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EXECUTIVE SUMMARY

In 2003, the World Meteorological Organization (WMO) approved a policy that all observational data exchanged internationally should be migrated from traditional alphanumeric codes (TAC) to table-driven code forms.  Overall guidelines were provided, including the use of the Binary Universal Form for the Representation of meteorological data (BUFR) as the target code form.  A global migration schedule was also provided, and WMO requested each member country to develop its own national plan to achieve this result.

As of early 2010, most U.S. satellite data is now exchanged in BUFR, and some conventional data types (e.g. ACARS, wind profiler) are exchanged in BUFR as well.  In addition, meetings have been held where the WMO migration requirement has been discussed with other U.S. federal agencies involved in the exchange of meteorological data.  However, a comprehensive U.S. migration plan has yet to be developed, and there are several data types which, according to the WMO timeline, are due to be migrated by November 2010 but which have yet to be addressed within the U.S.  Meanwhile, nearly 33% of our fellow WMO member countries have developed their own national migration plans, and more than 20% expect to meet the November 2010 target date.

This document provides the foundation for a national migration plan, including how the U.S. can transition to the exclusive use of BUFR for the international exchange of observational meteorological data.  The plan has been reviewed through the OFCM by representatives from NWS, AFWA, FNMOC, FAA and other agencies of the federal meteorological community.  Since all data exchanged between the U.S. and international partners passes through the NWS Telecommunications Gateway (NWSTG), the plan proposes that the NWS Telecommunications Operations Center (TOC) take a lead role in the transition from traditional alphanumeric codes to BUFR on behalf of the U.S.  This is the best option to prevent the U.S. from falling farther behind other member countries in meeting the WMO migration requirement.  The TOC should be resourced to meet this challenge, and the NWS, as the agency officially representing the U.S. to WMO, should be prepared to lead the overall execution of this plan.
THE BUSINESS CASE: WHY MIGRATE?
The global meteorological community has long recognized the shortcomings of the traditional alphanumeric codes (TAC).  A detailed background discussion is provided in Appendix A, including a chronological history of how the WMO came to approve BUFR as the long-term replacement for all of the TAC codes.  In summary, BUFR offers a significant advantage over the multitude of TAC codes; namely:
· BUFR is universal across datatypes.  BUFR can be used to represent any type of data.  Data processing centers only need to develop and maintain BUFR decoder software, rather than separate decoder software for each individual TAC code.  This decreases software development as well as training costs at each center.

· BUFR is self-describing.  The meaning of each individual data value is documented within the BUFR message itself, via the use of an agreed set of data descriptors, and without any dependency on a separate rules manual.

· BUFR is table-driven.  The data descriptors comprising the allowable set of data values to be exchanged are maintained in separate tables, including prescribed units and precision.  Any improvements to existing instrument precision as well as new data reporting capabilities can be handled through only simple modifications to the BUFR descriptor tables.  This improves the pace and reliability of global change management.

· BUFR is binary.  The efficiency and compressibility of the BUFR code form make it an ideal choice for representing many types of data that were too verbose or too cumbersome to be described in an ASCII-based TAC code form. 
Therefore, in 2003, WMO approved a policy to phase out the use of all existing TAC code forms in favor of BUFR.  To that end, a Coordination Team for the Migration to Table-Driven Code Forms (CT-MTDCF) was established and worked over several years to develop an overall strategy and timeline for the migration, as shown in Appendix B.
CURRENT STATUS: WHERE ARE WE TODAY?

The overall WMO community
The migration is well underway throughout the world.  Large volumes of data, especially satellite data as shown under Category 2 of Appendix B, are already exchanged internationally in BUFR.  Out of 183 WMO member nations, 58 (32%) had developed and were executing their own national migration plan as of January 2010.  And 39 nations (21%) reported that they were on schedule to be fully migrated as of November 2010 according to Category 1 of Appendix B.

During the migration process, there is normally a period of dual dissemination, during which a country will send the same data in both the TAC and BUFR formats to allow recipients to transition to BUFR before ceasing transmission of the TAC format. As progress is made, status is reported to WMO and maintained in an online archive for access by all member countries, including a centralized registry of available BUFR products.  A repository of national migration plans is also maintained, and each country is encouraged to provide periodic updates to their plan, allowing fellow members to plan for the availability of new products.

