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REPORT OF EXPERT MEETING ON DEVELOPMENT OF EDITION 2 OF WMO GRIB CODE

1.
ORGANIZATION OF THE MEETING
1.1
Opening of the meeting
1.1.1
An Expert Meeting on the development of WMO GRIB Edition 2 took place at NOAA Headquarters in Silver Spring, USA from 2 to 5 December 1997 (the participants list can be found in Appendix 1).  The meeting was opened on Tuesday 2 December at 9 a.m. by Mr Richard K. Thigpen, Chief of the Network Monitoring and Analysis Branch of the US National Weather Service Office of Systems Operations.

1.1.2
The WMO Secretariat representative, Mr Joël Martellet welcomed the participants and thanked the National Weather Service for hosting the meeting and providing excellent assistance and facilities.  He recalled that the goal of this Expert Meeting, after the recommendation of CBS XI in 1996, was to define the strategy and the steps to develop a new edition of GRIB to satisfy the new requirements.  The plan was the approval of a first GRIB 2 definition in April 1998 by the Sub-group on Data Representation and Codes, to be endorsed by the Working Group on Data Management meeting in Spring 1998 and then to be presented at CBS Ext. 98, for experimental use, and for final approval at CBS 2000 for operational implementation on November 2001.

1.1.3
The Experts elected Dr Cliff Dey from USA as chairman for this meeting.

1.2
Approval of the agenda
The Meeting agreed to add two items to the agenda: a discussion of overall requirements for GRIB (2.3) and a presentation on TDL standards (3.2.3) (see Appendix 2).

2.
REQUIREMENTS FOR GRIB EDITION 2 - NEW TYPES OF DATA TO BE EXCHANGED
2.1
WMO needs

2.1.1 - Generalities
An overview of the general requirements for exchange of gridded fields within the Global Data Processing System (GDPS) of the World Weather Watch was presented.  It was stressed that the new GRIB standard format should enable the full satisfaction of these requirements and their possible future evolution.  The Meeting was invited to take into account for the design of a new WMO GRIB standard format, the fact that it should be compatible with the basic operational World Weather Watch Functions.

Facts
2.1.1.1
The real time exchange of gridded field data was a requirement for the meteorological services of the world.  A great deal of the real time exchanges were performed on the GTS.  The GTS supported the transmission of bulletins through Message Switching Systems which had to follow a standard bulletin format:  Bulletin Header plus agreed WMO standard Code Form.

2.1.1.2
The FM 92 GRIB Code Form was the presently available standard offering the requested facilities and allowing some compression of the data.  About 80% of the countries had or were nearly ready to access GRIB products through GTS, or through satellite dissemination systems supporting binary data transmission.

2.1.1.3
The software used by meteorological services for processing the data was expecting the information in FM 92 GRIB format.  The interface with the GTS expected WMO Bulletin Type Messages with FM 92 GRIB data inside.  The GTS and all the present satellite dissemination systems used the WMO Bulletin structure for the transmitted data (MDD, SADIS, ISCS, RETIM, FAX-E).

2.1.1.4
Archived fields were also stored in GRIB format by at least seven of the main advanced GDPS Centres running Global Models.  The compression feature was surely a factor for choosing this format for archives.

Users
2.1.1.5
The users of GDPS products, i.e. GRIB fields, were 80 % of the 184 NMCs, and also the users of WAFS products in GRIB Edition 1 format (hundreds or Airways Companies, Civil Aviation Authorities and Military Aviation Users) for real time use, to which hundreds of Universities and Research Institutions needed to be added for non-real time use.  All NMCs processed real time GTS GRIB data within  WMO GTS Bulletin format, as well as WAFS products users.  Some GDPS Centres and various users processed GRIB fields embedded in files of various format for delayed mode applications.

Unsatisfied requirements
2.1.1.6
The advent of new techniques like Ensemble Prediction System (EPS) and Long-range forecasting: seasonal and multi-seasonal outlooks, as well as climate predictions had generated new type and new set of products to be exchanged in real-time or from archived data sets.  The multiplication of data bases and distributed data base systems requiring remote accesses, through special telecommunications lines or the INTERNET, had generated new requirements and a multiplication as well as a diversification of the users.  In the future, the GTS was likely to include some file-transfer protocol, opening prospects for distributed data bases accesses and higher volumes of data to be exchanged.

2.1.1.7
The present FM 92 GRIB Edition 1 format had certain limitations which hindered the  satisfaction of most of the new requirements emerging from the GDPS (see 3.1).

Constraints for a new WMO standard format for GDPS products
2.1.1.8
There was clearly a need for a new format for the exchange of gridded fields within the meteorological community.   This new format had to be compatible with the real time transmissions performed through the GTS, the special dedicated telecommunication links and the satellite dissemination systems, as well as satisfying the increasing delayed mode (or near real-time) accesses to INTERNET FTP servers  and delayed mode retrieval from archive data banks for shipment on various portable computer media: magnetic tapes, floppy disk and CD-ROMs.

2.1.1.9
It seemed certain the WMO Bulletin Format would be used on the GTS for many years ahead, while in the mean time File Transfer Protocols would be installed between some GTS hubs.   

2.1.1.10.
WMO should also have a standard offering the facility for representing satellite imagery.

Weather Forecasting Needs
2.1.2.

