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	SUMMARY AND PURPOSE OF DOCUMENT

The document provides feedback on the Implementation Plan for the Evolution of Global Observing systems (EGOS-IP) from the Expert Team on Aircraft-based Observations (ET-AIR).


ACTION PROPOSED


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

____________
Appendix: 
A.
 Extracts from EGOS-IP (Chapters 5.3.1.3 and 5.4.4) on Aircraft Observations
DISCUSSION
Summary of Recent Progress on Aircraft Observations and AMDAR programmes
The Fourteenth AMDAR Panel Meeting (AMDAR-14), and the Third Session of the CBS Expert Team on Aircraft-based Observations (ET-AIR)
1. The Joint Meeting was conjointly held at the Fairmont, le Chateau Frontenac, Quebec City, Canada, over November 2-4 November 2011 and was very successful, incorporating a large agenda with an emphasis on the development of an invigorated work programme that seeks to align the work of the Panel and the Expert Team with the Implementation Plan for the Evolution of the Global Observing System over the longer term, and the work of the WMO Technical Commissions over the medium and shorter terms.

2. The progress made by the Panel and the ET over the past 12 months in implementing the AMDAR Programme was presented with highlights including: the expansion and improvement of AMDAR data coverage over key areas including Alaska, Africa, the Southwest Pacific and Antarctica; continued progress on the WIGOS AMDAR Pilot Project; near completion of a new BUFR template for AMDAR; significant progress on an update to the ARINC 620 software specification; further progress on operational implementation and final validation of water vapor sensing technology; and several developments associated with AMDAR software.

3. The Panel and the ET continued discussions on the repercussions of the changing governance structure of the AMDAR Programme as it becomes more integrated into WMO as a component of the GOS and also with the new arrangement for technical support to the Panel in which, from January 2012, it will be funded by WMO under the Regular Budget as an outcome of Cg-XVI. 

4. A key outcome was that the work programme will in the future place more emphasis on strategically focused assistance for developments that have both a high chance of success and will have an impact on improving global AMDAR data coverage, rather than attempting to administer large regional projects for which it is difficult to find and resource leaders. An example of such assistance that can and will be delivered is the Regional AMDAR Workshop that was held in Mexico City in November 2011.

5. The Joint Meeting identified that the final validation and the commencement of the global implementation of water vapor sensing as a component of AMDAR will become a high priority within the work programme and there was discussion towards the reinvigoration of an internationally coordinated approach. Also identified was the need to develop strong business cases for both WMO Members and the Aviation Industry to ensure support for wider operational implementation.

6. Another high priority activity identified as requiring greater support is the internationalization of the turbulence and Eddy Dissipation Rate monitoring programme that has been under development in the USA for many years. The Panel has strengthened ties with the relevant bodies under which this development is managed and plans have been made to commence trials and implementation outside of the USA.

7. The work underway in relation to the WIGOS Pilot Project for AMDAR contributing to improvement to the AMDAR Quality Management System will continue and be expanded in the future.

8. Other topics covered included: the production of a quarterly AMDAR Programme newsletter; various AMDAR software developments, AMDAR application to climate monitoring, data quality issues and revision of AMDAR regulatory material and the WMO Aircraft Observations website.

AMDAR Panel Management Group, Session 3
9. At the Third Session of the AMDAR Panel Meeting Group (APMG) (Silver Spring, Maryland, USA over February 27 to March 2, 2012) a number of critical issues relating to the operation of the programme that supports the Aircraft Observing System was discussed and good progress was made in determining a strategy for finalizing the transition of the AMDAR system into WMO under the WWW Programme by the end of 2012.

AMDAR Programme Status
10. The following countries and organisations maintain operational AMDAR programmes as sub-programmes of the global WMO AMDAR Programme:
· Australia

· Canada

· China

· E-AMDAR

· Hong Kong, China

· Japan

· New Zealand

· Republic of Korea

· South Africa

· United States
11. The following 33 airlines, comprised of over 2800 aircraft, provide AMDAR observations to the AMDAR Programme via the national or regional AMDAR programmes:

· Qantas Airways, Jetstar Airways, Jetstar Asia and SkyTraders (Australia)

· Air Canada Jazz (Canada)

· Air China, China Southern Airlines and Shandong Airlines (China)