As a result of budget issues within WMO, and recognizing that many of the details of the migration work overlapped and required close coordination with its Inter-Programme Expert Team on Data Representation and Codes (IPET-DRC), the CT-MTDCF was disbanded as a separate team in 2009.  Its ongoing monitoring and outreach activities are now folded into the terms-of-reference of the IPET-DRC.

Within the U.S.

Numerous U.S. meteorological products including satellite, ACARS, wind profiler and air quality data are already being exchanged in BUFR with the rest of the international community.  The OFCM has hosted migration discussions between representatives from NWS, AFWA, FNMOC, FAA and other agencies which process international observational data, so there is awareness of the WMO policy throughout the federal meteorological community.  However, a comprehensive plan has yet to be formalized for how the U.S. can collectively meet the requirements of the overall WMO migration schedule as shown in Appendix B.  Without such agreement, the U.S. will continue to lag many of our international colleagues in meeting WMO data exchange requirements.  The following section discusses some options and makes an overall recommendation for a plan of action.  The NWS, as the official agency representing the U.S. to WMO, would lead the execution of this plan and reporting of progress to WMO.

THE ROAD FORWARD

The WMO migration schedule is shown in Appendix B, with the various TAC codes grouped into categories.  As noted earlier, only 39 out of 183 member nations (21%) are on schedule to complete the Category 1 types by the end of this year, so the overall schedule is expected to be revised at upcoming meetings of the IPET-DRC.  Nevertheless, it is important for the U.S. to develop an internal consensus as to what we can accomplish and by what dates, so that we can be fully prepared to participate in these future discussions at the WMO level.  A proposed U.S. migration schedule is shown in Appendix C, based on the following discussion.
Referring to the current WMO schedule, NESDIS and the rest of the U.S. satellite community have already made significant progress towards BUFR capability, and the result is that all required satellite data is now being exchanged in BUFR over international circuits.  So Category 2 data can be considered as complete from a U.S. perspective.  Category 3 data types require formal authorization from ICAO before being migrated to BUFR, and these discussions are still ongoing with FAA acting as the lead U.S. agency in negotiations with ICAO.  As for Categories 5 and 6, many of these data types are obsolete, and there are no known entities within the U.S. which receive or produce such data for international exchange, so those categories can be disregarded as well.  Thus, the focus of the remainder of this plan will be on accomplishing the migration of the data types listed under Categories 1 and 4 of Appendix B.

There are two aspects to be considered for each data type.  One is the observational data generated within the U.S. for distribution to international partners, and the other is the receipt of the same type of data generated by these same partners for distribution back within the U.S.  In both cases, the National Weather Service Telecommunications Operations Center (TOC) is positioned to play a key role in the U.S. migration effort. Its Telecommunications Gateway (NWSTG) is the conduit through which all official national observational data is distributed to and from international circuits for all U.S. users, both civilian and military.  Since the WMO policy is only concerned with data transiting these international circuits, it would significantly lessen the immediate impact to the internal U.S. infrastructure if such data could be converted to/from BUFR directly at the TOC for some transitional period.  Specifically, all TAC data coming into the TOC for international distribution could be gathered together and encoded into BUFR for “dual dissemination”. Similarly, all migrated data received in BUFR from international sources could be decoded from BUFR for the benefit of internal users who are not yet capable of directly processing it themselves.  A significant number of known internal users already have the capability to receive and process BUFR data, and this number is expected to grow over time, so the requirement for a centralized decoding capability may well be limited to only a small number of users.  For those who require it, a transition period could be established during which they could receive the data from the TOC in both TAC and BUFR.