The Meeting agreed that there was an existing need to distinguish between different sets of data which, in GRIB Edition 1, all had identical Section 1 and Section 2.  For example, ECMWF did a 0000 UTC analysis at 0300 UTC to run a 3 day forecast.  At 1530 UTC the 0000 UTC analysis was rerun for the deterministic 10 day forecast. These could only be distinguished from each other by making use of the local part of Section 1. 

2.1.2.1
The standard WMO defined part of Section 1 could not be used to distinguish between 2.5x2.5 latitude/longitude forecast products from the ECMWF deterministic atmospheric model (T213), the Ensemble Prediction System (EPS) control forecast (T159) or any of the 50 perturbed forecasts of the EPS, as they all used the same model and had the same Generating Process identification number. Additional information was needed about the control forecast, positive and negative perturbed forecasts, total number of perturbed forecasts, cluster numbers, clustering method, time and area of clustering, which perturbed forecasts were in which clusters, and which clusters the control and deterministic forecasts were in. 

2.1.2.2
There was also a requirement for forecast probability products and seasonal forecast products to be coded in GRIB.

2.1.2.3
Where products were not at the original model resolution, there was a need to include information on model resolution.

2.1.2.4
In the analysis of surface temperature, the date/time and resolution of the input temperature and ice fields needed to be retained.  This was necessary in order to enable exact reproduction of the fields, if needed. 

2.1.2.5
There was a need to include more than 1 parameter in a GRIB message, e.g. wind speed and direction.

2.1.2.6
There was a need to represent vertical cross‑sections and there should be support for graphical data.

2.1.2.7
There was a need to represent logical and character data. 

2.1.2.8
The representative from NCEP (USA) stressed also the need for representing multi-dimensional fields and multi-field messages.  More efficient packing schemes were also required.  A way to indicate small numbers of missing values was necessary.

Climate Prediction needs
2.1.3

In encoding Climate Prediction data in WMO FM 92 GRIB Edition 1, a number of difficulties were encountered, i.e. entries in parameter table 2 were insufficient.  One octet was not enough for periods of time  P1 and P2, and there was no means of indicating that data were climate simulation.  The same difficulties arose with P1 and P2 for any other long integrations.  The Meeting agreed that these requirements ought to be covered by GRIB Edition 2.  Another need was a facility to code Hovmöller type diagrams which were often used by the climate research community.

Research Needs
2.1.4

Research experiments did produce data with the same Section 1 as operational data, so there was a need to distinguish between them.  There was also the need to distinguish between different experiments.  In operations it might be sufficient to label data as 'analysis', but in research mode data with the same Section 1 might need to be identified as 'Optimal interpolation analysis', '3D Var analysis' or '4D Var analysis'.

2.1.4.1
There was also a requirement to cater for trajectory and sensitivity forecasts as well as singular vectors and ensemble perturbations. 

2.1.4.2
Ensemble forecasts were now being run by perturbing analyses from other centres so there was a need to describe the analysis on which the forecasts were run.  It could no longer be assumed that a centre's forecasts were based on its own analysis.  There was a need for GRIB to accommodate multi‑analysis, multi‑model ensemble forecasts.

2.1.4.3
With higher vertical extension models the current definition for pressure levels was inadequate and an entry like '210 ‑ Isobaric surface (high precision)  Pressure in Pa (2 octets)' was needed in Table 3.

2.1.4.4
Ensemble wave forecasts (using a coupled atmospheric/wave model) were being experimented with.  There would probably be a need to identify both models. 

2.2
Other communities needs
2.2.1
The Meeting agreed that there was a need for the packing of a matrix of values at each grid point produced by wave models.  With the current resolution of the global wave model these 2D spectra fields had become too long to be accommodated in a single GRIB field (24 bits was too small to give length in octets).  Coupled atmospheric/wave models were used as well.

2.2.2
Ocean models, some coupled with the atmospheric model, depended entirely on the local part of Section 1 in order to produce their data in GRIB format.  The meeting recommended that Ocean modelers needed to be involved to make their requirements known.

2.2.3
As in BUFR, the Meeting recommended that the needs of related disciplines needed to be taken into account, especially as  coupled models were more and more developed.  

GTS constraint
2.2.4
The Meeting noted that the 15000 bytes limit for a GRIB message was unacceptable and incompatible with the new set of requirements for long GRIB messages and it recommended to the Telecommunication Systems Working Group of CBS to change this limit.  However, the chairman of the Telecommunication Working Group/Sub- group on Operational Matters stated to the Meeting that this limit would exist for a long time, and that it would be preferable to use the File Transfer connection for the long messages, TCP/IP being used between more and more telecommunication hubs.

Aviation user requirements
2.2.5
The representative from ICAO recalled that CBS XI in 1996 recommended that a new GRIB edition 2 be developed and implemented as a matter of urgency, and that at the same time it recommended  that GRIB Edition 1 be frozen, protected from any further changes.  Furthermore, the Commission noted that the world area forecast centres (WAFCs) would continue to produce WAFS products in GRIB edition 1 until they were no longer required by ICAO.  The solution agreed by the CBS-XI was fully acceptable to ICAO.  In view of the fairly recent implementation of GRIB edition 1 by aviation users, it was expected that the present version would continue to be required for a number of years.

