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Executive Summary

The first meeting of the Expert Team on the Assessment of Data Representation Systems (ET-ADRS) was held in Washington from 23 to 25 April 2008 under the chairmanship of Mr Fred Branski (USA) and Dr Simon Elliott (EUMETSAT). The meeting reviewed the Data Representation Systems (DRSs) GRIB/BUFR/CREX, XML, NetCDF, HDF and ASN.1. In particular the Strengths, Weaknesses, Opportunities and Threats (SWOT) of these representation systems were examined. The meeting started the process of evaluating the above DRSs in response to the request of CBS for assessing advantages and disadvantages of the different DRSs for use in real time operational international exchanges between NMHSs and in transmission of information to users outside the NMHSs. The meeting discussed aspects concerning the development of the CBS policy on data representation systems. The meeting agreed on its work programme before the meeting of the Implementation Co-ordination Team on Information Systems and Services of the CBS OPAG-ISS scheduled for November 2008.
1.
ORGANIZATION OF THE MEETING

1.1 The first meeting of the Expert Team on the Assessment of Data Representation Systems (ET-ADRS) was held in Washington from 23 to 25 April 2008 under the chairmanship of Mr Fred Branski (USA) and Dr Simon Elliott (EUMETSAT).
1.2 Ms Vicky Nadolski, Deputy Director of the National Weather Service, welcomed the participants in the meeting and emphasized the importance of data representation systems for the implementation and operation of the WMO Programmes. She wished the meeting every success.

1.3 On behalf of Mr Michel Jarraud, Secretary-General of WMO, Mr P. Kerhervé welcomed the participants. He thanked the National Weather Service of USA for organising the meeting, in particular for providing the excellent facilities for the meeting.
1.4 Mr P. Kerhervé recalled that the extraordinary session of CBS (Seoul, Republic of Korea, November 2006) agreed to study the implications of using data forms, such as XML or NetCDF, for meteorological data, especially in operational meteorological real time exchanges, and to assess the development efforts and resources that would be required. CBS requested its Management Group to establish the ET-ADRS within the OPAG-ISS for assessing advantages and disadvantages, including implications (need for defining standardization, data processing development and integration, costs and benefits: flexibility, compression, feasibility of implementation, etc.), of different data representation systems (e.g. BUFR, CREX, XML, NetCDF, HDF) for use in real time operational international exchanges between NMHSs and in transmission of information to users outside the NMHSs. The ET-ADRS should develop recommendations on the most appropriate system depending on the type of exchange applications and report on the possible impacts of its findings on the migration to table-driven code forms. The CBS Management Group emphasized that the ET-ADRS should also aim at developing a proposal for a CBS policy on data representation systems.  All WMO Technical Commissions were invited to participate in the ET-ADRS.

1.5 The CBS Management Group agreed to the establishment of a conjoint Expert Team between CAeM and CBS to specifically address the requirements of aeronautical meteorology, including ICAO, for Data Representation systems, including issues of the migration of OPMET data to new forms of Data Representation (ET-ODR).  It requested the ET-ADRS to contribute to the work of the ET-ODR within its terms of references. The MG agreed that the development of the general strategy and policy for aeronautical meteorology data representation systems was actually part of the mandate of the ET-ADRS, and that this initial step of the ET-ODR activities could be merged with the ET-ADRS activities; once a policy on data representation systems developed by the ET-ADRS is adopted by CBS, the details of the migration of OPMET data to new forms of data representation should be further studied by the ET-ODR.

1.6 The outcomes of the ET-ADRS should be submitted to the meeting of the Implementation Co-ordination Team on Information Systems and Services of the CBS OPAG-ISS scheduled for November 2008 prior to the Fourteenth session of CBS planned in March 2009.

1.7 The meeting agreed on the agenda reproduced at the beginning of the report. The list of participants is given in Annex to this paragraph.