· Air France, KLM, Lufthansa Passage, Lufthansa CityLine, Lufthansa Cargo, British Airways, Finnair, Scandinavian Airlines, Blue1, EasyJet Airline, Novair, Thomas Cook Scandinavia (E-AMDAR)

· Cathay Pacific (Hong Kong China)

· Air Nippon Airways and Japan Airlines (Japan)

· Air New Zealand (New Zealand)

· Korean Air and Asiana Airlines (Korea)

· South African Airways (South Africa)

· Alaska Airlines, American Airlines, Delta Air Lines (including Northwest Airlines), Federal Express, United Airlines, United Parcel Service (UPS), Southwest Airlines (USA)

12. Although the AMDAR Programme output, as measured in terms of the number of observations transmitted on the GTS has fluctuated markedly in recent years, most particularly due to economic cycles, the developments over 2011 and the first quarter of 2012, combined with an improved economic situation for airlines, have meant that the Programme now provides an average of between 250,00 and 300,000 upper air observations per day in support of the WMO World Weather Watch Programme. Figure 1 below shows the 4-year trend in GTS output of aircraft observations, with the contribution by the AMDAR Programme depicted by the blue line, with statistics compiled and provided by the Canadian Meteorological Centre, Environment Canada.
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Figure 1, Aircraft observations on the GTS over August 2007 to March 2012.

13. The sharp rise in observations in 2011 is chiefly associated with the addition of 110 Alaska Airlines B737 aircraft as a new component of the USA AMDAR (MDCRS) Programme over March – June 2011. There is also evident a marked rise in observations available on the GTS as a result of increased output from the ICAO Automatic Dependent Surveillance (ADS) programme over February to April 2011, predominantly over the northern Atlantic area. The upturn evident over the 1st quarter of 2012 appears to be predominantly associated with an improved economic climate for airlines although it has also been improved by the rectification of an issue with the Alaskan Airlines data processing and the addition of the Jetstar Airways and Jetstar Asia A320 fleets with the Australian AMDAR Programme.
Future Aircraft Observations Work Programme Significant Activities

14. The Panel and ET-AIR will conduct the Workshop on Aircraft Observing System Data Management over 5-8 June 2012, Geneva, Switzerland. A set of terms of reference for the workshop have been developed that will include a focus on aircraft observations data and metadata management, quality control and monitoring, data provision and display, compatibility with and integration into the WMO Information System (WIS) and various data quality issues.
15. A WMO Special Services Agreement (SSA) has been put in place with a consultant for the development of a “Universal” AMDAR software specification of requirements. When completed, this specification will become the standard for the AMDAR Programme and will ensure a more uniform approach to AMDAR software functionality and data quality.
16. The Panel has also put in place an SSA with another consultant to undertake a study on the current AMDAR Programme data coverage, carry out a survey of airlines and their operations with respect to the identified data-sparse areas and then propose a set of recommendations for future targeted AMDAR Programme development in order to strategically improve AMDAR data coverage. 

WVSS-II Humidity Sensor Recent Developments
17. The AMDAR Panel recently received the Final Report on the WVSS-II Sensors fitted to the FAAM BAe 146. This report details the results of comparisons made between two WVSS-II v3 sensors installed on the BAe with standard water vapor measurement sensors (General Eastern 1011B ('GE') and Buck CR2 ('Buck') chilled mirror hygrometers and the Total Water Content ('TWC') probe) during 4 field trials conducted over 2011. The two WVSS II v3 sensors were installed with two different inlet devices, one with the standard SpectraSensors Incorporated (SSI) “flush mounting” inlet (WVSS f) and the other with a TAT inlet (Rosemount Total-Air-Temperature housing: “WVSS r”) to achieve an impact effect with increased pressure and temperature. The following summarises the key results and outcomes from the report:

· “Analysis of data from twenty-six research flights around the United Kingdom, north Africa, the Aegean and eastern Canada show that, within the limits of this study, the WVSS-II hygrometer agrees well with the GE and the Buck in most situations”.

· In the conditions of the upper troposphere, the WVSS-f unit tended to show a wet bias.

· Generally the WVSS r compared to the WVSS f shows closer agreement to the standard sensors although it appears to have a slower response to rapid changes in humidity. Both generally demonstrate response times adequate for the sampling rates used in AMDAR.

· No significant degradation in the performance of either sensor was noticed throughout the trial.