2.2.6
The Meeting remarked that the freezing of GRIB edition 1 in its entirety was technically unnecessary because only the parameters related to WAFS products needed to be frozen and not the whole code form.  The ICAO representative stated that ICAO would not be opposed to table additions not affecting the WAFS broadcast.

YEAR 2000 PROBLEM
2.2.7
The year 2000 problem had been discussed through E-mail by the members of the Sub-group on Data representation and Codes.  The members expressed their own interests, considering the big archives containing GRIB data for more than 20 years and also all the software handling dates from the present GRIB format.  The main WMO GDPS Centres expressed strongly their wish to keep the present regulation to code the year in GRIB.  That is:

Octet 25 of section 1 in GRIB shall contain the century, which is still 20 during year 2000 and changes to 21 in year 2001.  Octet 13 of section 1 in GRIB shall contain the year of the century, which is 100 for year 2000 and 01 for year 2001.

2.2.8
Since many users of GRIB were found in the aviation community, ICAO and related bodies were consulted on the subject.  Different possible solutions were submitted to them.  The representative of ICAO indicated that the current system was seen as an acceptable solution.  Therefore, the Expert Meeting considered that the ICAO and related aviation bodies would agree to follow the existing definitions applied presently for the dissemination of WAFS GRIB Edition 1 products. 

Recommendation
2.2.9
The Expert Meeting recommended then that the Chairman of the CBS Working Group on Data Management, the President of CBS and the President of WMO approve urgently the following addition to the Manual on Codes, Volume I.1, Binary Codes:

In FM 92 GRIB, under Section 1 - Product definition section:

Add Note (6):
To specify year 2000, octet 13 of the section (Year of the century) shall contain a value equal to 100 and octet 25 of the section (Century of reference time data) shall contain a value equal to  20.  To specify year 2001, octet 13 of the section  shall contain a value equal to 1 and octet 25 of the section shall contain a value equal to 21 (by International Convention, the date of 1 January 2000 is the first day of the hundredth year of the Twentieth Century and the date of 1 January 2001 is the first day of the first year of the Twenty First Century); it is to be noted also that year 2000 is a leap year and that 29 February 2000 exists.

In FM 94 BUFR, under Section 1 - Identification section:

Add Note (3):
 To specify year 2000, octet 13 of the section (Year of the century) shall contain a value equal to 100.  To specify year 2001, octet 13 of the section shall contain a value equal to 1 (by International Convention, the date of 1 January 2000 is the first day of the hundredth year of the Twentieth Century and the date of 1 January 2001 is the first day of the first year of the Twenty First Century); it is to be noted also that year 2000 is a leap year and that 29 February 2000 exists.

Future
2.2.10
The Meeting recommended that in GRIB Edition 2 the year of the date be represented without ambiguity : i.e. by four digits.

2.3
Discussion of overall requirements
2.3.1
The Meeting engaged in a general discussion of these overall requirements with a view to establishing their relative importance and clarifying possible general approaches to meeting them.  After some discussion, a conceptual model was developed consisting of three aspects:

   (1)
Definition of a standard data representation form

   (2)
Definition of a standard application program interface for the data representation form

   (3)
Development of and support for application program interface software by a centralized unit or coordinated venture to access data in the data representation form and produce output in the application program interface and vice-versa.

2.3.2
The definition of a standard application program interface and development of and support for application program interface software by a centralized unit or coordinated venture in conjunction with the definition of a standard data representation form would represent a new paradigm for the WMO.  A minority of the experts felt the current paradigm of providing proprietary software developed by some WMO Members via bi-lateral agreements and the software exchange program was still sufficient.  However, the majority of the experts felt this new paradigm represented a valuable and perhaps even necessary step to ensure that standard data representation forms, developed and coordinated by the WMO, be used by the widest possible user community.  Furthermore, this could be of particular use to those users with very limited computer programming resources.  Based on this conceptual model, the Meeting developed a consolidated list of specific requirements, prioritized them, and indicated several steps to meeting them.

2.4
Priorities of the requirements
FUNCTIONALITY
PRIORITY
ACTION

 1 Support ensemble forecasts
0
Define: Structure/Attributes/



Parameters

 2 Support Long-range forecast

          /Climate prediction
0
Define parameters

 3 Develop expandable new Tables
1
Define components/review/revise

 4 Permit longer messages
1
Recommended to GTS

 5 Ensure full definition
2
Check if all attributes included

 6 Permit Boustrophodonic scanning
2
Make regulations

 7 Develop an alternative to bit maps
2
Define and make regulations

 8 Permit 1st & 2nd

       order difference packing
2
Make regulations

 9 Permit multi-dimensional fields
3
Define structure and make regulations

10 Permit multi-fields messages
3
Define structure and make regulations

11 Permit matrices at grid points
3
Define structure and make regulations

12 Represent satellite imagery
3
Define parameters

13 Permit cross-sections
4
Define structures and make regulations

14 Permit sub-setting
5
Define structure and make regulations

15 Permit Hovmöller type diagrams
5
Define structure and make regulations

3.
STRENGTHS AND WEAKNESSES OF EXISTING DATA REPRESENTATION FORMS (DRF)
3.1
WMO supported DRF: FM 92 GRIB Edition 1
3.1.1
The present FM 92 GRIB Edition 1 format had certain limitations which hindered the satisfaction of most of the new requirements.  For example:

  (
1 octet was too small for parameter number;

  (
1 octet was too small for time step;

  (
3 decimal places for latitude and longitude was insufficient for high resolution;

  (
2 dimensional wave spectra needed to be accommodated - ECMWF had their own definition which was also used for exchange of data with Member States;

  (
multi-dimensional data needed to be accommodated - e.g. wind speed and direction within a single GRIB;

  (
no provisions were made for variance data, co-variance data, etc.;

  (
sub-area definition was not sufficient for irregular GRIB data - e.g. ECMWF had developed sub-area representation of quasi-regular Gaussian grids;

  (
thickness (temperature) and thickness (temperature) anomalies could not be distinguished;

  (
an update sequence number was not provided (Note; an update sequence number is provided within BUFR);

  (
problems relating to time representation existed, and the concept of century of reference time had been found misleading;

  (
no provision for a character section;

  (
parameters on Arakawa grids were not fully supported;

  (
there was no convention for missing data;

  (
IEEE was not used for floating point values;

  (
there was no mechanism for the exchange of GRIB tables (Note: BUFR could be used provided appropriate BUFR table entries were to be developed);

  (
many users had needed to develop local extensions to GRIB to deal with their immediate needs;

  (
there were no facilities for representing other grids such as vertical cross sections, time/depth, etc.;

  (
support for graphical data was limited;

  (
facilities for representing new data and parameters were poor.

3.2
Features of other DRFs
3.2.1

The Meeting considered the other standards which were used in the research meteorological community, mainly NetCDF and HDF.  Dr Russ Rew from the University Corporation for Atmospheric Research (UCAR) and Dr Mike Folk from the National Centre for Supercomputer Applications (NCSA) presented respectively NetCDF and HDF to the Meeting.  Both standards were data management packages, providing a standard user interface, but rather general and applicable to any type of gridded data.  They had been developed on the basis of a user interface oriented approach with an Application Programming Interface (API), rather than a physical format oriented approach like  GRIB (see details in annex to paragraph 4.2).

3.2.1.1
NetCDF and HDF had domain-independent data models.  They supported many applications, but were not optimized for specific applications.  The physical format was hidden for the user, who was not concerned with it.  However, the user had no control over the Input/Output processing, which was independent of the applications and which could have the risk of being inefficient for example, in an operational meteorological environment.  Limited packing facilities were offered in these packages.  HDF had packing of n-bit data.  NetCDF supported 8-bit and 16-bit packed integers as well as characters, 32-bit integers, 32-bit floating point and 64-bit floating point.

3.2.1.2
HDF and NetCDF provided a general data management package optimized for general needs, portable on several different platforms, in which the development and maintenance cost could be shared between communities.  NetCDF was rather simple and lightweight software, whereas HDF was big and complicated, but provided better specific supports.

3.2.1.3
HDF could read NetCDF files, but NetCDF could not read HDF files.

NetCDF

3.2.1.4
NetCDF was maintained by UNIDATA.  NetCDF used a single very general data model, with a corresponding API.  Packing in 8-bit or 16-bit integers was possible, but other packing sizes were not yet possible.  FORTRAN 90 interface was not supported and C++ interface was not tested enough.  NetCDF was used notably by atmospheric researchers.

HDF

3.2.2

HDF was maintained by NCSA.  HDF supported many different data models and a complex mixture of APIs.  HDF had extra-code for compression, to support special access and storage needs.  HDF had been driven mainly by EOS during the last four years. 

Future
3.2.2.1
The current HDF version was version 4.  HDF 5 was being developed.  One goal was to have a common physical format and I/O layer with NetCDF.  It would be able to support NetCDF model.  It should be available during 1998.  NetCDF would also evolve to a new version during the next two years.

TDLPACK
3.2.3

TDLPACK was a free and opened government software and exchange format developed and used by the Techniques Development Laboratory (TDL) of the US NWS.  It was based on GRIB Edition 1 but contained several improvements that enhanced its storage efficiency.  Dr. Glahn, the TDL representative, noted that these features of TDLPACK might prove useful to include in GRIB Edition 2.

4.    TECHNICAL SOLUTIONS
Current GRIB 2 Proposal

4.1
The Second Session of the Sub-group on Data Representation and Codes recommended the development of the current GRIB Edition 2 Proposal and its experimentation.  CBS XI endorsed this proposal.   However, work has not progressed since that time.  The meeting felt that part of the reason was that the GRIB Edition 2 proposal was, in retrospect, a more significant change than was needed at this time.

Possibilities for merging NetCDF, HDF and GRIB
4.2
The meeting considered that the significant work already accomplished by the NetCDF and HDF communities on establishing useful application programme interface standards and developing sophisticated and well-supported application program interface software should be examined closely to decide whether or not they were applicable to the WMO community.  During the meeting, a small group of experts examined the possible use of NetCDF and  HDF; their conclusion are found in annex to this paragraph.  The Meeting noted that the NetCDF and HDF representatives were greatly encouraged by the interest of the meteorological experts.