2.
REVIEW OF DATA REPRESENTATION SYSTEMS

2.1. The meeting reviewed the Data Representation Systems (DRSs) GRIB/BUFR/CREX, XML, NetCDF, HDF and ASN.1, in particular the Strengths, Weaknesses, Opportunities and Threats (SWOT) of these representation systems. The SWOT analyses and relevant synopsis are included in the documentation of the meeting prepared for this agenda item (see http://www.wmo.int/pages/prog/www/WDM/ET-ADRS-1/Documents.html).
2.2. The meeting felt  that WMO should look to adopt NetCDF4 rather than NetCDF3, as this will offer improved performance and offers a convergence of NetCDF and HDF (effectively adopting 2 standards though one API). NetCDF should be adopted where it is fit for purpose.  The meeting noted NetCDF itself provides very limited metadata specification, The Climate and Forecast (CF) metadata convention has been developed for sharing climate model and NWP forecast data.  Although used in some operational meteorological implementations, the meeting recognized there were shortcomings with the CF.  The meeting recommended WMO should engage with the NetCDF and CF community to:

· Agree on a coordination mechanism to drive forward the NetCDF format (e.g. enhanced packing/compression) and the CF metadata standards to be fit for operational meteorology (WMO requirement);
· Consider the question of the resources (e.g. at NMHS level) required to support the data format and metadata standard development;

· Develop a model for the governance.
The meeting considered that with NetCDF it was important do distinguish between recommending it as a format and recommending the use of the API from Unidata.
2.3. The Common Alerting Protocol (CAP) is a simple but general format for exchanging all-hazard emergency alerts and public warnings presented in ASN.1 (see footnote 
) and XML. CAP allows a consistent warning message to be disseminated simultaneously over many different warning systems, thus increasing warning effectiveness while simplifying the warning task. The Common Alerting Protocol (CAP) is specified in the ITU-T Recommendation X.1303, which is technically equivalent and compatible with the OASIS Common Alerting Protocol, v1.1 standard. The CAP is an example of a format ,that the Disaster Reduction Programme, the Public Weather Service Programme and the Tropical Cyclone Programme should take into account in their requirements for the presentation of the emergency alerts and public warnings, prepared and issued through these Programmes. Additionally, CCl under the World Climate Programme/World Climate Data and Monitoring Programme has developed a plan to strengthen NMHSs capacity  in delivering early warnings of climate anomalies such as those induced by EL NINO-LA NINA, NAO, etc. which in turn could lead  to the development of meteorological extremes. These advisories are called climate watches. CCl and WCDMP are interested to know how to make best use of CAP in Climate Watches. 

2.4. Joint Meteorological and Oceanographic (METOC) Broker Language (JMBL) is an operational implementation of eXtensible Markup Language (XML) for the exchange of meteorological and oceanographic (METOC) information in a network-centric environment.  JMBL is utilized to request and receive a wide variety of meteorological and oceanographic information.  The versatility of XML coupled with common naming and formats allows JMBL to be used for transferring data complete with self-defining metadata.  JMBL provides for a structured request for data and a structured response that includes standard status messages to the requestor.  The design of JMBL supports the incorporation of new data types, formats, and other choices as needed without breaking compatibility with existing users. JMBL provides users with a standard, Web services interface to meteorological and oceanographic data.  JMBL specifies a standard language for the exchange of information between data providers and user applications and uses community of interest semantics to promote interoperability between data consumers and producers.  Style sheets (XSLT) can easily be used to transform returned data to support interoperability with legacy system interfaces.

3.
ASSESSMENT OF DATA REPRESENTATION SYSTEMS

3.1. The meeting started the process of comparing the DRSs GRIB/BUFR/CREX, XML, NetCDF, HDF and ASN.1 to respond to the request of CBS for assessing advantages and disadvantages, including implications (need for defining standardization, data processing development and integration, costs and benefits: flexibility, compression, feasibility of implementation, etc.), of the different DRSs for use in real time operational international exchanges between NMHSs and in transmission of information to users outside the NMHSs. The preliminary comparison is given in Annex to this paragraph.
4. PROPOSAL FOR A CBS POLICY ON DATA REPRESENTATION SYSTEMS