· When exposed to liquid water the WVSS II v3 units show some limited but noticeable degradation in performance. When water particles emerge, an over-reading of WVSS-r can be interpreted as physically reasonable. The adiabatic heating of the impact air leads to a partial evaporation of the particles before the air enters the absorption chamber. However, the presence of water or ice particles always presents difficulties for all types of humidity sensors.

· “In summary, the performance of the WVSS-II in these flights was very encouraging; the WVSS-II hygrometer appears to perform well in all conditions encountered, but there are significant shortcomings in the performance of both the inlets used. The standard, flush inlet appears unable to cope with very dry conditions and is likely to produce data with a serious wet bias in the upper tropopause/lower stratosphere (UTLS). There remains concern that the flush inlet may be susceptible to run-off in heavy rain. Flights are planned over the next month which should address this issue and confirm concerns about UTLS data. The Rosemount inlet, by contrast, appears to work well in very dry conditions but can be susceptible to liquid water under certain circumstances and, for operational use, WVSS-r data in the presence of liquid water should be removed. There are also some grounds to suspect a susceptibility to mineral aerosol but this requires further investigation. Investigation of an inlet capable of providing reliable data both in the presence of liquid water and in the UTLS should be carried out”.

18. Whilst it is clear that there are still some performance issues with the WVSS-II v3 sensor, and in particular the mounting inlet system, the Panel and ET believes that the following statements define the Panel’s current position in relation to the performance of the sensor:

The WMO AMDAR Panel has, through its Members, been undertaking a scientific assessment and validation process of the method and operational suitability of the WVSS-II system designed for humidity measurement from an aircraft platform over a number of years and has extensively (on the technical level) contributed through its various developmental phases.
In its third and current significant design update (WVSS-II Version 3), the scientific evidence, based on testing carried out in the laboratory and comparison with standard humidity measuring instruments during flight trials on research aircraft and the assessment of data derived from deployment on operational commercial aircraft, suggests that the sensor and the methodology employed are currently the best able to approach the measurement and data quality standards and also meet operational requirements specified by WMO Technical Commissions and the AMDAR Panel.

The WMO AMDAR Panel is currently working towards incorporating this information and position into WMO guidance and regulatory material.

At the current time, the WMO AMDAR Panel is not aware of any other sensor, either being developed or manufactured, that is able to adequately meet the required performance standards for this specialized meteorological measurement application.

19. 
In the light of these results and the previous laboratory and comparative field tests that have been completed, the Panel and ET have sufficient confidence in the WVSS-II v3 system’s performance to recommend that Members should seek to implement water vapor measurement within their operational AMDAR programmes. 

20. 
Additionally, the Panel and ET believe that there are significant efficiencies and advantages to be derived for and on behalf of Members, if the process of AMDAR water vapor measurement implementation is carried out under the umbrella of an international project approach including:
21. 
The Panel and ET expects to work towards the compilation of a draft strategic plan for water vapor measurement implementation that might be considered for endorsement and participation by the Panel and its Members.
Turbulence and Eddy Dissipation Rate

22. A turbulence technical workshop will be held in conjunction with the Joint Panel and ET-AIR Meeting in Boulder in November 2012 and will cover, among other issues the status of the turbulence monitoring and prediction programme, based on the Eddy Dissipation Rate metric (EDR), in the USA and its possible extension internationally within the AMDAR system.

23. The one day workshop will be held prior to the AMDAR Panel Meeting on Monday 5 November, with the content to be agreed upon between the Panel and the presenters, which would come mainly from representative experts from the FAA and the National Centre for Atmospheric Research (NCAR). The key topics currently under consideration for focus include:

· History of EDR: motivation for its use and technical/theoretical description.

· Refresh and update on the FAA/UCAR EDR monitoring and prediction (M&P) program.

· Plans for extension of the EDR M&P program.

· The EDR index/categorization system and its use.

· Modeling application of EDR (both for aviation and meteorology).

· Benefits and impacts of the M&P program.

· Airline involvement and testimony of benefits and impacts.

· Scientific work on turbulence elsewhere.

· Possibilities and potential for internationalization of the EDR M&P program.