In a similar manner, it is envisioned that a majority of U.S. observing systems would, over time, become capable of directly generating BUFR data instead of the current corresponding TAC formats.  The advent of the NWS Radiosonde Replacement System is one example of this.  And while it will certainly require time and effort to replace or upgrade all existing systems, the advantages of BUFR for representing observational data are well-documented (see Appendix A), and other countries throughout the world are already moving down this same path as part of their own migration plans in accordance with the WMO migration policy.  So the effort is worthwhile, and as more U.S. observing systems become capable of directly producing BUFR data, the need for a centralized encoding capability to convert the TAC formats into BUFR for international distribution would decrease accordingly.  But in the meantime, a centralized encoding capability at the TOC would enable the U.S. to meet international requirements.
The assumption of these additional responsibilities would not be trivial and would involve a significant commitment of resources at the TOC.   However, the TOC already serves as a centralized collection and distribution point for U.S. observational data, so housing an encoding and decoding capability there makes functional sense from an overall organizational standpoint.  An alternative would be for the TOC to continue to collect and distribute data, but for the conversion to/from BUFR to be done elsewhere if insufficient resources or BUFR expertise is available at the TOC.  This could be done, but it would introduce added latency as well as an increased number of potential points-of-failure to the operational flow of observational data within the U.S.    So it would be preferable to provide the necessary resources for the TOC to meet this capability on its own.  There would likely be no need for the TOC to develop its own BUFR encoding/decoding software, since such software is already available from numerous sources (including within the NWS), and such a package could likely be configured to translate data values between BUFR and the various TAC code forms.  However, a significant amount of internal testing would certainly be required to develop the familiarity needed to configure and maintain the software and confirm its stability for use in a national operational system, especially if it were obtained from an external source. 
As noted within Appendix C, the WMO IPET-DRC has developed detailed templates for all of the TAC codes, describing how the data values currently reported in the corresponding TAC code form can be similarly reported in BUFR, and this should significantly decrease the amount of effort needed to plan and develop any necessary encoding mechanisms at the TOC.  Of added benefit, the use of common BUFR sequences will promote greater mutual understanding and improved exchange efficiency for all involved parties both nationally and internationally.  

In executing the plan, priority should be given to the data types listed in Category 1 of Appendix B, since there is a shorter remaining lead time associated with these types.  Again, the actual dates in the WMO schedule are expected to be revised during future discussions by the IPET-DRC, but the priorities assigned to each type are not expected to change. Then, once the types in Category 1 are complete (or well underway), migration efforts could proceed with the types listed in Category 4.  A proposed timeline for U.S. migration of all such types is shown in Appendix C.  For each type, a transition period of “dual dissemination” is planned, during which receivers of the data could receive it in both the TAC and BUFR formats, with the goal of discontinuing the TAC feed at the end of the specified period.  Multiple transition periods could be scheduled to run in parallel, depending on resource requirements and the scope of the data types in question.

For all data types, it is recommended that the U.S. should not make use of the interim CREX format during the migration effort (see Appendix A for more about CREX), since there is sufficient technological capability within the U.S. that a direct migration from TAC to BUFR should not be problematic.  Throughout the entire process, periodic status updates should be made to WMO through the IPET-DRC, and the WMO migration web site should likewise be monitored to learn of any new data types that have been migrated by our international colleagues, and which now may be of potential interest to users within the U.S.

APPENDIX A

Background:  The Case for Migration
Observational data are the foundation of numerical weather prediction.  Without an accurate picture of the current state of the atmosphere, accurate numerical modeling is impossible.  Yet many of the data formats currently used to exchange observations were developed in the era of teletype communications, when there was a cost associated with every byte of data transmitted.  Binary transmission of data was impractical at the time, owing not only to the lesser capacity of communication circuits but also to the limited processing power available to data producers and recipients at that time.  As a result, ASCII-based code forms were developed by the WMO to be as efficient as possible while still maintaining human-readability.  Individual fields in a code form were truncated to a minimum length and derived much of their meaning from their ordinal position within the overall code form.  For example, the second field within a radiosonde report would always contain the report day and hour, and 50 would be added to the value of the report day if wind speeds were reported in knots rather than meters per second.  These “rules” were not encapsulated within the report itself but rather were documented in separate manuals.  Actual data values were designed to be reported to the precision consistent with the instrumentation of the time, and a considerable amount of useful data (including station metadata, leading digits of height values, etc.) were often omitted from the code form altogether, with the understanding that the recipient would be required to derive such information on his or her own from additional sources, or else based on intrinsic meteorological knowledge or the overall context of the report.  Examples of these types of WMO code forms are SYNOP (for synoptic land-based reports), TEMP (for radiosonde reports) and METAR (for routine aviation weather reports) and are collectively known as “traditional alphanumeric code forms” (TAC).  