Interoperability of Data Representation Systems
4.1. The meeting emphasised that the CBS policy on DRSs should be driven by the user requirements.  It considered the need not only for basic encoding, decoding and depiction of data but also for interoperability when different DRS were being utilized.  The meeting considered both semantic and syntactic interoperability.  Semantics deals with the meaning of a symbol or a word in some language, whereas syntax deals with the handling of symbols independent of their meaning. Although there are limited instances where only syntactic interoperability is needed most of the information exchange within WMO and its Members requires both semantic and syntactic interoperability to be used operationally.
4.2. The meeting noted XML is not a DRS in the same sense as NetCDF, HDF, BUFR, GRIB and CREX.  It exists at a higher level and functions as a meta-language allowing the derivation of case specific dialects.  Despite this difference, ASN.1 and XML can be used to encode and exchange information.
4.3. Syntactic interoperability should be achieved using automated transformations based on precise structural and data type definitions.  However, in the absence of a semantic relationship between elements of interest (i.e. precise definitions of the data or information elements), interoperability at the syntactic level cannot assure that the resulting integrated or transformed information is meaningful. A policy promoting broader WMO use of guidance available in ISO/IEC 11179 would align well with existing WMO procedures, and would complement broader use of the ISO 191xx series of standards, especially ISO 19115 which uses ISO/IEC 11179 in defining metadata elements.

Development of a WMO conceptual model of data representation

4.4. The meeting agreed that the application of the ISO 191xx series of geographic information standards to the development of a WMO conceptual model of data representation should be considered as a fundamental element of a CBS policy on data representation systems, in particular with a view to:
· Applying a standard approach for data representation, leading to the development of a WMO core profile of the ISO 191xx series for data and metadata, encompassing the WMO core profile of the ISO metadata standard, in line with other initiatives such as INSPIRE); the application schemata and associated tables used to represent data in BUFR, CREX, XML, NetCDF or HDF, such as the BUFR/CREX/GRIB tables, may be used to develop this WMO core profile for data and metadata, in particular to develop the relevant ISO 191xx feature catalogues, application schema(ta) and data product specification(s);
· Facilitating the interoperability and data interchange between applications based on data representations systems associated to BUFR, CREX, GRIB, XML, NetCDF and HDF.
4.5. The meeting noted with great interest the model of WMO BUFR presented by Mr Gil Ross, CAeM representative; the model could be used to develop a WMO conceptual model of data representation based on the application of the ISO 191xx series. The meeting stressed the need to separate out the coding process from the data/information model, as in the ISO 191xx series. When considering the mechanism required to represent BUFR messages in XML, the meeting noted the following:

· Since the full BUFR model is too large to set in a general XSD Schema and BUFR messages will often be too large in a GML application,  a process should be applied to represent BUFR messages into XML;
· Table D templates can be expressed in individual schemas;

· XML will most likely be used for an extraction from one or more BUFR messages;

· There is a need for a way to specify the schemas of the derived (product) XML and for a way to translate the request to a search process on the BUFR messages.
The meeting agreed that it remains a very challenging task to capture the more subtle aspects of BUFR in the XML representation, especially as regards coordinate classes and significance qualifiers.
Specific aeronautical requirements

4.6. The ICAO observer informed the meeting about the aeronautical requirements concerning the future data representation of OPMET information.  It was recalled that the conjoint ICAO/WMO MET Divisional Meeting (2002) had endorsed, in principle, the migration from the traditional alphanumeric codes to BUFR code form, as far as OPMET information is concerned.  However, when establishing transition plans, the ICAO Planning and Implementation Regional Groups (PIRGs) had encountered a number of difficulties which were related, inter alia, to:
A. The ICAO aeronautical telecommunications systems, most parts of which are not compatible with digital data, such as BUFR-coded OPMET information;

B. The reluctance of the aeronautical user community to use the BUFR code form due to its limited applicability for other aeronautical information; and