4.3
Path to a Recommended Solution
4.3.1
The FM 92 GRIB form was a physical format definition only.  Centres were developing encoders/decoders independently, generating quite different users interfaces. With bilateral arrangements, some Centres were using the same software interface, providing the computer platforms were compatible, but this was not done along an international global agreement.  The definition of a standard user interface or even further the development of a unique Application Programming Interface (API) software by a centralized unit or coordinated venture could help the tasks of the users.  However, the Meeting recommended that as a first step, a new physical format for the next Edition of GRIB should be defined, in particular to be compatible with the real time GTS bulletins transmission, and then as a second step, the feasibility of the definition of standard API should be studied, and finally the development and use of a unique software package, if possible in cooperation wit other scientific communities already experienced in this kind of packages should be considered.

4.3.2
The Meeting recommended that the CBS of WMO write to the NetCDF and HDF authorities expressing interest in exploring closer collaboration and the potential of a standard software interface to gridded data in compact long-lived data formats.  It was also recommended that a ‘road map’ should be developed to indicate the likely milestones and timescales of a merge project with NetCDF, HDF and GRIB.  At least one pilot project should be undertaken to demonstrate a prototype system flexibly ingesting GRIB data with the proposed standard interface.

4.3.3
The Meeting also recommended that the Working Group on Data Management should find ways to influence and collaborate with the Geographic Information System (GIS) community who are currently attempting to establish global standard for the storage, transmission and manipulation of geographical data.  The WGDM should review the situation and consider in two years whether there is any need for WMO owned GIS standard.

Sketch of Regulations and Tables for the Next Step
4.4
Based on these perceptions, the consensus of the meeting was that a more modest GRIB Edition 2 Proposal needed to be developed that, nevertheless, addressed the requirements outlined previously under Item 2.4.   The experts drafted a first possible layout for the format of a new GRIB 2 which would need to be reviewed and refined before approval by further higher CBS bodies (see annex to this paragraph).

5.
DEVELOPMENT AND IMPLEMENTATION

5.1
Steps for development

5.1.1
The meeting agreed that the development of GRIB 2 should continue and be finalized.  However the original proposal should be adapted to the latest requirements and also simplified in structure to make the software development easier.  In the mean time it was recommended that the Sub-group on Data Representation consider standardization of API to GRIB 2 physical format and the user interface view of the data (See figure 1 below). 

5.1.2
In the mean time the meeting noted that NetCDF and HDF, who intended to realize some commonality could adopt GRIB 2 as the basic physical format.  The scientific community outside the WMO would then have an easy access to WMO GRIB data, while WMO users will have a tool providing easy and ready interface to the GRIB format, appropriate for file transfer.

5.2
Schedule and distribution of tasks
5.2.1
The GRIB 2 new proposal will be submitted for endorsement to the Session of the Sub-group on Data Representation and Codes in April 1998, then to the Working Group on Data Management in May 1998.  It would hopefully be approved by CBS Ext. 98 in October for experimental use.  CBS XII in 2000 would finalize the code for operational implementation in November 2001.

5.2.2
The Meeting suggested that the chairman of the SGDR&C coordinate the finalization of the GRIB 2 proposal (see distribution of tasks in annex to this paragraph).  ECMWF indicated its will to strongly support and participate fully in this endeavour.  The work should be completed for the next session of the Sub-Group of Data Representation and Codes in April 1998.

5.2.3
The NetCDF development could reach an experimental stage to be considered by CBS XII in 2000, and, if found suitable, be fully approved for operation by CBS EXT. in 2002, for implementation in 2003.

Development of software
5.3
It was recommended that ECMWF, UKMO and NCEP develop a prototype application (for example EPS products) to test the GRIB 2 format, aiming to complete some tests by January 1999.  Then ECMWF, UKMO and NCEP could share the development, if it was possible to split element of the API in independent, but properly interfacing modules.

6.
CLOSURE OF THE MEETING
The meeting was closed by the chairman at 13 p.m. on Friday 5 December 1998.
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APPENDIX 2


EXPERT MEETING ON DEVELOPMENT OF EDITION 2 OF WMO GRIB CODE

(Siver Spring, USA, 2-5 December 1997)


AGENDA
1.
ORGANIZATION OF THE MEETING

1.1
Opening of the meeting

1.2
Approval of the agenda

1.3
Working arrangements for the meeting

2.
REQUIREMENTS FOR GRIB EDITION 2

2.1
New types of data to be exchanged

2.1.1
WMO needs

2.1.1.1 Weather forecasting needs

2.1.1.2 Climate prediction needs

2.1.1.3 Research needs

2.2
Other communities needs (e.g. ICAO, IOC)

2.3
Discussion of overall requirements

2.4
Priorities in the requirements

3.
STRENGTHS AND WEAKNESSES OF EXISTING DATA REPRESENTATION FORMS (DRF)

3.1
WMO supported DRFs - GRIB 1 (side issue Year 2000 problem)

3.2
Features of other DRFs

3.2.1 CDF, NetCDF

3.2.2 HDF

3.2.3 TDLPACK

4.
TECHNICAL SOLUTION(S)

4.1
Current GRIB 2 Proposal

4.2
Possibilities for merging NetCDF, HDF and GRIB

4.3
Path to a Recommended Solution

4.4
Sketch of Regulations and Tables for the Next Step

5.
DEVELOPMENT AND IMPLEMENTATION

5.1
Steps for development

5.2
Schedule and distribution of tasks

5.3
Development of software

6.
CLOSURE OF THE MEETING


ANNEX TO PARAGRAPH 4.2
1.
The sub-group of experts on the longer term development of GRIB considered the use of external formats and software and in particular considered the issues for acceptance and management of any data format, applied to the development of GRIB and possible integration with NetCDF and HDF. (Networked Common Data Format and Hierarchical Data Format).