As time went on, and the precision of observing instruments improved along with the availability of increased computing power, the shortcomings of the TAC codes became even more apparent.  An improvement in instrument measuring precision could not be easily reflected within an existing code form, nor could new observed data values be easily added into an existing code form, because to do so required coordination by all users of the code form.  This change process was cumbersome and often took years. The fact that each TAC code was customized to a particular observing platform meant that a new TAC was required, along with user training, software development and documentation costs, every time a new observing platform was developed.

The solution was to develop one single code form that could be flexible and extensible enough to represent any type of observational data.  Metadata would be included within the new code form so that each observational report was self-describing. In 1988, the WMO approved the first edition of BUFR in order to address this need.  As envisioned, BUFR would serve as an eventual replacement for all of the various TAC codes in existence at the time, and it would be beneficial for the following reasons:

· BUFR is universal across datatypes.  BUFR can be used to represent any type of data.  Data processing centers would only need to develop and maintain BUFR decoder software, rather than separate decoder software for each individual TAC code.  This decreases software development as well as training costs at each center.

· BUFR is self-describing.  The meaning of each individual data value is documented within the BUFR message itself, via the use of an agreed set of data descriptors, and without any dependency on a separate rules manual.

· BUFR is table-driven.  The data descriptors comprising the allowable set of data values to be exchanged are maintained in separate tables, including prescribed units and precision.  Any improvements to existing instrument precision as well as new data reporting capabilities can be handled through only simple modifications to the BUFR descriptor tables.  This improves the pace and reliability of global change management.

· BUFR is binary.  The efficiency and compressibility of the BUFR code form make it an ideal choice for representing many types of data that were too verbose or too cumbersome to be described in an ASCII-based TAC code form. 
BUFR was first approved for operational use by WMO in 1988 and has been used to exchange numerous types of observational data between worldwide processing centers.  The BUFR code form specifications are maintained by the WMO Inter-Programme Expert Team on Data Representation and Codes (IPET-DRC) which regularly meets to review new user requirements and recommend updates.  The vast majority of changes have involved the simple addition of new data descriptors to the BUFR tables as new data types and instrumentation procedures have been developed throughout the years. Because of the table-driven design of BUFR, these additions have required no corresponding changes to the encoder/decoder software itself.  Therefore, such changes have been able to be implemented quickly and efficiently compared to corresponding changes to the TAC code forms.

Subsequently, in 2003, the 14th Congress of WMO (Cg-XIV) approved a policy to phase out the use of all existing TAC code forms in favor of BUFR. The WMO recognized that such a migration would involve significant changes for all member countries, so it further:

· directed that the process be as flexible as possible in allowing all countries to migrate at their own pace within a reasonable overall time frame 

· requested each member country to develop its own national migration plan, taking into account its own individual situation and capabilities

· recognized that the migration of certain TAC code forms used for aviation (most notably, METAR and TAF) would require coordination with and approval by the International Civil Aviation Organization (ICAO)

· organized and funded training seminars for member countries (especially developing countries) to teach them the goals of migration and the benefits of table-driven codes

· directed the IPET-DRC to develop templates, demonstrating how the data values currently exchanged within each of the existing TAC code forms could similarly be exchanged using BUFR

· approved the use of CREX (Character form for the Representation and EXchange of data) as an interim migration step for countries that were not capable to migrate directly to BUFR

· established and funded a Coordination Team for the Migration to Table-Driven Code Forms (CT-MTDCF) to oversee the entire process

The CT-MTDCF then worked over the course of the next several years to develop a comprehensive strategy and timeline for the migration.  The team coordinated with external organizations such as ICAO and IOC to brief them on WMO’s plan and incorporate their input.  They also met with other stakeholders including telecommunication and observing equipment manufacturers who would be integral to the migration process.  Throughout the development process, the CT-MTDCF also worked closely with the IPET-DRC to enlist their assistance in educational and outreach efforts.  The teams held several joint meetings, and members of the IPET-DRC were commissioned to serve as lecturers at training seminars.  A wealth of resource information was developed and archived to the WMO website, including an overall migration timeline as shown in Appendix B.
Further background and reference material is available at http://www.wmo.int/pages/prog/www/WMOCodes.html
APPENDIX B
WMO Code Migration Schedule (circa 2005)