C. The SI-units of measurements imposed by the BUFR code tables which are not in accordance with ICAO Standards.
The meeting considered the comments from the aeronautical community and noted that these concerns had been presented in the past and for the most part had been addressed.  In particular:
A. Although many parts of the ICAO telecommunication systems are not compatible with digital information those same parts are also bandwidth constrained.  This bandwidth limitation makes the use of verbose formats such as XML also problematic.  Changes to the telecommunications are underway including the use of the internet which may alleviate both bandwidth and digital compatibility concerns.
B. The issue is not that BUFR has limited applicability for other aeronautical information but rather there has been no call to CBS to develop BUFR or any other format for this information.  That said, this information which includes NOTAMs and Air Traffic Control Information is mostly textual in nature. Just as XML may not be suitable for some forms of binary information such as graphics or gridded fields of information, BUFR may not be most suitable for plain text.  It is doubtful that one format is likely to be appropriate for every aviation encoding need.
C. The units which can be used in BUFR are given in Common Code Table C6, and the majority are non SI.  Additionally, through previous recommendation by the ET-DRC and CT-MTDCF is has been agreed to approve any specific non-SI units needed by ICAO.
4.7. Some of the above issues have been, or could be, resolved; however, a fundamental issue with the BUFR code form remains, i.e. the reluctance of the aeronautical user community to use a code which may not be suitable for other aeronautical applications beyond meteorology.  Therefore at the CBS-Ext. (2006), ICAO raised the question of investigating alternative means of data representation, e.g. XML, which led to the establishment of the joint CBS/CAeM Expert Team on OPMET data representation (ET-ODR).  In parallel, the ICAO Air Navigation Commission (ANC) agreed that the BUFR transition of OPMET information should be suspended until such time that the results of the CBS ETs are known. The ICAO observer emphasized the importance of getting the results of the assessment as soon as practicable.
4.8. In parallel with these developments, the team noted that the transition of the traditional Aeronautical Information Service (AIS) to Aeronautical Information Management (AIM) was taking place.  It is foreseen that the MET data will be integrated into the AIM in the medium term.  Therefore, there will be increasing pressure that the future data representation for the OPMET information be compatible with that used for AIM data (where a tendency towards the use of XML exists).  Furthermore, it is likely that the distribution of OPMET information be changed from the current “message-distribution” system towards a “net-centric” environment.

4.9. The ICAO observer considered that the following milestones would be necessary in order to migrate towards the use of table driven codes for OPMET information:

· Initial results of the two ETs to be known as soon as practicable (and no later than 2009);

· Based on the above results, review of the migration plan to table driven codes within ICAO by the ANC (2009);

· Enabling clauses in 2011 for the exchange of OPMET information in table driven code (e.g. XML) on bilateral basis, for applicability in November 2013 (Amendment 76 to Annex 3);

· Conjoint ICAO/WMO MET Divisional Meeting to endorse the use of the new code, as necessary, and the plan to migrate to the “net-centric” environment (2014)

· Finalization of the transition to the table driven code (and to the “net-centric” environment) (2016, 2019 as part of Amendments 77 and 78 to Annex 3).

4.10. The ICAO Observer highlighted the role of WMO and its CBS in this migration since, in accordance with the Working Arrangements between ICAO and WMO (Doc 7475), the WMO was the organization responsible for the aeronautical meteorological codes which are to be based on the requirements stated by ICAO.  He recommended that WMO include interoperability considerations in WMO regulatory and guidance material.  In particular, the efforts by Eurocontrol and the US FAA would have to be reconciled; furthermore substantial efforts should be made to ensure that similar systems could be implemented by States in the other regions of the world.

4.11. Noting the activities undertaken by Eurocontrol and US FAA for the presentation of OPMET data in XML, the meeting  recommended the development of a pilot project for the presentation of OPMET data in XML, possibly based on the applications of ISO 19131 – data product specification – and ISO 19118 – encoding rules - as given in Annex to this paragraph. Such a pilot project should aim at gaining practical experience in the application of the standard approach recommended in above paragraphs 4.1 and 4.2. The ET-ODR should coordinate a more detailed definition of the scope of the pilot project and its implementation, and should report to the ET-ADRS on the outcomes of the pilot project. 
Development of portals

4.12. The use of data portals is an increasing activity of Members and WMO Programmes as well as a component of WIS.  The World Climate Data and Monitoring Programme (WCDMP) is developing portals for Data Rescue activities. These portals typically have data exchange services including uploading data by the contributors as well as downloading data by users. The issue of appropriate data representation systems for these services will also need to be addressed in the work of the Team.
5. FUTURE WORK PROGRAMME
5.1 The meeting agreed on the establishment of sub-groups to continue the work of the expert team. The co-chairs will establish the sub-groups.
5.2 The sub-groups should start their activities before15 June 2008, provide two interim reports to the ET-ADRS before 15 July and 15 August respectively, and a final report by 15 September 2008. The co-chairs will consolidate the contributions in a document to be submitted to the meeting of the Implementation Co-ordination Team on Information Systems and Services of the CBS OPAG-ISS scheduled for November 2008.
6
CLOSURE OF THE MEETING