24. The FAA and NCAR have provided the Panel with a full specification of the EDR algorithms that are currently deployed operationally in the USA. This specification includes all equations and monitoring algorithms necessary to incorporate into existing AMDAR software specifications and also a software package that might be utilized for implementation and testing within an airline fleet outside the USA. The Panel will review and analyse this information with a view to developing a strategy and plan for international implementation.
Aircraft Observations Capabilities for RRR

25. The consolidated work plan of the Panel and ET-AIR now includes a task to provide input and assistance to ET-EGOS in the relevant aspects of the RRR process and to define the capabilities of the Aircraft Observations System for input into the Database of Observing Systems Capabilities.
CBS/ET-AIR and AMDAR Panel Review of the EGOS-IP
26. The review of the Evolution of Global Observing Systems Implementation Plan (EGOS-IP) made by the Expert Team on Aircraft-based Observations and the AMDAR Panel has been consolidated by the Secretariat and further reviewed by the AMDAR Panel Management Group and is presented below as Appendix A. The Meeting is invited to consider the comments and recommended amendments for inclusion in the next draft of the EGOS-IP. 

__________
Appendix A
Extracts from EGOS-IP (Chapters 5.3.1.3 and 5.4.4) on Aircraft Observations
Under Chapter 5.3 (Issues specific to each observing system component)
5.3.1.1.1.
Radiosonde data coverage: optimization  

NWP impact studies have consistently shown the importance of isolated radiosonde data (see reference to WMO workshop Proceedings, footnote 20 in section 4), and a network of upper air measurements of sufficient coverage is required for climate monitoring. Inadequacies include some large continental regions that are not monitored by any radiosonde site. It is essential to reduce these big gaps in the radiosonde data coverage, or at least, to prevent these gaps from expanding. 

It is essential to maintain operational radiosonde stations in the least observed areas of Regions I, II and III, keeping in mind that the optimization of the radiosonde coverage cannot be done independently of other observing systems, especially of aircraft observations.

Action G5

Action:  Expand radiosonde stations, or at least re-activate silent radiosonde stations, in the data sparse areas of Regions I, II and III which have the poorest data coverage. Make all possible effort to avoid closing of existing stations in these data sparse areas, where even a very small number of radiosonde stations can provide an essential benefit to all the users.

Who: NMSs/NMHSs, in coordination with WMO own and co-sponsored programmes, Technical Commissions, RAs, and other relevant organizations.

Time-frame: Continuous

Performance indicator: The standard monitoring indicators used in NWP (see footnote 18 in section 3.5). 

5.3.1.3. 
Aircraft meteorological stations

In the northern hemisphere, meteorological data derived from aircraft platforms, especially the automatic data produced by the AMDAR system, are an excellent complement to the data derived from the radiosonde network. This system produces vertical profile data in the vicinity of airports and single-level data when aircraft are flying at cruise levels. It has been shown though NWP impact studies that their impact on numerical forecasts has a magnitude similar to the impact of the radiosonde network. In the southern hemisphere and in the tropics the aircraft data coverage is very poor although there is some potential for developing it, preferably in a way which is optimal with existing AMDAR and radiosonde networks.

Whilst extending aircraft observations data coverage is important and can be achieved through the extension of the programme to new airlines and aircraft operating out of or based in countries in data-sparse areas, the programme coverage can also be improved greatly through a process of firstly, extending existing programmes so that (AMDAR potential or already AMDAR equipped but not activated platforms in) international aircraft fleets are activated for reporting and, secondly, to ensure efficiency, enhance the capabilities of programmes to control data output through the wider development and implementation of automated data optimisation systems. Such systems, whilst allowing the efficient growth of the programme outside and across international boundaries with appropriate agreements in place, will also offer the potential to utilise the AMDAR system as an adaptive observing network with the capability to quickly and efficiently change the reporting regime to serve the changing, seasonal and evolving purposes of programme areas including forecasting, NWP and research.

Humidity sensors are now used operationally on an increasing number of aircraft both in the USA and Europe, and it is critical and strategic to continue this development in order to converge to systems which measure humidity as well as air pressure (pressure altitude), temperature and wind as do radiosondes. Such an extension will provide increased opportunity to restructure the upper air observing systems for efficiency and improvement in coverage.

The lower cost of aircraft observations in comparison to the radisosonde information as well as the lesser reliance on ground-based systems and infrastructure also makes it an ideal candidate system for rapid and more reliable expansion of upper air observations for developing countries in support of both local, regional and global data users. Such an expansion should be undertaken in parallel with the necessary development action to facilitate the provision and utilisation of data.