Expected to be revised at upcoming meetings of IPET-DRC
	Category (

	Cat.1 : common
	Cat.2 : satellite observations
	Cat.3 : aviation(1)
	Cat. 4: maritime
	Cat. 5(2): miscellaneous 
	Cat. 6(2): almost obsolete

	Lists of (
Traditional code forms 

Schedule (
	SYNOP

SYNOP MOBIL

PILOT

PILOT MOBIL

TEMP

TEMP MOBIL

TEMP DROP

CLIMAT

CLIMAT TEMP
	SAREP

SATEM

SARAD

SATOB
	METAR

SPECI

TAF

AMDAR

ROFOR
	BUOY

TRACKOB

BATHY

TESAC

WAVEOB

SHIP

CLIMAT SHIP

PILOT SHIP TEMP SHIP

CLIMAT TEMP SHIP
	RADOB

IAC

IAC FLEET

GRID(to GRIB)
RADOF


	CODAR

ICEAN

GRAF

NACLI etc.

SFAZI

SFLOC

SFAZU

RADREP

ROCOB

ROCOB SHIP

ARFOR

WINTEM MAFOR

HYDRA

HYFOR

	Start experimental  Exchange(3) 
	Nov. 2002 for some data (AWS SYNOP, TEMP USA)
	Current at some Centres
	2006

2002 at some Centres for AMDAR
	2005

2003 for Argos data (BUOY, sub-surface floats, XBT/XCTD)
	2004
	Not applicable

	Start operational exchange(3)
	Nov. 2005


	Current at some Centres
	2008

2003 for AMDAR
	2007

2003 for Argos data (BUOY, sub-surface floats, XBT/XCTD)
	2006
	Not applicable 

	Migration complete
	Nov. 2010
	Nov. 2006
	2016

2005 for AMDAR
	2012

2008 for Argos data (BUOY, sub-surface floats, XBT/XCTD)
	2008
	Not applicable 


Notes:

(3) Aviation Codes require ICAO coordination and approval, except for AMDAR


(2)
For category 5 consider that codes need to be reviewed in order to decide whether or not they should be migrated to BUFR/CREX.  Codes in category 6 are not to be migrated.

(3)
All dates above are meant as “not later than”.  However, Members and Organizations are encouraged to start experimental exchange, and, if all relevant conditions (see below) are satisfied, to start operational exchange as soon as possible.

· Start of experimental exchange: data will be made available in BUFR (CREX) but not operationally, i.e. in addition to the current alphanumeric codes, which are still operational.

· Start of operational exchange: data will be made available in BUFR (CREX) whereby some (but not all) Members rely on them operationally.  Still the current alphanumeric codes will be distributed (parallel distribution).

· Migration complete: at this date the BUFR (CREX) exchange becomes the standard WMO practice.  Parallel distribution is terminated.  For archiving purposes and at places where BUFR (CREX) exchange still causes problems the alphanumeric codes may be used on a local basis only.

Relevant conditions to be satisfied before experimental exchange may start:

· Corresponding BUFR/CREX-tables and templates are available;

· Training of concerned testing parties has been completed;

· Required software of testing parties (encoding, decoding, viewing) is implemented;

Relevant conditions to be satisfied before operational exchange may start:

· Corresponding BUFR/CREX-tables and templates are fully validated;

· Training of all concerned parties has been completed;

· All required software (encoding, decoding, viewing) is operational. 

APPENDIX C

Proposed U.S. Migration Schedule

Note that, for all TAC data types listed below, the WMO IPET-DRC has developed detailed templates describing how the data values within each type can be translated into BUFR.  These templates are available for download from http://www.wmo.int/pages/prog/www/WMOCodes/TemplateExamples.html#Regulations
Note also that, for each TAC type within the table:

· The “Begin Experimental Exchange” column denotes the date by which U.S. observational data for that type is made available to international circuits in both TAC and BUFR (i.e. “dual dissemination”), with TAC continuing to be considered the operational format.

· The “Begin Operational Exchange” column denotes the date by which BUFR is declared the operational format, but the corresponding TAC format may still be disseminated to specific customers depending on their own individual needs.
	TAC
	Begin Experimental Exchange
	Begin Operational Exchange
	Notes

	SYNOP
	April 2012
	October 2013
	Within the U.S., SYNOP is currently derived from METAR at the TOC.