6.1
The meeting closed on 25 April 2008 at 01:30 p.m.
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Annex to paragraph 3.1

Comparison of the Data Representation Systems

	Criteria
	BUFR/CREX/GRIB
	XML
	NetCDF
	HDF
	ASN.1

	Ability/suitability to present WMO data

(F. Branski, M. Fuentes, K. Kosuge)
	Generalities
	Able/Suitable – in current use Where low volumes of information or plain text are involved advantages reduced; CREX less so
	Able for ASCII formats

Problems with binary data 

Suitability dependent on volume and complexity of information

Taxonomy/vocabulary issues

Can handle plain text well
	Able

Suitable in most cases

CF extension issues 

Taxonomy/vocabulary issues
	Able – more of a container system.

Coupled with NetCDF or ? works well.

Suitable in most cases

CF extension issues 

Taxonomy/vocabulary issues
	

	
	Existing and potential domain of exchange  applications in terms of types of data, WMO and related Programmes and/or  user communities
	Widely in use for almost all programmes.

Irregular grid issue in oceanography.

Strong NWP base

Also used for archiving
	Hazards and/or text message needs.

Metadata registries & catalogues
Query, discovery, request/reply systems 
	Research community

End-user/Workstation base

Used in Climate community
	Mostly used in Satellite community & archive systems
	

	Ability/suitability to exchange real-time operational data between NMHSs

(F. Branski, M. Fuentes, K. Kosuge))
	Generalities
	Very suitable

Handles large volumes well

In common practice large skill and knowledge base in this community
	Much less suitable except in certain cases such as request/reply, warning (hazards) and for other relatively small text messages.

Not current practice
	Capable but less suitable.  Not in common practice.
	Able but only suitable as an envelope.   Not in common practice. 
	

	
	Impacts on the exchanged data (volume, etc.)
	No impact as it is current practice
	Volume & binary data are issues
	May have  volume issues even if that is relatively small on a per message basis
	Overhead (2kb or more) per message
	

	
	Costs/benefits for NMHSs, including feasibility and flexibility of implementation
	Virtually no cost, low risk
	Costs associated with developing common practices (definitions, schemas, vocabularies, etc).  Benefits may exist specials cases or applications.


	Costs associated with developing common practices.

Little benefit, special cases may exist.

Bilateral arrangement.


	Costs associated with developing common practices.

Little benefit, special cases may exist.

Bilateral arrangement.


	

	Ability/suitability to transmit information to users outside NMHSs including aviation

(S. Elliott, J.W.Noteboon)
	Generalities
	
	
	Wait for NetCDF4 and HDF5 to integrate before proposing.  Really need to tighten use of convention and get WMO to define something,
	

	
	Impacts on the exchanged data (volume, etc.)
	Data volumes are small as compression is good (except for CREX)
	Verbose 

(there are workarounds)

Good for small datasets
	Data volumes are bigger than BUFR/GRIB but smaller than XML.
	

	
	Costs/benefits for NMHSs, including feasibility and flexibility of implementation
	Advantage is they are already known.  And that we drive requirements. But fits in context of migration.  Can be cost if they have to reformat to other users’ format.
	Low costs. Users can easily specify their requests in a way that computer can process
	Low cost / some benefit as tools are widely available.
	

	
	Costs/benefits for users outside NMHSs, including feasibility and flexibility of implementation
	Have to be learnt the new formats.  
	Low costs to users. Browser is already there. For aeronautical users some development needed.

Usage of OGC services can be easily achieved 
	Low cost / some benefit as tools are widely available.
	

	Ability/suitability to store, retrieve and request data
(S. Elliott, J.W.Noteboon)
	Generalities
	
	XML is for exchange rather than storage.  It may fit better with eBusiness models (TBC).
	NetCDF is for storage rather than exchange.  NetCDF and HDF data are archived as files and rely on RDBMS on top using meta data to access the information.
	

	
	Impacts on the stored data (volume, etc.)
	Small data volumes (except CREX)
	XML native databases need more space . There is not much experience with native XML databases. 