Observations of turbulence and icing are also made on some aircraft and it is desirable to expand this capability of the AMDAR system with these parameters in support of both aviation operations and safety as well as meterological applications such as NWP and aviation forecasting.

G21


Atmospheric composition measurements for several species, aerosols and volcanic ashes are also measured on some aircrafts, but more in research than in operational mode. For the future it is important to converge to a more integrated operational system which would measure all these variables, process them consistently and make them available in real-time to data users, including: Atmospheric Chemistry Models (ACM), aviation, global and regional NWP. For example, it has been shown that the numerical forecasts of weather variables can be improved by treating the ozone variable in the NWP model through the assimilation of ozone observations. 
 


Given the demonstrated and established high quality of aircraft observations of wind and temperature and the expectation of wider application of a water vapour sensing capability that has a demonstrated capability of meeting uncertainty requirements for climate monitoring purposes, action should be taken to improve the management and availability of aircraft data for climate applications.
Action G17

Action: Improve AMDAR coverage over areas that currently have poor coverage, especially within Regions I and III, focussing on the provision of data at airports in the tropics and southern hemisphere where vertical profiles are most needed to complement current radiosonde data coverage and its likely evolution.

Who: NMSs, NMHSs in collaboration with national and other airlines, Regional Associations, CBS and AMDAR Panel.

Time-scale: Continuous

Performance indicators: The number of airports where AMDAR measurements are taken and the number of vertical profiles per day at each airport.

Action NNN
Action: Extend the AMDAR Programme to  more internationally operating fleets and extend the use of data optimisation systems in support of both improved upper air observations coverage and efficiency and also the adaptive functionality of the system.

Who: NMSs, NMHSs in collaboration with commercial and other airlines, Regional Associations, CBS and AMDAR Panel.

Time-scale: Continuous

Performance indicators: The number of airports where AMDAR measurements are taken and number of vertical profiles per day at each airport.
 The number of international airlines and aircraft equipped to provide AMDAR observations. The adaptability of the AMDAR programme.

Action G18

Action: Continue the development and operational implementation of humidity sensors as an integrated component of the AMDAR system to ensure that humidity data is processed and transmitted in the same way as air pressure (pressure altitude), wind and temperature. 

Who: NMSs, NMHSs in collaboration with commercial and other airlines and WMO commissions (CBS, CIMO) and AMDAR Panel.

Time-scale: Continuous

Performance indicators: A number of aircraft providing humidity data in real-time.

Action NNN

Action: Extend and improve the data quality management system for aircraft data at both national and global levels in line with requirements for operational meteorology, climate
 and aircraft industry  applications and ensure that data is made available to all data users.

Who: NMSs, WMO commissions (CBS, CIMO) and AMDAR Panel.

Time-scale: 5 years

Performance indicators: Improvement in the aircraft observations data quality management system. Establishment of national and global databases for the management and provision of aircraft data to users.

Action NNN

Action: Given the nature of the Aircraft Observing System as an increasingly critical and basic component of the Global Observing System, seek to establish agreements with airlines and the aviation industry to ensure that the system, infrastructure and data and communications protocols are supported and standardized within relevant aviation industry frameworks so as to ensure continuity and reliability of the system.

Who: NMSs, NMHSs in collaboration with national and other airlines and aviation industry,  Regional Associations, CBS and AMDAR Panel.

Time-scale: Continuous

Performance indicators: Agreements made with aviation industry partners and organisations.

Action G19

Action: Where possible and appropriate, the AMDAR system should collaborate with atmospheric composition measurements using the AMDAR system
 infrastructure, with processing and dissemination according to WIGOS standards. 

Who: Organizations involved in atmospheric measurements from aircraft platforms, NMSs, NMHSs in collaboration with commercial and other airlines and WMO commissions (CBS, CIMO, CAS) and AMDAR panel.

Time-scale: continuous

Performance indicators: The number of aircraft producing meteorological observations and atmospheric composition measurements in real-time.



AMDAR systems for smaller General Aviation (GA) aircraft, which usually involve the deployment of a sensor and communications package, have been tested in some areas and on a limited number of aircraft
. The impact of existing data sets (derived from deployment of the commercial communications and sensor system, such as TAMDAR in the USA) on high resolution NWP models has been evaluated and compared to other observing systems such as profilers and radars. The results are encouraging: see for example Moninger et al. (2010) and Benjamin et al. (2010). However, due to the application of a different data policy, data from these systems are not currently used in full operational mode and not made available to data users on a global basis in real time
. These aircraft tend to fly and generate level data in the middle troposphere whilst operating over shorter regional flight legs. This type of observation would be very useful for regional and local purposes and could also contribute to optimizing global data coverage. Priority should be placed on equipping aircraft operating on, to and out of isolated islands and remote sites where radiosonde observations are not available, e.g. deserts, islands and the Arctic. This development should therefore be pursued whilst taking into account the potential associated with new and developing technologies such as Automatic Dependent Surveillance – Broadcast (ADS-B) and Mode-S. 


Action G20

Action: Develop and implement operationally AMDAR systems which are adapted to small aircrafts operating at the regional scale and flying at low altitude in the troposphere.

Who: Airlines operating small aircraft, NMSs, NMHSs in collaboration with Regional Associations, CBS and AMDAR panel.

Time-scale: continuous

Performance indicators: number of small (GA) aircraft providing AMDAR observations operationally in real-time.

Action G21

Action: Enhance and extend the capability to report observations of atmospheric turbulence and icing variables as an integrated component of the AMDAR system and in line with the requirements of the relevant programme areas and data users

Who: NMSs, NMHSs in collaboration with commercial and other airlines and WMO commissions (CBS, CIMO) and AMDAR Panel.

Time-scale: Continuous

Performance indicators: A number of aircrafts providing atmospheric turbulence and icing data in real-time.

Under Chapter 5.4 (Research & development and operational pathfinders)
5.4.4. 
Aircraft atmospheric measurements

Automated aircraft measurements of air pressure (pressure altitude), wind and temperature have been operational in meteorology for more than two decades. Measurement of humidity from aircraft platforms commenced producing data on the GTS  in  early 2007. (see 5.3.1.3). 

Operational atmospheric chemistry measurements from aircraft platforms commenced around 2010 but are limited to a small number of aircraft and not integrated with the other meteorological measurements: see for example the documentation on the IAGOS project (IAGOS = Integration of routine Aircraft observations into a Global Observing System). There is still a lot of potential progress to achieve both in forecasting and atmospheric chemistry applications by: (i) Deployment on aircraft of instruments measuring atmospheric composition (and flexible enough to be installed onboard aircraft) for research purposes; (ii) The integration of some chemical measurements and current meteorological variables into a single system consistent with WIGOS requirements and with real-time dissemination.
__________

�	See for example Semane et al. (2009).


�	For priorities for integrating observations of atmospheric composition into the AMDAR system, see the SoG for atmospheric chemistry and the GAW document at footnote 30) 








�Note: was action G3 of v8


�Query: Is this section best located here?  It follows the strcture of the Vision, and aircraft are based on land, but they provide observations over ocean and land


�[Frank] : Action 21 should be moved to this place Done


�Actions have to be r e-numbered


�This para belongs in section 5.4.4 along with Action G19. I agree (Frank)


�Note:  was action G14 of v8


�Check on the wording on the use of Performance Indicators – is the intention to provide a performance indictator to be used? Has been be done, similar as currently the case in E-AMDAR (Frank)


�Check on the wording on the use of Performance Indicators – is the intention to provide a performance indictator to be used?


�Note:  was action G15 of v8


�[Frank] Only Climate ?? The climate community is not mentionned in « Who » !  Climate is not the primery user community.  See two additions


�Note:  was action G16 of v8


[Frank] Dangerous! Do not mix AMDAR with IAGOS, 2 separate systems. Association/collaboration is however possible regarding processing, protocols, data distribution.


�Suggested text : AMDAR should associate/collaborate  with the integration of atmospheric composition  measurements, … See new text (FG)


�This action belongs in section 5.4.4 – see previous comment.


�Use either aircraft or aircrafts consistently. Suggest use aircraft only.


�Give a reason why ? [Frank] See (suggested) text.


�too much detail + duplication re 5.3.1.3 - reduce?


�This para is very negative. Some of this belongs in section 5.3.1.3.


�Note:  was action G17 of v8