	SYNOP MOBIL
	N/A
	N/A
	Not currently produced within the U.S.

	TEMP
PILOT
	October 2011
	April 2013
	The U.S. Radiosonde Replacement System already generates BUFR products for NCDC, although not according to the international template at the above URL.  A mapping could be done between these templates.

	TEMP SHIP
PILOT SHIP
	April 2012
	April 2014
	May require upgrade of onboard encoding software for BUFR capability.

	TEMP MOBIL

PILOT MOBIL
	April 2012
	April 2014
	

	TEMP DROP
	April 2012
	April 2014
	May require upgrade of onboard encoding software for BUFR capability.

	CLIMAT
	October 2012
	October 2014
	

	SHIP
	April 2012
	April 2014
	May require upgrade of onboard encoding software for BUFR capability.

	BUOY
	October 2012
	October 2014
	May require upgrade of onboard encoding software for BUFR capability.

	BATHY
	April 2013
	April 2015
	

	TESAC
	April 2013
	April 2015
	

	TRACKOB
	April 2013
	April 2015
	

	WAVEOB
	October 2013
	October 2015
	


APPENDIX D
Glossary of Acronyms

	ACARS
	Aircraft Communications Addressing and Reporting System

	AMDAR
	Aircraft Meteorological Data Relay (a TAC code form)

	AFWA
	Air Force Weather Agency

	BATHY
	Bathythermal report (a TAC code form)

	BUFR
	Binary Universal Form for the Representation of meteorological data

	BUOY
	Buoy observation (a TAC code form)

	CLIMAT
	Monthly surface report from a fixed-land station (a TAC code form)

	CLIMAT SHIP
	Monthly surface report from a ship (a TAC code form)

	CREX
	Character form for the Representation and Exchange of data

	CT-MTDCF
	Coordination Team for the Migration to Table-Driven Codes

	FAA
	Federal Aviation Administration

	FNMOC
	Fleet Numerical Meteorology and Oceanography Center

	ICAO
	International Civil Aviation Organization

	IOC
	Intergovernmental Oceanographic Commission

	IPET-DRC
	Inter-Programme Expert Team on Data Representation and Codes

	METAR
	Routine meteorological report for aviation (a TAC code form)

	NAVOCEANO
	Naval Oceanographic Office

	NCDC
	National Climatic Data Center

	NESDIS
	National Environmental Satellite, Data and Information Service

	NOAA
	National Oceanic and Atmospheric Administration

	NWS
	National Weather Service

	NWSTG
	National Weather Service Telecommunications Gateway

	OFCM
	Office of the Federal Coordinator for Meteorology

	PILOT
	Upper-level wind report from a fixed-land station (a TAC code form)

	PILOT MOBIL
	Upper-level wind report from a mobil-land station (a TAC code form)

	PILOT SHIP
	Upper-level wind report from a ship (a TAC code form)

	RTH
	Regional Telecommunications Hub

	SHIP
	Surface report from a ship (a TAC code form)

	SPECI
	Special meteorological report for aviation (a TAC code form)

	SYNOP
	Surface report from a fixed-land station (a TAC code form)

	SYNOP MOBIL
	Surface report from a mobil-land station (a TAC code form)

	TAC
	Traditional Alphanumeric Code

	TAF
	Terminal Aerodrome Forecast (a TAC code form)

	TDCF
	Table-Driven Code Form (e.g. BUFR, CREX)

	TOC
	National Weather Service Telecommunications Operations Center

	TEMP
	Radiosonde report from a fixed-land station (a TAC code form)

	TEMP MOBIL
	Radiosonde report from a mobil-land station (a TAC code form)

	TEMP SHIP
	Radiosonde report from a ship (a TAC code form)

	TEMP DROP
	Dropsonde report (a TAC code form)

	TESAC
	Temperature, salinity and current report (a TAC code form)

	TRACKOB
	Ship track report (a TAC code form)

	WAVEOB
	Spectral wave report (a TAC code form)

	WMO
	World Meteorological Organization

	XBT
	Expendable bathythermograph

	XCTD
	Expendable water conductivity, temperature and depth profiling system
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