Need to map to RDBMS tables
	Data volumes are bigger than BUFR/GRIB but smaller than XML.
	

	
	Costs/benefits for NMHSs, including feasibility and flexibility of implementation
	Subsetting of BUFR data (selection) is not easily supported.


	Very flexible.  May be a need to buy in some expertise, but this is readily available.  No knowledge of NMHSs storing data in XML.
	
	

	
	Costs/benefits for users outside NMHSs, including feasibility and flexibility of implementation
	Small size of files mean they are easy to manage locally.
	No knowledge of storage of anything, but certainly used for exchange.  As other formats, needs an RDBMS in order to allow data discovery and access.
	
	

	
	BUFR
	CREX
	GRIB
	
	
	
	

	Interoperability Standardization
	Generalities
	True interoperability is not addressed by any one format, but by the syntactic and semantic mappings between the formats (unless only one format is selected!). Goal is for a tool (net-centric?) for interoperability between formats/schemes – the messaging system becomes important.

	
	
	Okay (and essential?) for NMHSs, but not for within the wider community
	Okay for all. Opens up the data to wider community. An Aviation requirement
	Almost okay for NMHSs and wider community. Focus on NetCDF4 (with merges in key capability from HDF). Expressed through an API


	Meta-format - used to represent the format rather than the data.

	
	Availability of Conceptual model for real-time data exchange between NMHSs and for the information transmitted to users outside NMHSs
	No, but possible with considerable effort
	No, but possible
	No, but possible
	No, but can easily be used to implement a conceptual model for full range of users
	No, but possible
	No, but possible
	N/A

	
	Ability to translate back and forward to other DRSs
	Yes
	Yes for translation to other DRSs.  Subset of other DRSs only for translation to CREX
	Yes
	Yes (XSLT also provides ready mapping between XML dialects)
	Yes
	Yes
	N/A

	
	Ability/Suitability to envelop objects or act as a pseudo carrier
	Yes, although interpretation of objects is not supported by the DRS
	Yes, but only  for character coded objects, although interpretation of objects is not supported by the DRS 
	Yes, although interpretation of objects is not supported by the DRS
	Yes
	No
	Yes
	N/A

	
	Human readability…ease of display/inspection, +ease of creation
	No
	Yes
	No
	Yes
	No, but common tooling delivers this
	No, but common tooling delivers this
	N/A

	
	Simplicity to use
	No
	Yes
	No
	Yes
	Yes
	Yes
	N/A

	
	Inter-community use
	Yes
	YES (TBC)
	Yes
	Yes
	Yes
	No
	N/A

	
	Intra-community use
	Yes
	No (TBC)
	Yes
	Yes
	Yes
	Yes
	N/A

	Available support skills and technology
	No
	No
	No
	Yes
	Yes
	Yes
	N/A


	Governance

(S. Fechner, P.Kerhervé)
	Who has the responsibility for the maintenance of the DRS and the data model?
	WMO
	a) W3C

b) Dialects to be developed and maintained by WMO

c) Potential use of dialects from other organisations
	Unidata and CF working group for the CF convention

Future capabilities of local CF conventions through namespaces
	HDF group at the University of Illinois


	ITU

	
	How are the changes managed?
	Recommendations of the ET-DRC , CBS to the EC
	a) very infrequently through W3C

b) Through an improved WMO process to be developed

c) Depending on the specific management structure
	There is a governance document, a convention committee and a standard name committee.
	Via an HDF group business model
	ITU process

	
	How are the WMO Members involved in the maintenance of the DRS?
	Through CBS
	a) only through W3C membership

b) Through CBS

c) Through the membership of the corresponding structure
	Individually not collectively
	Individually not collectively
	Working arrangements between ITU and WMO to be updated

	
	How would WMO Members submit requirements?
	Through the Secretariat
	Through the Secretariat or as above
	Through individual experts
	Through individual experts
	Through the Secretariat


Annex to paragraph 4.11
Application of the ISO 191XX series to the development of a pilot project for the presentation of OPMET data in XML
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Data product specification (ISO 19131)





Encoding rules for DRS No. 2






























































�  - ASN.1 is defined in ITU-T X.1303, X.680 to X.683, and X.690 to X.695