Background
2.
It was considered that the strengths of the WMO format was the tight scope, leading to well defined effective software and formats, and well defined data definitions, such as tables, held in language independent form.  Availability of software outside of the meteorological community for accessing data held in WMO formats was not as widespread as that supporting the general purpose scientific formats and there was no defined Application Programming Interface (API).

3.
NetCDF was developed by UNIDATA, a US government sponsored body, tasked with making geoscience data readily available to US universities.  Its remit was covering the whole of RA-IV.  NetCDF was considered to have a very good data model for array oriented data and widely available software with a clearly defined interface for data manipulation and interfacing to other software.  The Application Programming Interface was available in Fortran 77, C and PERL.  There was also a data description language, CDL, which users could use to describe and manipulate data.  There was a documented data format, but this was hidden from the user.  There was a widespread acceptance across other geosciences as well as meteorology.  As the system was very flexible, a number of usage conventions had arisen in various user communities to define the data more precisely.  There was a centralised support team with reasonably stable funding and the software was freely available. The current software only supported a limited number of data resolutions (8-, 16- and 32-bit integers, and 32- and 64-bit  floating point), making it less suitable for archival purposes, or transmission over restricted bandwidths.  There were plans to support packed numbers, similar to those used in GRIB, to address this issue in the next version.  Other current work was the development of a Java interface, to remove the limit of 2GB maximum file size and to support the next HDF data format.  The next version was planned for full availability in 1999.  A Fortran 90 interface was a possibility but was not currently planned.

4.
HDF was developed by the US National Centre for Supercomputing Applications.  HDF was defined in terms of a physical data format, and was therefore appropriate for archival purposes, though there were a number of separate software interfaces also.  The HDF software library also included a version of NetCDF (Version 2.4).  The software and data format also had widespread acceptance across science and was freely available.  There was a central support team but funding was dependent on a small number of funding agencies for specific projects and there was some emphasis on leading edge technology.  The data model was more complex than that of NetCDF.  The current software was Version 4.  Current work included improving the maintenance documentation and implementing on Massively Parallel Processors and implementing multithreading for high performance.  A possible future development would be a Fortran 90 interface for Version 5 to be available in 1998.  NASA used the ODL data description language in conjunction with HDF.

5.
Both packages were developing their next version, and considering future developments.  Both were considering tighter integration with the other system, building on their respective strengths.

6.
Previous expert groups had considered other software and data format packages from the scientific community, and NetCDF and HDF were the most widespread and advanced.  NASA had surveyed 15 different data formats and software packages and had selected HDF for archival purposes.

7.
Discussion:

7.1 The scope is clearly defined, (alternatively, the user requirements are well established).  For GRIB it is to exchange and archive gridded data in automated centres and meteorological offices and to broadcast to other users.  This gives rise to tightly coupled efficient software, but perhaps loses flexibility or wider applicability. The trade off is between more widely available and supported software, with shared costs versus more highly optimised software at higher cost.  However, wider scope was more likely to give rise to conflicting requirements.

It was considered that the next version of GRIB should not encompass geographical data types, as used by Geographical Information Systems, though the need for the interchange of this data would increase in the future. The situation should be reviewed in two years. 

7.2 It is appropriate for global use.  This means that there is not too much language and cultural dependence.  NetCDF was considering support for Unicode in the future.  This would allow annotations and text in any of the world’s languages.  There was also increasing support in industry for Unicode. NetCDF also has been registered with the Internet community as a MIME data type, meaning that it would be recognised automatically by email systems.

7.3 Unambiguous and complete documents should be readily available at little or no cost.  However, this is not sufficient, as local expertise is also needed for self reliance and rapid maintenance, and training courses should also be available.  HDF are developing better maintenance documentation.  As NetCDF supported different programming languages and platforms, a document management system had been established to allow different versions of the documentation to be generated.  This was felt to be a good model to support doccmentation translated into in different languages.

7.4 The documentation is in the public domain.  This is true for both NetCDF and HDF, though both are still copyrighted to their owners.  It is possible that some components developed under contract may be the property of the contractors.

7.5 It is vendor neutral.  Both NetCDF and HDF are.

7.6 It is reasonably technology independent (e.g. data formats should be valid on a 3 1/2" floppy disk, CD-ROM or in communications system).  Both are available on a variety of platforms, though not Windows NT.  This is likely to change, and not be an issue for users’ workstations because of the developments in Java.  The major concern is continuing availability on old platforms.  HDF is to some extent driven by advanced technology (e.g. NASA and US national laboratories) whereas the bulk of NetCDF users were using more widely available technology.

7.7 It is stable and long-lived.  Historically, for both systems, major releases occurred approximately after 5 years, with minor ones after 2 years, and the life-time has been at least 10 years.  The data format was considered more stable than the software, and was likely to exist for much longer.  NetCDF had had 3 releases of software, but still had the same underlying data format.  Their policy was to support only two versions of their software at any one time, though perhaps with a third version under development. It was agreed that a sensible policy when formats changed was that after an appropriate time when both old and new formats could be read and written, software could be modified to stop the writing of old formats, but still allowing the reading.

