the airspace where at present BDS 4416 is interrogated (around Denmark and Slovenia). 
Note that not all aircraft respond to the BDS 4416 request, since this is not obligatory. 

Meteorological information derived from ADS-B data 

                                                      
7 http://www.wmo.int/pages/prog/www/IMOP/publications/IOM-114_AOSFRS_v1/IOM-114_AMDAR_AOSFRS_V1.pdf  
8 Haan, S. de, 2011: High-resolution wind and temperature observations from aircraft tracked by Mode-S air traffic control radar J. 

Geophys. Res., 116, D10111 
9 EU REGULATION No 1207/2011, Laying down requirements for the performance and the interoperability of surveillance for the 

single European sky, http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32011R1207 
10 Strajnar, B., 2012: Validation of mode-s meteorological routine air report aircraft observations, Journal of Geophys. Res., 117, 

ISSN 2156-2202 
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5.3.2 Another (new) surveillance technique is Automatic Dependent Surveillance-Broadcast 
(ADS-B). This technique relies on aircraft broadcasting their identity, position and other information 
derived from on board systems very frequently (in the order of seconds). This signal, called ADS-B Out, 
can be captured for surveillance purposes on the ground by a local receiver. An additional register is 
available to transmit other relevant information using the ADS-B Extended squitter (ES) and may contain 
the following BDS registers: 0516 (airborne position), 0616 (surface position), 0716 (status), 0816 
(identification and type), 0916 (airborne velocity) and 0A16 (event driven information) 11. Wind 
information can be derived from register 0916 since this register may contain groundspeed components 
(subtype 1) or magnetic heading and airspeed (subtype 3)12 (see ICAO Doc 9871); when both subtypes 
are transmitted fast and alternating, a wind vector could be obtained in a similar way as for Mode-S EHS. 
Note that the transmission of this register is not obligatory and that no temperature, humidity or 
turbulence information will be available in ADS-B ES information or can be directly inferred from the 
information content. Figure 7b shows the estimated ADS-B global coverage13. It has been proposed to 
install ADS-B receivers as a hosted payload on low earth orbiting satellites which could then provide a 
global coverage. 

5.3.3 Since no direct wind and temperature can be inferred from ADS-B ES, it would be very 
beneficial for meteorological applications if the register BDS 4416 could be included in the set of registers 
available to be transmitted by ADS-B ES. Additional information on the roll angle would furthermore be 
beneficial to perform quality control on the retrieved data; as such BDS 5016 is needed as well. 

 
a) b) 
 

Figure 7 a).    Mode-S EHS coverage (blue dots) and Mode-S MRAR (red dots) 
valid for 2013/03/27 13:00-13:59UTC 

Red circles indicate the coverage of the radar interrogating MRAR information. 
 

Figure 7 b).    Estimated current global ADS-B coverage 
(source: http://www.aero-news.net/images/content/general/2012/Aireon-Coverage-0612b.jpg) 

 

                                                      
11 EASA Annex 1 to ED Decision 2013/031/R, Certification Specifications and Acceptable Means of Compliance for Airborne 

Communications, Navigation and Surveillance CS-ACNS http://easa.europa.eu/system/files/dfu/2013-031-R-
Annex%20I%20to%20ED%20Decision%202013-031-R.pdf, page 70. 

12 ICAO Doc 9871, Technical Provisions for Mode S Services and Extended Squitter - Second Edition, 2012 
13 ICAO, Annex 32 to Document 5B/475-E 
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ADS-B/Mode-S EHS 

5.3.4 Both ADS-B and Mode-S EHS information is transmitted as a radio signal and can be 
received by a dedicated local receiver. To receive Mode-S EHS information, the receiver should be 
installed in the vicinity of Mode-S EHS radar which interrogates all aircraft for Mode-S information. The 
amount of information received depends on the quality of the antenna and receiver; however with a low-
budget receiver it is possible to obtain 8% of the information14 that is received by ATC. At present no 
ADS-B ES wind information is observed with the local receiver installed at De Bilt. 

Benefits of meteorological information from Mode-S EHS/MRAR or ADS-B 

5.3.5 Accurate and available wind and temperature will be crucial for the next generation ATC 
systems. For example, new AMAN (Arrival Manager) and DMAN (Departure Manager) systems will 
likely ingest direct meteorological information (from Mode-S EHS/MRAR or ADS-B) or through a 
numerical model data which is enriched by this information. It would therefore be beneficial to 
interrogate BDS 4416 and/or include this register in ADS-B ES. 

6. SUMMARY OF POINTS FOR CONSIDERATION 

6.1 Significant and rapid expansion of AMDAR and other aircraft-based observing systems 
is highly desirable by WMO and its Members and will benefit aviation operations through improved 
accuracy and skill associated with aeronautical weather services and forecast products. WMO has adopted 
a global strategy and implementation plan for AMDAR and aircraft-based observations development and 
is working through its six Regional Associations of Member countries to implement this expansion on 
national and regional levels.  

6.2 Encouraging and enabling wider access to meteorological data derived from ADS-C 
reports, particularly for applications that support aeronautical forecasting applications, can be achieved 
through greater compliance with relevant ICAO regulations and improved data management practices in 
cooperation with WAFCs. 

6.3 WMO considers that the provision of weather data from aircraft tracking systems, such as 
ADS-B, would bring significant contribution to improved upper air meteorological data coverage that 
would undoubtedly lead to improvements to the meteorological forecasting skill and quality of 
aeronautical services of WMO Members. 

6.4 WMO will seek further partnerships with airlines and avionics companies to make them 
aware of the development of the WMO AOSFRS specification for AMDAR in order to encourage 
avionics companies to develop and provide applications for both new aircraft as well as for retrofit. 

6.5 In addition to meeting the requirements of meteorological service providers to aviation in 
support of their operations, it is likely that aircraft-based observations can contribute significantly to 
potential future ATM requirements for high resolution and high quality information in support of ATM 
applications. For the realization of such mutual interest and benefit, continued strong collaboration 
between the aviation industry and the meteorological community is critical.  

                                                      
14 Haan, S. de, M. de Haij and J. Sondij, The use of a commercial ADS-B receiver to derive upper air wind and temperature 

observations from Mode-S EHS information in The Netherlands, KNMI publication: TR-336, 2013 
(http://mode-s.knmi.nl/publications). 
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7. ACTION BY THE MEETING 

7.1 The meeting is invited to note the information contained in this paper. 

 
 
 
 
 

— END — 