7.8 There is a formal development and control structure.  The development of NetCDF is controlled by a policy committee which meets three times per year and appoints people to the technical and user committees.  The technical committee generally corresponded by email.  The committee recently agreed to extend representation on the user group to universities throughout RA-IV.

The scientific community at large, and the trend to more inter-disciplinary collaboration are also important, powerful and informal influences.

7.9 WMO can readily participate in and influence the design and development.  At present this is only possible through individual users expressing interest and partaking of discussions on the Internet based user groups HDF has plans to establish a controlling consortium, to reduce reliance on specific projects controlling development.  The group recommended that the WMO CBS write to the organisations of both NetCDF and HDF, expressing the strong interest shown by parts of the meteorological community in exploring closer co-operation and the longer term possibility of WMO endorsing the use of the formats, software and interfaces in conjunction with WMO formats and tables.

(To Larry Smart at NCSA for HDF and David W. Fulker, Director, Unidata for NetCDF).

7.10 There is a validation procedure for the format to ensure correct inter-working.  It was agreed that the CBS approved procedure of a demonstration of at least two implementations interoperating successfully was still appropriate even in the case of software interfaces. 

7.11 There is a realistic formal conformance procedure for endorsing implementations.  NetCDF is supplied with its own test suite to ensure correct implementation on a new computer system. HDF have just appointed a Quality Assurance person to develop similar activities.

7.12 Software is readily available at reasonable cost or is freely available.  The format can be used freely (no royalties or licence fee).  Change of these latter two points were considered the greatest risk in the longer term, with a potentially large impact.  If funding for central support declined, there may be pressure to be more commercial. It was considered that this risk should be addressed by being involved in the development of the formats to ensure their long term availability. 

7.14 Support is readily available at reasonable cost.  NetCDF currently handles several hundred enquiries per year and no charge to the enquirer, and could probably cope with a specific support contract for a National Met Service.  HDF would welcome formal support arrangements.

Summary

8.
It was considered that all three, GRIB, NetCDF and HDF were in many ways complementary and that WMO should consider developing usage conventions to use with NetCDF.  The standardisation of a programming interface was novel for WMO but could have significant benefits in reducing software development and maintenance costs across the meteorological community as they develop visualisation workstations.  This would be over and above that achievable by using the table driven data formats.  This approach was also appropriate to fit in with the current trends in software development.

9.
The benefits to WMO could be reduced software development costs, access to a wider range of data across scientific disciplines, increased interoperability and flexibility and increased productivity of scientists who would be less involved in detailed data manipulations.


ANNEX TO PARAGRAPH 4.4


NEW PROPOSAL FOR GRIB 2
The Experts agreed that:

1)
A longer Indicator Section than in GRIB 1, was required to increase the number of octets available for the total length of GRIB message in order to accommodate much longer GRIB messages.  It was felt that a pointer to the next section was unnecessary.

2)
The Product Definition section be split into two sections:

-
A Product Summary to give a general product description applicable to all data types.  Some extra fields were added to provide unique identification of products.  Individual products to be detailed in separate, individually numbered, product definition sections.  It would be a compulsory section.

-
The Product Definition Section would be different for different products, allowing better definition and the flexibility to add new ones easily.  This would include a specific Map/Grid Template for each different form of data.

3)
There should be a new Data Definition Section to include Units Decimal Scale Factor, Bit-maps and information currently at the start of the Data Section.  This needed to be developed further.  Different Data Definition would be necessary.

4)
Data Section should contain data only.

5)
Sections be repeated as necessary for multiple fields.

6)
Provision should be made for a Local Use Section.

7)
All Sections (except Local Use Section) be compulsory.

NEW FM 92 GRIB 2:

-
INDICATOR SECTION

-
PRODUCT SUMMARY SECTION

-
PRODUCT DEFINITION SECTION



]

(Including MAP/GRID TEMPLATE)



]

]
ITERATED
-
DATA DEFINITION SECTION
]



]

]
ITERATED

]

-
DATA SECTION

]



]

-
LOCAL USE SECTION

-
END SECTION


INDICATOR SECTION
OCTET
CONTENTS

1-4

“GRIB”

5-7

RESERVED

 8

GRIB EDITION NUMBER

9-16

LENGTH OF GRIB MESSAGE IN OCTETS

PRODUCT SUMMARY SECTION
OCTET
CONTENTS

1-3

LENGTH OF SECTION

4-6

ORIGINATING CENTRE

6-7

ORIGINATING SUB-CENTRE

8-9

YEAR (YYYY)

10

MONTH

11

DAY

12

HOUR

13

MINUTE

14

SECOND

15-16

TYPE (1)
17-18

CLASS (2)
19-20

CATEGORY(3)
21-22

PRODUCT DEFINITION SECTION NUMBER

23

TYPE OF ITERATIONS

24-25

NUMBER OF ITERATIONS

26-50

RESERVED FOR LOCAL USE

51-64

RESERVED

(1)
ANALYSIS

FORECAST

CONTROL FORECAST

PERTURBED FORECAST

-

-

-

(2)
OPERATIONAL

OPERATIONAL TEST

RESEARCH

REANALYSIS 15

REANALYSIS 30

-

-

-

(3)
WAVE

OCEAN

-

-

-

PRODUCT DEFINITION SECTION NUMBER 1 (Analysis or Forecasts, horizontal level)

-
LENGTH OF SECTION

-
PRODUCT DEFINITION SECTION NUMBER (Code Table 6)

-
MASTER TABLE NUMBER

-
INTERNATIONAL TABLE VERSION NUMBER
]

-
LOCAL TABLE VERSION NUMBER

] 0= NOT USED
-
ANALYSIS GENERATING PROCESS IDENTIFIER

-
FORECAST GENERATING PROCESS IDENTIFIER

-
HH OF DATA CUTOFF (TIME LENGTH: HHMM AFTER REFERENCE TIME)

-
MM OF DATA CUTOFF

-
PARAMETER CLASS

-
PARAMETER NUMBER

-
MAP/GRID TEMPLATE INFORMATION (TO BE DEFINED)

-
INDICATOR OF TYPE OF LEVEL



]

-
HEIGHT, PRESSURE, ETC... OF LEVEL (4 OCTETS)

]
IN DATA
-
UNITS OF HEIGHT, PRESSURE, ETC...


]   DESCRIPTION
-
INDICATOR OF UNIT OF TIME RANGE


]
SECTION
-
FORECAST TIME STEP (ANALYSIS = 0) (4 OCTETS)
]

PRODUCT DEFINITION SECTION NUMBER 2 (Analysis or Forecasts, horizontal layer)

-
LENGTH OF SECTION

-
PRODUCT DEFINITION SECTION NUMBER (Code Table 6)

-
MASTER TABLE NUMBER

-
INTERNATIONAL TABLE VERSION NUMBER
]

-
LOCAL TABLE VERSION NUMBER

] 0= NOT USED
-
ANALYSIS GENERATING PROCESS IDENTIFIER

-
FORECAST GENERATING PROCESS IDENTIFIER

-
HH OF DATA CUTOFF (TIME LENGTH: HHMM AFTER REFERENCE TIME)

-
MM OF DATA CUTOFF

-
PARAMETER CLASS

-
PARAMETER NUMBER

-
MAP/GRID TEMPLATE INFORMATION (TO BE DEFINED)

-
INDICATOR OF TYPE OF LEVEL (1st)


]

-
HEIGHT, PRESSURE, ETC... OF LEVEL (2 OCTETS)

]

-
UNITS OF HEIGHT, PRESSURE, ETC...


]
IN DATA
-
INDICATOR OF TYPE OF LEVEL (2nd)


]   DESCRIPTION
-
HEIGHT, PRESSURE, ETC... OF LEVEL (2 OCTETS)

]
SECTION
-
UNITS OF HEIGHT, PRESSURE, ETC...


] 

--
INDICATOR OF UNIT OF TIME RANGE


]

-
FORECAST TIME STEP (ANALYSIS = 0) (4 OCTETS)
]

PRODUCT DEFINITION SECTION NUMBER 3 (Ensemble Forecasts, control and perturbed, horizontal layer)

-
LENGTH OF SECTION

-
PRODUCT DEFINITION SECTION NUMBER (Code Table 6)

-
MASTER TABLE NUMBER

-
INTERNATIONAL TABLE VERSION NUMBER
]

-
LOCAL TABLE VERSION NUMBER

] 0= NOT USED
-
ANALYSIS GENERATING PROCESS IDENTIFIER

-
FORECAST GENERATING PROCESS IDENTIFIER

-
HH OF DATA CUTOFF (TIME LENGTH: HHMM AFTER REFERENCE TIME)

-
MM OF DATA CUTOFF

-
PARAMETER CLASS

-
PARAMETER NUMBER

-
MAP/GRID TEMPLATE INFORMATION (TO BE DEFINED)

-
INDICATOR OF TYPE OF LEVEL



]

-
HEIGHT, PRESSURE, ETC... OF LEVEL (4 OCTETS)

]
IN DATA
-
UNITS OF HEIGHT, PRESSURE, ETC...


]   DESCRIPTION
-
INDICATOR OF UNIT OF TIME RANGE


]
SECTION
-
FORECAST TIME STEP (ANALYSIS = 0) (4 OCTETS)
]

-
FORECAST NUMBER (0=CONTROL, ODD NUMBERS
]

ARE NEGATIVE PERTURBATIONS, EVEN NUMBERS

]

ARE POSITIVE PERTURBATIONS)



]


ANNEX TO PARAGRAPH 5.3

WORK ON PRODUCT DEFINITION AND DATA DEFINITION
-
ECMWF/NCEP (US)/UKMO:

ensemble forecast package

-
AFWA (US):



climate template

-
FNMOC (US):



oceanographic layer/levels

-
ECMWF:



matrices

-
TDL group (US NWS):

geostationary satellite imagery, radar

-
UKMO/NCEP(US)/AFWA (US): 
boundary conditions, cross-sections

-
FNMOC/AFWA (US):


sub-setting

-
NCEP (US)/ECMWF:


Hovmöller type diagrams

-
Chairman SGDR&C/JMA:

GRIB 2 Regulations

-
UKMO also to work on Development Model.
�








