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REPORT OF MEETING OF EXPERT TEAM ON EVOLUTION OF DATA FORMATS

(Monterey, 4-9 October 1999)

1.
ORGANIZATION OF THE MEETING
1.1
Opening of the Meeting
1.1.1
The Meeting of the Expert Team on Evolution of Data Formats (ET/EDF) took place at the Fleet Numerical Meteorology and Oceanography Centre (FNMOC) in Monterey, California, USA from 4 to 9 October 1999 (the participants’ list can be found in Annex to this paragraph).  The Meeting was opened on Monday 4 October at 9 a.m. by Dr Paul Moersdorf, Chief Scientist of FNMOC.  Dr Moersdorf welcomed the participants and stressed the importance of Codes in the processing of meteorological information, in particular for the feeding of Numerical Models for all the forecasting and climate prediction applications.  He wished a good stay and a very useful and successful working week for all the participants.

1.1.2
The WMO Secretariat representative, Mr Joël Martellet, welcomed the participants and thanked FNMOC for hosting the Meeting and providing excellent assistance and facilities.  He recalled that the primary goal of this Expert Team was to further develop GRIB Edition 2 and finalize it for approval by CBS 2000 with a view to its implementation in November 2001.  The Team had also to propose a standard format for exchange of imagery and other satellite products and to further develop metadata standards.  It had to investigate how encoding/decoding software for BUFR/CREX and GRIB, could be developed, distributed and maintained so as to facilitate the wider use of these data representation codes.  In relation to this project, the Team would discuss results of the questionnaire on WMO Codes, and envisage a strategy to migrate progressively to WMO Table Driven Codes.  The Team would also study new regulations for Code Changes.  Finally, it would have to consider urgent additions to Code Tables for fast-track approval in view of their implementation on 3 May 2000.

1.1.3
Dr Cliff Dey, from USA, as chairman of the Expert Team, lead the Team with diplomacy and efficiency.

1.2
Approval of the agenda
The Team agreed to the content of the agenda as proposed (see Table of Contents in front).

2.
GRIB CODE

2.1
Further develop (and finalize) GRIB2 with a view to CBS final endorsement

2.1.1
 The WMO representative reviewed the history of the development of GRIB Edition 2 (GRIB 2) and recalled that a previous meeting for the development of GRIB 2 has laid out requirements, which needed to be repeated here.  If GRIB 2 is to enable the representation of new products available today, e.g., ensemble forecasts, it would need to provide easy facilities for expansion and additions.  GRIB 2 structure should therefore be more modular and object oriented than GRIB Edition 1 (GRIB 1).  In that way, future extensions will not upset support software.  Definition of parameters or attributes should be separated in functionality and dimension so that items related to time, purpose, production method, space, etc. are independent (orthogonal), which will make software maintenance easier when descriptions of new products or new parameters are required.  It was pointed out that GRIB 2 was initiated due to requirements for the representation of array-type data that GRIB Edition 1 was unable to meet.  The first proposal for a structure for GRIB Edition 2 was prepared in 1996 and approved by CBS XI.  However, that proposal was, in retrospect, too complicated and therefore little work was done on developing it.  Consequently, an Expert Meeting on the Development of Edition 2 of WMO GRIB Code was held in December 2-5, 1997 in Silver Spring, Md.

2.1.2
At this Meeting, a new general structure for GRIB2 was recommended, but few details were provided.  Subsequently, the chairmen of the Working Group on Data Management and the Subgroup on Data Representation and Codes collaborated to refine the structure of GRIB2 and prepare a complete set of draft GRIB2 regulations.  The WGDM recommended it for approval by CBS Ext. ‘98 for experimental use, and CBS Ext. ’98 approved the WGDM recommendation.  Some further work was done after CBS Ext. ’98 by experts of Japan and the United States in collaboration with a project of the United States NWS to develop GRIB2 encoding and decoding software.

2.1.3
The task of this Expert Team was to complete the specification of GRIB2 and organization a validation program with a view to submitting it to CBS XII for approval as an operational data representation form.  The Team began its work by reviewing the current version of the specifications of GRIB2 and making improvements as required.

2.1.4
The Team found the basic structure of the current evolution of GRIB2 to be sound.  However, the Team did agree that allowable repeated sequences should include the Local Use Section in addition to the already permitted Grid Definition, Product Definition, Data Representation Bit-map and Data Sections.   In addition, appropriate code tables were added to the basic templates in order to make them more general and reduce the number needed.

2.1.5
A number of templates were added to make the code form more complete.  All Grid Definition Templates currently permitted in GRIB 1 were added to GRIB2.  Product Definition Templates were added to permit encoding of ensemble, probability, and percentile forecasts, forecast errors fields, matrices, satellite image data, the analysis and forecast of accumulated and averaged parameters, and enhanced capability to describe fields involving multiple time periods.  Complete specification of the GRIB 1 simple and equivalent complex packing methods were added, as well as an efficient difference-packing scheme.  A recently developed wavelet packing approach, a lossy compression scheme that promises quite efficient packing of image data intended for subjective interpretation and visualization was discussed, but approval was delayed until more information on the scheme could be obtained.

2.1.6
Several simple modifications were made to enhance the efficiency of GRIB2 as well.  Although it remains the policy to encourage specification of the grid definition in each GRIB2 message, the Team acknowledged that some planned grid definitions promise to be quite extensive and would increase the size of archives of these data.  It was therefore decided to permit specification of the grid definition by use of a code table defined by the originating center.  Additional information was added to the Grid Definition and Data Representation Sections to remove the necessity of specifying the number of unused bits at the end of the Bit-map and Data Sections.  Re-use of a previously defined bit map was permitted to reduce overhead and consequently permit the same information to be carried in smaller GRIB2 messages.

2.1.7
Notes in grid definition templates regarding missing and negative values and the specification of latitude and longitude were found to be of fundamental importance rather than simply suggestions for good practice.  These were converted into regulations to give them more force.  The team also indicated the need for a document explaining in simple term the advantages, principles and main features of GRIB2 to introduce it to the WMO community.  Furthermore, a Guide was required and will have to be developed following the validation, test and operational implementation period, when the new code form will be more stabilized.

2.1.8
Finally the Team recognized that although the specification of GRIB2 is now rather complete, testing is needed to validate its readiness for use as an operational data representation form.  The representatives of the United States, France, and Japan generously agreed to carry out a set of tests in time for possible submission of GRIB 2 to CBS.  The meeting of the ICT/DRC, to be held in April, 2000, will assess the results of the validation tests and decide whether or not GRIB 2 is ready for submission to CBS XII for approval as an operational data representation form. The description of GRIB 2 approved by the Team is in the Annex to this paragraph.

2.2
Regulations for Wind Coding at the North and South Poles for GRIB 1 and GRIB 2
2.2.1
The Team noted there are no specific regulations for encoding vector components at the North and South Poles in GRIB 1.  This has led to a variety of different procedures being used by the NMCs for products exchanged over the GTS and has made processing these fields unnecessarily complicated for users of these products.  Since these procedures have been in use for many years, it was not felt that new regulations to rectify the situation should be added to GRIB1 at this time.  However, new regulations to standardize the encoding of vector components over the North and South Poles were added to GRIB2.  It was recommended that the Secretariat should inform ICAO regarding the situation in GRIB1.

3.
STANDARD DATA FORMAT FOR EXCHANGE OF IMAGERY AND OTHER SATELLITE PRODUCTS

3.1 The Team examined the applicability of BUFR and GRIB for the representation of high-resolution satellite products.  After considering the advantages and disadvantages of BUFR and GRIB 1, and taking into account the status of GRIB2, it was agreed that:

· GRIB 1 is not appropriate for the representation of high-resolution satellite products.  This was primarily due to the inability to represent multiple parameter values at each grid point.

· With the additions planned for GRIB2, the representation of high-resolution satellite products will be possible in that format.  All of the requirements will be met by using primary and secondary bit maps to allow for non-continuous area coverage and by using a matrix of values per grid point to allow for the complexity of satellite data.  Associated values, such as quality control data, could be appended to the data by using a previously defined bit map, and having repeated fields after the primary data values.  Furthermore, the expanded compression capability offered in GRIB2 provides efficient packing for satellite image data.

· BUFR can be and is being used for the representation of high-resolution satellite products.  The disadvantage of BUFR is that many messages are required for one product, in order not to impose large resource requirements on the decoding and encoding applications.  The constraint is already implicitly imposed by limiting the number of octets available for defining the number of subsets and the total message length.  The class 30 entries for representing pixel values needed to be updated to allow for the unambiguous representation of both saturated pixels and missing data, and might be simplified by the use of a significance qualifier for the type of pixel.  A proposal for this will be presented to the ICT/DR&C in April 2000.

3.2
In conclusion, either GRIB2 or BUFR could be used for the representation of high-resolution satellite products, and no new code form was required for this purpose.

4.
DEVELOPMENT OF FILE CONTENT DESCRIPTION METADATA STANDARDS

4.1
As part of plans for an enhanced GTS featuring TCP/IP protocols to permit file transfer capability, the Expert Team was tasked to develop standards for file content description metadata to accompany these files.  This metadata would be in a separate file but would be linked to the file being exchanged.  The standards should be easy to process and interpret, yet be robust enough to adapt to as yet unforeseen new requirements for file description.

4.2
The Team considered a proposal for such standard based on an extensive set of “information elements”.  Each information element would consist of a unique two-letter identification followed by an equal sign and element information.  Any subset of information elements could be assembled in any order by the center generating the file to be transferred.  New information elements could be easily added, making the proposed form robust enough to address future requirements.  It was indicated that repetition of the description for several data sets in the same file was possible.  The standard can be found in Annex to this paragraph.

4.3
The Team agreed that the standard was good and is capable of describing well all attributes of all possible data sets.  However, the Team discussed the purpose of that metadata description.  The main use would probably be to help the routing of files in the enhanced GTS by inserting this information in an attached descriptor file.  The standard was not found appropriate for catalogue description, since most data processing Centres had developed their own description system.  However, although a general standard to describe data sets within the Meteorological Community could be useful, it was felt that there was no reason to impose such a standard at this time.  It was recommended the matter be addressed to the Telecommunication Teams for further review, to ensure the proposed standard is capable of fulfilling their requirement.  The matter will have to be reviewed further by the ICT in April 2000.

4.4
The Team also noted that a “tagged-file” format was standard for commonly used Internet image formats such as GIF, JPEG, and PNG.  The “tagged-file” contains a section into which metadata such as that described in Paragraph 4.2 could be placed.  This feature would provide a simple way of incorporating such metadata into files containing data encoded in these formats.  That proposal was found interesting, but it was mentioned that these standards, although widely used to exchange information, were not appropriate for storing and archiving images which were far more efficiently stored by using direct video medium systems.  The standard TIFF should have been mentioned also for images standard.

5.
ADDITIONS TO BUFR AND CREX 

5.1
Modifications required for Automatic Stations observations
5.1.1
An Expert Meeting on Requirements and Representation of Data from Automatic Weather Stations in De Bilt, Netherlands (19-23 April 1999) studied the problems linked to the coding of automatic station observations and requirements for modifications or additions to WMO Codes.  The ET/EDF examined the conclusion of that Expert Meeting.

5.1.2
The ET/EDF found unfortunate the difference between the statement stressing that BUFR/CREX were totally suitable for the purpose of reporting automatic observations (offering flexibility and expandability to answer new requirements), and the statement saying that the global application of BUFR and CREX can probably not be done within the next decade so the current operationally used alpha-numeric codes must continue to be applied within the next decade.  The ET/EDF regretted the absence of a suggestion for a double dissemination in BUFR and SYNOP for a transition period.  The double dissemination in traditional codes as well as in BUFR (or CREX) can already be envisaged today, so the manufacturers could start developments right now.  The demand for transmission of additional parameters will only expand during the next ten years and beyond, and development of BUFR and CREX capability cannot wait for another ten years or more to begin.

5.1.3
The ET/EDF agreed to transmit the suggestion made last year for additions to BUFR and CREX for precipitation quantitative values (as found in Annex to this paragraph) to the CBS/ET on Requirements and Representation of Data from Automatic Weather Stations, with a view to their approval and further consideration by the ICT on DR&C, and then CBS.

5.1.4
However, the Team considered the addition proposed by the Expert Meeting, to the character codes SYNOP for reporting quantitative precipitation by addition of a Code Table transmitted in a group 9 of Section 3, was not satisfactory for international exchange beyond a region.  Although this proposal could be retained by a Regional Association, it was not acceptable for inclusion in the International Manual, and the Team stressed that if the transmission of such parameters was crucial, the use of BUFR (or if not possible CREX) was the only way to go.  The Team agreed that a training campaign was needed to explain all the advantages of table-driven Codes and develop the use of BUFR (and CREX).  The Team recommended the production of a simple publication expressing simply and clearly all the advantages of the table driven Codes.

5.2
Consideration of urgent tables additions to BUFR/CREX for fast-track (to be operational on May 2000)

5.2.1
Requests recorded by the Secretariat:

5.2.1.1
The Drifting Buoy Cooperation Panel had requested a set of additions to BUFR Tables.  The Team agreed to this proposal with the exception of the high accuracy height above station which could be solved by a data description operator for a change of scale of 1.  The proposal is found in Annex to this paragraph.

5.2.1.2
The Team agreed to the addition of two entries requested by IOC.  Japan requested the addition of one entry in the table giving the Method of current measurement, which the Team approved.  The two proposals are found in Annex to this paragraph.

5.2.1.3
The Team agreed that changes and additional entries be introduced for Satellite Numbers in Common Table C-5, as found in Annex to this paragraph.

5.2.1.4
The Team agreed to recommend the changes requested by the Tropical Cyclone Programme. to enable the coding of 10 characters storm names and the addition of RSMC Fiji zone in the South Pacific.

5.2.1.5
The Team found that the CREX regulation 95.3.3.1 had to be amended, for consistency on an editorial point of view, because data description operators could contain a negative sign (-yy) and not only 3 digits.  It was recommended to add: at the end of regulation 95.3.3.1:


95.3.3.1
After the CREX table descriptor and the CREX Table A descriptor,  Section 1 shall have one or more  data descriptor(s).  Data descriptors shall be preceded by a space character as separator.   Data descriptors shall occupy 6 characters.  Each descriptor shall have 3 parts: F(1 letter), xx(2 digits), yyy(3 digits or - sign followed by 2 digits for C02yyy data description operator for negative scales - see CREX TABLE C).

5.2.2
The Team considered additional table entries required to encode the data in BUFR of NASA's QuikScat ocean-viewing satellite which had been launched on 19 June 1999 and has a scatterometer radar instrument to be used in mapping winds over the ocean.  The additions were recommended with the remarks that further validations could be performed before the end of 1999.  The additions are listed in Annex to this paragraph.

5.3
Other additions

5.3.1
EUMETSAT requested table additions for EUMETSAT’s new radiance products and future METEOSAT Second Generation radiance products.  EUMETSAT currently generates radiance data from its Meteosat 5 and Meteosat 7 spacecraft.  The radiance data from METEOSAT 5 and 7 have been exchanged between EUMETSAT and ECMWF since January 1999 on the GTS, using the proposed new descriptors.  The Team agreed to recommend the proposed additions found in Annex to this paragraph.

5.3.2
At the request of EUMETSAT, the Team agreed to update slighly the definition of two entries in BUFR Code Table 0 02 023 (satellite derived wind computation method) to eliminate ambiguities.  The modifications proposed are defined in Annex to this paragraph.

5.3.3
For the interchange of Windprofiler and RASS (Radio-Acoustic Sounding System) data between member states, the European COST-76 Management Committee identified the need to define and agree on a standard BUFR format internationally.  The Team examined the new entries needed for encoding or decoding of windprofiler/RASS data.  Although the entries looked correct, the team recommended more validation be performed, at least between two Centres, before the Meeting of the ICT on DR&C in April.  The ICT might then recommend the additions for fast-track to be implemented in November 2000.

5.3.4
Radiological soundings in CREX had been exchanged for validation between the Czech Republic and Finland.  The Team approved the new entries required by the Czech Republic for that purpose.  They are found in Annex to this paragraph.  It was however found that it was premature to introduce a common sequence entry for these radilogical reports since that was not clearly requested in the document.

5.3.5
The Meeting of the Working Group on Data Management/Sub-group on Data Representation and Codes in Montreal in April 1998 made a proposal to correct the present BUFR descriptors for precipitation and depth of snow, which were in fact wrongly combining physical values and code values in the same descriptor.  This proposal was subsequently approved by the Working Group on Data Management and by CBS for implementation in May 2000.  The Team studied this proposal again and agreed that it would not solve the problem, and that further study was necessary to prepare an acceptable solution for submission to the ICT in April 2000 with a view to its endorsement by CBS.  Meanwhile it is proposed that through the fast track procedure these proposed changes approved by CBS be withdrawn and not implemented in May 2000.

6.
RESULTS OF QUESTIONNAIRE ON WMO CODES
6.1
The last Working Group on Data Management recommended that the Sub-Group on Data Representation and Codes (SGDR&C) distribute a questionnaire to ask each Member of WMO which codes they use, how they use them, and the operational and planned capabilities for automatic processing of these data.  The SGDR&C had also asked to develop and circulate as widely as possible a survey to identify the views of users and producers of data in regard to CREX, BUFR, and traditional Codes.

6.2
The questionnaire was sent to 185 Member Countries of WMO in September 1998.  The deadline for replies was 1 February 1999, but some answers arrived in May.  Fifty-seven countries answered.  The results of the questionnaire can be found in Annex to this paragraph.

6.3
The Team examined the results of the questionnaire and found that it was giving a very good snapshot of the situation of WMO Codes processing by the Members. It was noted that almost all the traditional alphanumeric codes were used and that there was no ground to propose the deprecation of obsolete codes, since almost all were used.  It was agreed that, although it seemed that only two main operating systems were used by the Members (UNIX and MS/DOS) to process WMO Code, it would be difficult to ensure portability of decoder/encoder between different machines with different versions or “dialects” of UNIX.

6.4
The Team stressed that the questionnaire showed how training on BUFR, CREX and GRIB 2 would be important for some countries.  Demonstration of use of BUFR with some display features was required to explain well all the advantages of the code.

7.
ENCODING AND DECODING SOFTWARE FOR BUFR, CREX, AND THE NEW EDITION OF GRIB

7.1
The Team emphasized the importance of providing and supporting encoding and decoding software to Members to assist them in using the new table-driven data representation forms GRIB, BUFR, and CREX.  In this regard, the Team felt provision of and support for “load-and-go” software for the WMO table-driven data representation forms was a critical component of any strategy to migrate to use of these forms by the WMO community.

7.2
It was also noted that some numerical centers already make available their software to encode and decode the WMO table-driven data representation forms at a nominal cost.  However, despite the recognition of the importance of this service, the Team agreed that those numerical centers do not have the resources to provide the level of support required, as they are not funded specifically for that purpose.

7.3
With this in mind, the Team agreed on an approach to provide and support the required software within the WMO community.  The Team fully agreed that, in principle, it was an excellent idea to have a "software -house " project to provide GRIB/BUFR/CREX encoders/decoders free to the WMO community.  However, for the time being, no Centre could undertake the project without appropriate resources.  It was estimated that the minimum requirement would be for two persons full time.

7.4
Different "dialects" and versions of operating systems and languages (for ex. UNIX and C) were seen as difficulties but not insurmountable ones.  The big problem was finding resources for the project and it was suggested that under somehow the auspices of WMO, such funding might be provided.

7.5
The team recognized that there were needs to be satisfied, and proposed CBS to consider the following project, which took into account the results of the questionnaire as described in chapter 6:

i) To decide on a standard output format for the decoded output and a standard interface to applications.

ii) To build portable software to decode BUFR, CREX and GRIB to the format mentioned above.  At a minimum, the software should compile and run on the most common dialects of UNIX (including LINUX) and MS/DOS-WINDOWS.  The language used should be widely available software on a wide variety of hardware, such as FORTRAN and C.

iii) To apply the same process for encoding data.

iv) The software will be developed under the responsibility and supervision of a major NWP Centre.

v) The software will be distributed to WMO Members, maintained and upgraded when required.  Queries will be answered.


vi) 
Some funding, built up under some WMO auspices, would provide the salary support for two persons needed to perform the task.

7.6
The Team recommended that WMO hire a consultant from one of the NWP advanced Centres to write the technical specifications of the project.  The Team wished to be informed of the project document.

8.
MIGRATION STRATEGY

8.1
The Team considered a possible migration strategy with a view to using the BUFR Code Form for observation data to meet all requirements of expansion and flexibility for the transmission of new parameters and data types, as proposed by the Secretariat.  The Team agreed that it could be a good scheme.  It was stressed however that double transmission in BUFR as well as in traditional alphanumeric Codes for the same data, could overburden the telecommunication MSS Centres and that it should be introduced very progressively.  In parallel, a new scheme of data flow within the GTS, organized around Regional Data Bank Centres as described in the proposal found in Annex to this paragraph, could be introduced.

8.2
Related to the promotion of BUFR, a discussion took place on the role of CREX.  The issue was the coupling of CREX and BUFR Tables.  The issue was whether or not descriptors should have the same name and number in the two codes.  The units in CREX are those in common use and the units in BUFR are SI.  One opinion was that coupling the two Codes, as they are now, would give somehow less flexibility in CREX, but would always make the shift to BUFR easy.  Disconnecting the Codes would make the CREX code even more user friendly, but may in the future make the switch to BUFR more painful.  There was no consensus on that issue.  The situation shall be reviewed further by the ICT.

8.3
The Team also recommended the ICT produce templates of traditional observation data in BUFR (i.e. SYNOP, SHIP, TEMP, PILOT, BUOY, etc..), develop single common sequences for these observations, and propose a good training programme with simple documentation explaining the advantage of the table driven codes (The Expert from Canada, Robert Mailhot volunteered to provide the template for automatic stations data in BUFR).
8.4 The Team proposed that further work be performed within CBS on a migration strategy:

(I)
Examine the observations data flows within the WWW, from the view of the end user, in an “application oriented manner”;

(II)
Develop and recommend a proposal for a new and more efficient data flow within the WWW, considering the creation of Regional Data Bank Centres (RDBCs) and submit the recommendation to CBS;

(III)
Define and recommend to CBS a migration strategy to optimize data acquisition and satisfy the requirements for new observed parameters.

8.5
It was suggested that a document based on the Annex to paragraph 8 expressing these ideas and new concepts be submitted to the Inter-programme Expert Team on Future WMO Information Systems (Melbourne, 1 - 5 November 1999), and to the Implementation Coordination Team on Information Exchange Management.  The Team recommended CBS create an Expert Team on Migration Strategy and Data Flows that would study and produce a sound new scheme for the World Weather Watch Data Flows.  The ET on Migration Strategy and Data Flows should comprise experts on telecommunication, data representation and data processing.

9.
PROCEDURES FOR AMENDMENT TO THE MANUAL ON CODES

9.1
The Team considered a simplified version of the Procedures for amendment to the Manual on Codes as described in Annex to this paragraph.  It was stated that the table numbers referred to in paragraph 2.1 should also contain GRIB 2 code tables.  It was agreed that those procedures, since a slightly more complicated version had already practically approved by CBS Ext. 98, be submitted again at CBS XII with a view to its endorsement, after further consideration by the meeting of ICT DR&C in April 2000.

10.
CLOSURE OF THE MEETING

10.1
The meeting was closed by Dr Cliff Dey, the chairman of the ET on EDF at 12.30 p.m. on Saturday 9 October 1999.
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EUMETSAT
Dr Simon ELLIOTT
EUMETSAT
Am Kavalleriesand 31
D-64295 DARMSTADT
GERMANY
Tel:
+49 6151 807 365
Fax:
+49 6151 807 304
Email:
elliott@eumetsat.de


USA-AFWA
Paul A. ZAMISKA

HQ AFWA/SCSV

106 Peacekeeper Dr. STE 2N3

OFFUTT AFB, NE 68113-4039

USA

Tel: +1 402 294 3947

Email:  GOTOBUTTON BM_1_ Paul.zamiska@afwa.af.mil


USA-AFWA
TSgt Daniel M. MCCORMICK

HQ AFWA/DNXM

106 Peacekeeper Dr. STE 2N3

OFFUTT AFB, NE 68113-4039

USA

Tel: +1 402 294 5558

Email: Daniel.McCormick GOTOBUTTON BM_2_ @afwa.af.mil


USA-AFWA
Walter "Doug" WILKERSON

HQ AFWA/XOOP (ACS)

106 Peacekeeper Dr. STE 2N3

OFFUTT AFB, NE 68113-4039

USA

Tel: +1 402 294 9774

Fax: +1 402 294 1637

Email: Walter.wilkerson GOTOBUTTON BM_3_ @afwa.af.mil


USA-FNMOC
Mr Czec PANEK

FLENMMETOCCEN

7 Grace Hopper Ave.

Monterey 

California  93943

 USA

Tel: +1 408 656 43 48

Fax: +1 408 656 44 89

Email:  GOTOBUTTON BM_4_ cpanek@fnoc.navy.mil


USA-FNMOC
Ms Darlene HARDENBURGER

FNMMOC

7 Grace Hopper Ave.

Monterey 

California  93943

 USA

Tel: +1 408 656 43 77

Fax: +1 408 656 44 89

Email:  GOTOBUTTON BM_5_ hardenbr@fnoc.navy.mil


USA-NWS
Dr Harry R. GLAHN

National Weather Service/NOAA

3125 East West Hwy

Silver Spring, MD 20910

USA

Tel: +1 301 713 17 68

Fax: +1 301 713 0003

Email:  GOTOBUTTON BM_6_ Hglahn@noaa.gov


WMO Secretariat
Mr Joël MARTELLET

Data Processing System

World Weather Watch

WMO

CP. no 2300

CH-1211 Geneva 2

Switzerland

Tel.: +41 22 730 83 13

Fax: +41 22 733 02 42

Internet: joel@www.wmo.ch

ANNEX TO PARAGRAPH 4.2

FILE CONTENT METADATA DESCRIPTION STANDARD

I. Basic Features

These proposed standards incorporate several basic features.  Each file content description consists of an integer indicating the total number of octets used by the  description, followed by a number of human readable information elements.  Each information element consists of an element identification made up of two capital letters followed by an equal sign and element information.  The centers originating files to be transferred are allowed to assemble the information elements in the file content description as they see fit.  Nevertheless, the resulting descriptions are still unambiguous, human readable, and easily convertible into directory locations and file names by the recipients.

II. 
Proposed Standards

A file content description section would be required at the beginning of every file exchanged over the enhanced GTS.  The first two octets of each file content description section contains the total number of octets (n) the section uses.  The following n-2 octets contains the file content description character string itself.

The file content description character string consists of a number of human-readable information elements.  The information elements are separated by a carriage return or line feed.  Each information element consists of a two character element ID followed by the equal sign and element information.  All characters in the file content description character string are from the CCITT IA5 character set.  Alphabetic or alphanumeric entries are used for the information elements whenever possible and the allowable character set is restricted to A-Z, a-z, 0-9, equal sign (=) and hyphen  (-).  Use of the hyphen is reserved for indicating that the information element is a spatial or temporal interval.

It is critical that the structure of each information element be internationally coordinated.  Although the total number of information elements needed cannot be known a. priori, an initial set can be formulated and additional ones added as required.  The following proposed description of some useful information elements  adheres to these basic principles.

server location

==>  SL=cccnnnsss

originating center

==>  OC=cccnnnsss

data owner

==>  OW=cccnnnsss

documents

==>  DO=dddd

tables


==>  TB=tttt

reference date

==>  RD=yyyymmdd

reference time

==>  RT=hhnnss

date


==>  DD=yyyymmdd

time


==>  DT=hhnnss

date period

==>  DP=yyyy1mm1dd1-yyyy2mm2dd2
time period

==>  TP=hh1nn1-hh2nn2
generating process

==>  GP=ppppp

area of data

==>  AR=aaaaaaaa

data format

==>  DF=ffff

data status

==>  ST=stat

model type

==>  MT=mmmmm

model run

==>  MR=rrr

cycle of run

==>  CY=hh

level of data
==>  LV=sddddd

layer of data
==>  LY=sddddd1-sddddd2
grid

==>  GR=gggggggg

parameter
==>  PA=pppppppp

data category
==>  DC=ccccc

data subcategory
==>  DS=sssss

file name layout
==>  FL=lllll

file cycle number
==>  CY=xxxxx

customer
==>  CU=uuuuu

sequence number
==>  SN=xxxx

These information elements are described in detail in Appendix A.  It should be noted that the above list of information elements is not exhaustive and more can be anticipated to be needed.  Furthermore, several tables in Appendix A are incomplete and others will need to be developed and maintained by the center responsible for creating the file.

III. 
Example

As an example of the application of these proposed standards, the United States National Centers for Environmental Prediction (NCEP) might choose to assemble the above information elements into the following generic file content description character string:

(originating center)

(reference date)

(reference time)

(generating process)

(data time period)

(area of data)

(data format)

(data discipline)

(data category)

(data subcategory)

Symbolically, this would appear as:

OC=cccnnnsss

RD=yyyymmdd

RT=hhnnss

GP=ppppp

TP=hh1nn1-hh2nn2
AR=aaaaaaaa

DF=ffff

DI=iiiii

DC=ccccc

DS=sssss

A file of radiosonde observations from fixed land sites for the period from 3 hours prior to 2 hours 59 minutes after a reference date/time of 1 October, 1999, 1200 UTC encoded in BUFR would then be accompanied by the following file content description character string when exchanged over the GTS:

OC=usa007003

RD=19991001

RT=120000

GP=obvns

TP=0300-0259

AR=allglobe

DF=bufr

DI=meteo

DC=vsndn

DS=raobf

Note that other centers would be free to organize their file content description character strings for the same observational data with a different combination of information elements or with the same information elements but in a different order.

Appendix A:

Description of Information Elements

server location 
==> SL=cccnnnsss

where

SL

==> Indicator for information element “server location”

ccc

==> country

nnn

==> center

sss

==> subcenter

customer

==> CU=ttttt

where

CU

==> Indicator for directory level “customer”

ttttt

==> two to five alphanumeric characters

data owner

==> OW=cccnnnsss


where


OW

==> Indicator for information element “data owner”


ccc

==> country


nnn

==> center


sss

==> subcenter


documents

==> DO=dddd

where

DO

==> Indicator for information element “documents”

dddd = tcom
==> telecommunications documents

dddd = code
==> data representation (code) form documents

dddd = prod
==> production documents

dddd = drft
==> draft documents

tables


==> TB=tttt

where

TB

==> Indicator for information element “tables”

tttt = stns
==> observing station information

tttt = bufr
==> BUFR tables

tttt = crex
==> CREX tables

 
tttt = grib
==> GRIB tables

reference date
==> RD=yyyymmdd

where

RD

==> Indicator for information element “reference date”

yyyy

==> 4-digit Year

mm

==> month

dd

==> day

reference time
==> RT=hhnnss

where

RT

==> Indicator for information element “reference time”

hh

==> hour

nn

==> minute

ss

==> second

date


==> DD=yyyymmdd

where

DD

==> Indicator for information element “date”

yyyy

==> 4-digit Year

mm

==> month

dd

==> day

time


==> DT=hhnnss

where

DT

==> Indicator for information element “time”

hh

==> hour

nn

==> minute

ss

==> second

date period
==> DP=yyyy1mm1dd1-yyyy2mm2dd2
where

DP

==> Indicator for information element “date period”


yy1

==> number of years (00-99) before reference date/time date




 period begins

mm1

==> number of months (00-12) before reference date/time date




 period begins

dd1

==> number of days (00-31) before reference date/time date period begins

yy2

==> number of years (00-99) after reference date/time date period ends

mm2

==> number of months (00-12)after reference date/time date period ends

dd2

==> number of days (00-31)after reference date/time date period ends

time period
==> TP=hh1nn1-hh2nn2
where

TP

==> Indicator for information element “time period”

hh1

==> number of hours (00-99) before reference date/time time period begins

nn1

==> number of minutes (00-99) before reference date/time time period





 begins

hh2

==> number of hours (00-99) after reference date/time time period ends

nn2

==> number of minutes (00-99) after reference date/time time period ends

generating process 
==> GP=ppppp

where

GP
==> Indicator for information element “generating process”

ppppp = obsvns 
==> observations

ppppp = agrids 
==> analysis grids

ppppp = agrphs 
==> analysis graphics

ppppp = fgrids 
==> forecast grids

ppppp = fgrphs 
==> forecast graphics

ppppp = warngs 
==> warnings

ppppp = discs
==> discussions

area of data

==> AR=aaaaaaaa

where

AR

==> Indicator for information element “area of data”

aaaaaaaa
==> is a string of eight characters.  International coordination

 

of a group of frequently-used areas would be useful.

data format      
==> DF=ff 

where

DF

==> Indicator for information element “data format”

ff = an
==> WMO character

ff = bl

==> bulletins of raw observations as exchanged on the GTS

ff = bu
==> WMO BUFR

ff = cr

==> WMO CREX

ff = c5

==> CCITT International Alphabet #5

ff = f1

==> CCITT T4-1D facsimile

ff = f2

==> CCITT T4-2D facsimile

ff = gi

==> GIF

ff = gr

==> WMO GRIB (binary)

ff = gt

==> mixed information as exchanged on the GTS

ff = jp

==> JPEG

type of model
==>  MT=mmmmm

where

MT

==> Indicator for information element “type of model”

Mmmmm
==> is a string of five characters indicating the type of model

 


used (table maintained by originating center)

run of model

==> MR=rrr 

where

MR

==> Indicator for information element “run of model”

Rrr
==> is a string of three characters indicating the model run

table maintained by originating center)

cycle of run

==> CY=hh

where

CY

==> Indicator for information element “cycle of run”

hh

==> cycle time in hours

level of data

==> LV=sddddd

where

LV

==> Indicator for information element “level of data”

s = p

==> pressure

s = h

==> height

s = t

==> potential temperature

s = s

==> sigma

ddddd

==> value of surface.  Multiple levels are indicated by setting  ddddd = 99999.

layer of data

==> LY=s1ddddd1-s2ddddd2
where

{LY|ly}
==> Indicator for information element “level of data”

{s1|s2} = p
==> pressure

{s1|s2} = h
==> height

{s1|s2} = t
==> potential temperature

{s1|s2} = s
==> sigma

ddddd1
==> value of lower surface of layer of type s1.

ddddd2
==> value of upper surface of layer of type s2.

(multiple layers are indicated by setting ddddd1 = ddddd2 = 99999)

grid


==> GR=gggggggg 

where

GR

==> Indicator for information element “grid”

gggggggg
==> is a string of eight characters indicating the grid used

 

(table maintained by originating center).   Multiple grids are indicated by setting gggggggg = allgrids.  International coordination of a group of frequently-used grids would be useful.

parameter

==> PA=pppppppp

where

PA

==> Indicator for information element “parameter”

pppppppp
==> is a string of eight characters indicating the parameter

 

(table maintained by originating center).  Multiple parameters are indicated by setting pppppppp = allparms.    International coordination of a group of frequently-used parameters would be useful.

data category
==> DC=ccccc

where

DC
==> Indicator for information element “data category”

ccccc = sflnd
==> Surface data - land

ccccc = sfmar
==> Surface data - sea

ccccc = vsndn
==> Vertical sounding - other than satellite

ccccc = vsnds
==> Vertical sounding - satellite

ccccc = sluan
==> Single level upper-air data - other than satellite

ccccc = sluas
==> Single-level upper-air data - satellite

ccccc = sfsat
==> Surface data - satellite

ccccc = altyp
==> More than one data category present; DS is not used in this case

data subcategory

==> DS=sssss

where

DS

==> Indicator for information element “data subcategory”

when ccccc = sflnd,

sssss = synop

==> Synoptic - manual and automatic

sssss = avnma

==> Aviation - manual

sssss = amosx

==> Aviation - AMOS

sssss = ramos

==> Aviation - RAMOS

sssss = autob

==> Aviation - AUTOB

sssss = asosx

==> Aviation - ASOS

sssss = metar

==> Aviation - METAR

sssss = awosx

==> Aviation - AWOS

sssss = coavn

==> Synoptic - converted aviation

sssss = autox

==> Aviation - AUTO(0-9)

sssss = coops

==> Cooperative - SHEF

sssss = sclim

==> Aviation - Supplementary Climat Data Report

sssss = allsc

==> All sub-categories

when ccccc = sfmar,

sssss = ships

==> Ship - manual and automatic

sssss = dbuoy

==> Drifting buoy

sssss = mbuoy

==> Moored buoy

sssss = lcman

==> Land-based CMAN station

sssss = oilrg

==> Oil rig or platform

sssss = slpbg

==> Sea level pressure bogus

sssss = wavob

==> WAVEOB

sssss = allsc

==> All sub-categories

when ccccc = vsndn,

sssss = raobf
==> Rawinsonde - fixed land

sssss = raobm
==> Rawinsonde - mobile land

sssss = raobs
==> Rawinsonde - ship

sssss = dropw
==> Dropwinsonde

sssss = pibal
==> Pibal

sssss = prflr
==> Profiler

sssss = nxrdw
==> NEXRAD winds

sssss = allsc
==> All sub-categories

when ccccc = vsnds,

sssss = geost
==> Geostationary

sssss = mstbg
==> Moisture bogus

sssss = tovsx
==> Polar orbiting - TOVS

sssss = synsy
==> Sun synchronous

when ccccc = sluan

sssss = airep
==> AIREP

sssss = pirep
==> PIREP

sssss = asdar
==> ASDAR

sssss = acars
==> ACARS

sssss = recco
==> RECCO - flight level

sssss = allsc
==> All sub-categories

when ccccc = sluas

sssss = infus
==> Winds derived from cloud motion observed infrared

channels by the United States

sssss = visus
==> Winds derived from cloud motion observed in visible

channels by the United States

sssss = h20us
==> Winds derived from motion observed in water vapour channels



 by the United States

sssss = comus
==> Winds derived from motion observed in a combination of 



spectral channels by the United States

sssss = infin
==> Winds derived from cloud motion observed in infrared



 channels by India

sssss = visin
==> Winds derived from cloud motion observed in visible channels




 by India

sssss = h20in
==> Winds derived from motion observed in water vapour channels



 by India

sssss = comin
==> Winds derived from motion observed in a combination of 



spectral channels by India

sssss = infja
==> Winds derived from cloud motion observed in infrared



 channels by Japan

sssss = visja
==> Winds derived from cloud motion observed in visible


channels by Japan

sssss = h20ja
==> Winds derived from motion observed in water  vapour



 channels by Japan

sssss = comja
==> Winds derived from motion observed in a combination of



 spectral channels by Japan

sssss = infeu
==> Winds derived from cloud motion observed in infrared


 channels by EUMETSAT

sssss = viseu
==> Winds derived from cloud motion observed in visible

channels by EUMETSAT

sssss = h20eu
==> Winds derived from motion observed in water vapour channels



 by EUMETSAT

sssss = comeu
==> Winds derived from motion observed in a combination of 



spectral channels by EUMETSAT

sssss = allsc
==> All sub-categories

when ccccc = sfsat,

sssss = ssmit

==> SSM/I - Brightness Temperatures

sssss = ssmip

==> SSM/I - Derived Products

sssss = ersar

==> ERS/SAR

sssss = erswn

==> ERS/scatterometer Winds

sssss = ersal

==> ERS/Radar altimeter Data

sssss = sstnv

==> DOD/Navy sea surface temperatures

sssss = sstns

==> DOC/NESDIS sea surface temperatures

sssss = allsc

==> All sub-categories

file name layout

==> FL=lllll

where

FL

==> Indicator for information element “file name layout”

lllll

==> is a string of five characters indicating the file name

 


structure used for an individual file (table maintained by 




originating center).

file cycle number

==> CY=xxxx


where

CY

==> Indicator for information element “file cycle number”


xxxx




==> two or four digit file cycle number

sequence number

==> SN=xx(xx)


where


SN

==> Indicator for information element “sequence number”


xx(xx) = 01(01) 


   thru 99(99)

==>sequence number, length of two or four digits determined when number of subdirectories or files are established by center writing the files 

customer

==> {CU|cu}.lllll


where


CU

==> Indicator for information element “customer”


lllll = kwbc

==> RTH Washington


lllll = fnoc

==> Fleet Numerical Oceanographic Center


lllll = knhc

==> National Hurricane Center


lllll = mitre

==> Company name


lllll = faa

==> Federal Aviation Administration


lllll = genrl

==> general purpose files (implies file content is not restricted by any intended customer)

ANNEX TO PARAGRAPH 5.1.3

ADDITIONS IN BUFR AND CREX

Add in BUFR and CREX the following entries:

Class 08:

0 08 065
Type of precipitation
Flag table
0
0
12

B 08 065

Flag table
0
0
4

0 08 066
Precipitation occurrence
Code table
0
0
3

B 08 066

Code table
0
0
1

Class 13:

0 13 055
Intensity of precipitation 
kgm-2s-1 
4
0
8

B 13 055

mm/h
1
0
4

0 13 058
Size of precipitating element m

4
0
7

B 13 058

mm

1
0
3

0 13 059
Number of flashes)
Numeric
0
0
7



(thunderstorm


B 13 059



0
0
3

Flag Table

0 08 065

 Type of precipitation

1 Rain

2 Drizzle

3 Solid precipitation (Snow or snow grains or ice pellets or ice crystals)

4 Hail

5 Thunderstorm, if precipitation occurs at the same time

6-11
Reserved

All 12
Missing value

Note:
Mixed precipitation is indicated by setting to one the bits of all the observed single types of precipitation 

Code Table

0 08 066

 Precipitation occurrence

0
Reserved

1
Continuous

2
Shower

3
Intermittent precipitation

4-6
Reserved

7
Missing value

ANNEX TO PARAGRAPH 5.2.1.1

ADDITIONS TO BUFR REQUESTED BY DBCP

There is a need to create the following new descriptors and associated tables:

Proposed new descriptors and associated tables:

· 0 25 086
Depth correction indicator. Indication whether probe depths as reported in Section 3 are corrected using hydrostatic pressure or not.

Table B reference
Unit
Scale
Reference value
Data width (bits)

0 25 086
Code table
0
0
2


CREX: B25086
  Code table
0


      1

Associated code table:

Code figure
Depth correction indicator

0
Depths are not corrected

1
Depth are corrected

2
Reserved

3
Missing

· 0 02 168
Hydrostatic pressure of lower end of cable (thermistor string). Pressure is expressed in units of 1000 Pa (i.e. centibars). This indicator must be followed by 0 02 035 (Cable length) indicator.

Table B reference
Unit
Scale
Reference value
Data width (bits)

0 02 168
Pa
-3
0
16


CREX: B 02 168
   KPa

0


       5

· 0 07 064
Height above station at which sensor height is artificially corrected to standard value using formula. For example standard height for wind is 10 meters but anemometers on buoys are placed at much lower height; such height is sometimes corrected using formula).

Table B reference
Unit
Scale
Reference value
Data width (bits)

0 07 064
m
0
0
4

CREX:     B 07 064

  m

0


      2

· 0 02 169
Anemometer type

A new BUFR table will have to be proposed for encoding Anemometer type.

Code figure
Anemometer type

0
Cup rotor

1
Propeller rotor

2
Wind Observation Through Ambient Noise (WOTAN)

3-14
Reserved

15
Missing value

 Rename descriptor 0-02-148 "Location System" to "Data collection and/or location system".

· 0-02-148
Data collection and/or location system

New entries proposed in associated code table

Code figure
Data collection and/or location system

3
GOES DCP

4
METEOSAT DCP

5-30
Reserved

ANNEX TO PARAGRAPH 5.2.1.2

Add in Common Code Table C-3 (Code Table 1770): 

510
Sparton 536 AXBT
a= 1.524, b= 0

In Common Code Table C-4 (Code Table 4770):

11 Lockheed-Sanders Model OL5005

Add to Table 0 02 030 (BUFR) and in Table 2266 (Volume I.1) the following entry:

Code
Meaning

  1
ADCP (Acoustic Doppler Current Profiler)

ANNEX TO PARAGRAPH 5.2.1.3

SATELLITE NUMBERS in Common Code Table C-5

Change the following entryies:

220
220
LANDSAT 5

221
221
LANDSAT 4

222
222
LANDSAT 7 (no change)

Add:

059 METEOSAT 2

120 ADEOS....

.......................

281 QUIKSCAT

ANNEX TO PARAGRAPH 5.2.1.4

REQUIREMENT FOR NEW WMO STORM NAME (10 CHARACTERS) AND OCEAN BASIN LETTER

(Requested by the Tropical Cyclone Programme)

New descriptors in BUFR and CREX:

BUFR:

0 01 027
WMO long storm name
CCITT IA5
0
0
80

CREX:

B 01 027
WMO long storm name
CCITT IA5
0

80

BUFR:

Add note to 0 01 026:  Descriptor 0 01 027 should be used instead of 0 01 026 to encode this element

And in Note 2 of table for Class 1, change 0 01 026 to 0 01 027

CREX:

Add note to B 01 026:  Descriptor B 01 027 should be used instead of B 01 026 to encode this element

And in Note 2 of table for Class 1, change B 01 026 to B 01 027

 In Note 1 of table for Class 1 in BUFR and CREX, add in the list the letter F:

F   RSMC Nadi’s zone in South Pacific

ANNEX TO PARAGRAPH 5.2.2

The QuikScat data should be represented with one Table D entry: 312026

These are the sequences needed for BUFR Table D:

312026  301046

        301011

        301013

        301023

        312031

        101004

        312030

        021110

        301023

        321027

        021111

        301023

        321027

        021112

        301023

        321027

        021113

        301023

        321027

301046  001007

        001012

        002048

        021119

        025060

        202124

        002026

        002027

        202000

        005040

312030  201130

        202129

        011012

        202000

        201000

        011052

        201135

        202130

        011011

        202000

        201000

        011053

        021104

312031  005034

        006034

        021109

        011081

        011082

        021101

        021102

        021103

321027  021118

        202129

        201132

        002112

        201000

        201131

        002111

        201000

        202000

        002104

        021105

        021106

        021107

        021114

        021115

        021116

        008018

        021117

Table B new entries required

005034
ALONG TRACK ROW NUMBER
NUMERIC
0
0
11

006034
CROSS TRACK CELL NUMBER
NUMERIC
0
0
7

008018
SEAWINDS LAND/ICE SURFACE
FLAG TABLE
0
0
17


TYPE

011052
FORMAL UNCERTAINTY IN WIND
M/S
2
0
14


SPEED

011053
FORMAL UNCERTAINTY IN WIND
DEGREE TRUE
2
0
15


DIRECTION

011081
MODEL WIND DIRECTION AT 10 M
DEGREE TRUE
2
0
16

011082
MODEL WIND SPEED AT 10 M
M/S
2
0
13

021101
NUMBER OF VECTOR AMBIGUITIES
NUMERIC
0
0
3

021102
INDEX OF SELECTED WIND VECTOR
NUMERIC
0
0
3

021103
TOTAL NUMBER OF SIGMA-0
NUMERIC
0
0
5


MEASUREMENTS

021104
LIKELIHOOD COMPUTED FOR
NUMERIC
3
-30000
15


SOLUTION

021105
NORMALIZED RADAR CROSS
dB
2
-10000
14


SECTION 

021106
Kp VARIANCE COEFFICIENT (ALPHA)
NUMERIC
3
0
14

021107
Kp VARIANCE COEFFICIENT (BETA)
NUMERIC
8
0
16

021109
SEAWINDS WIND VECTOR CELL
FLAG TABLE
0
0
17


QUALITY

021110
NUMBER OF INNER-BEAM
NUMERIC
0
0
6


SIGMA-0 (FORWARD OF SATELLITE)

021111
NUMBER OF OUTER-BEAM
NUMERIC
0
0
6


SIGMA-0 (FORWARD OF SATELLITE)

021112
NUMBER OF INNER-BEAM
NUMERIC
0
0
6


SIGMA-0 (AFT OF SATELLITE)

021113
NUMBER OF OUTER-BEAM
NUMERIC
0
0
6


SIGMA-0 (AFT OF SATELLITE)

021114
Kp VARIANCE COEFFICIENT (GAMMA)
 dB
3
-140000
18

021115
SEAWINDS SIGMA-0 QUALITY
FLAG TABLE
0
0
17

021116
SEAWINDS SIGMA-0 MODE
FLAG TABLE
0
0
17

021117
SIGMA-0 VARIANCE
NUMERIC
2
0
16


QUALITY CONTROL

021118
ATTENUATION CORRECTION
dB
2
-10000
14


ON SIGMA-0

021119
WIND SCATTEROMETER
CODE TABLE
0
0
6


GEOPHYSICAL MODEL FUNCTION

New entries in existing Code Table 002048: Satellite sensor indicator

Add two new entries:

Code figure
Meaning

7 NSCAT

8 SEA WINDS

Flag Table 008018

Bit number    Meaning

1             LAND IS PRESENT

2             SURFACE ICE MAP INDICATES ICE IS PRESENT

3-10          RESERVED 

11            ICE MAP DATA NOT AVAILABLE

12            ATTENUATION MAP DATA NOT AVAILABLE

13-16         RESERVED

All 17        MISSING VALUE

Flag Table 021109

Bit
Meaning

number

 1       NOT ENOUGH GOOD SIGMA-0 AVAILABLE FOR WIND RETRIEVAL          

 2       POOR AZIMUTH DIVERSITY AMONG SIGMA0- FOR  WIND RETRIEVAL

 3-7     RESERVED

 8       SOME PORTION OF WIND VECTOR CELL IS OVER LAND

 9       SOME PORTION OF WIND VECTOR CELL IS OVER ICE 

 10      WIND RETRIEVAL NOT PERFORMED FOR WIND  VECTOR CELL

 11      REPORTED WIND SPEED IS GREATER THAN 30 M/S

 12      REPORTED WIND SPEED IS LESS THAN OR EQUAL TO 3 M/S

 13-16   RESERVED

 ALL 17  MISSING VALUE
Flag Table 021115

Bit
Meaning

number

  1      SIGMA-0 MEASUREMENT IS NOT USABLE

  2      SIGNAL TO NOISE RATIO IS LOW

  3      SIGMA-0 IS NEGATIVE

  4      SIGMA-0 IS OUTSIDE OF ACCEPTABLE RANGE

  5      SCATTEROMETER PULSE QUALITY 

         IS NOT ACCEPTABLE

  6      SIGMA-0 CELL LOCATION ALGORITHM DOES NOT CONVERGE

  7      FREQUENCY SHIFT LIES BEYOND THE RANGE OF THE X FACTOR TABLE

  8      SPACECRAFT TEMPERATURE IS BEYOND

         CALIBRATION COEFFICIENT RANGE

  9      NO APPLICABLE ATITUDE RECORDS WERE FOUND FOR THIS SIGMA-0

  10     INTERPOLATED IPHEMEORIS DATA ARE NOT ACCEPTABLE FOR THIS

         SIGMA-0

  11-16  RESERVED

  All 17 MISSING VALUE

Flag Table 021116

Bit
Meaning

number

  1      CALIBRATION/MEASUREMENT PULSE FLAG (1)

  2      CALIBRATION/MEASUREMENT PULSE FLAG (2)

  3      OUTER ANTENNA BEAM

  4      SIGMA-0 CELL IS AFT OF SPACECRAFT

  5      CURRENT MODE (1)

  6      CURRENT MODE (2)

  7      EFFECTIVE GATE WIDTH - SLICE RESOLUTION (1)

  8      EFFECTIVE GATE WIDTH - SLICE RESOLUTION (2)

  9      EFFECTIVE GATE WIDTH - SLICE RESOLUTION (3)

  10     LOW RESOLUTION MODE - WHOLE PULSE DATA

  11     SCATTEROMETER ELECTRONIC SUBSYSTEM B

  12     ALTERNATE SPIN RATE - 19.8 RPM

  13     RECEIVER PROTECTION ON

  14     SLICES PER COMPOSITE FLAG(1)

  15     SLICES PER COMPOSITE FLAG(2)

  16     SLICES PER COMPOSITE FLAG(3)

  ALL 17 MISSING VALUE

Code Table 021119

Code figure    Meaning

     0         RESERVED

     1         SASS

     2         SASS2

     3         NSCAT0

     4         NSCAT1

     5         NSCAT2

     6         QSCAT0

     7         QSCAT1

     8 -30     RESERVED

     31        CMOD1

     32        CMOD2

     33        CMOD3

     34        CMOD4

     35        CMOD5

     36-62     RESERVED

     63        MISSING VALUE

ANNEX TO PARAGRAPH 5.3.1

Sequences needed for Geostationary satelite radiance data in BUFR Table D :

Meteosat radiance data

310015  301072

        007024

        010002

        303041

        101003

        304032

        002152

        002024

        007004

        007004

        013003

        101003

        304033

Meteosat Second Generation (MSG) radiance data

310016  301072

        007024

        010002

        303041

        101012

        304032

        002152

        002024

        007004

        007004

        013003

        101012

        304033

Cloud fraction

304032  002153

        002154

        020081

        020082

        020012

Clear sky radiance        

304033  002152

        002166

        002167

        002153

        002154

        012075

        012076

        012063

Table B new entries required

012075 SPECTRAL RADIANCE
Wm-1sr-1     10     0   31

012076 RADIANCE


Wm-2sr-1      3      0   16

Add note to descriptor: 0 12 072: Descriptor 0 12 076 should be used instead of descriptor 0 12 072 to encode Radiance.

ANNEX TO PARAGRAPH 5.3.2

Code table 0 02 023 - satellite derived wind computation method

Add entry 
0
Reserved

Modify entries 3 and 7 as:

      3
Wind derived from cloud motion observed in the water vapour channel

      7
Wind derived from motion observed in the water vapour channel (cloud or clear air not specified)

ANNEX TO PARAGRAPH 5.3.4

ADDITION FOR RADIOLOGICAL SOUNDINGS

Proposal for new descriptors in CREX (and BUFR)
     The following new descriptors are proposed:



unit
scale
Ref.

value
 data

width

008008
Radiation vertical sounding significance
flag table
0
0
9

B08008
Radiation vertical sounding significance
flag table
0   

3






bit  1
=   surface


bit  2 
=   standard level


bit  3
=   tropopause level


bit  4
=   level of beta radiation maximum


bit  5
=   level of gammma radiation maximum


bit  6
=   minimum pressure level


bit  7
=   reserved


bit  8
=   level of undetermined significance


all  9
=   missing value



unit
scale
Ref.

value
data

width

007009
Geopotential height
gpm
0
0
17

B07009
Geopotential height
gpm
0

5

010009
Geopotential height 
gpm
0
0
17

B10009
Geopotential height
gpm
0

5

In the proposed template (see par. 4), only the descriptor B10009 is needed. According to the recommendation of  Mr. Robert Mailhot, a similar descriptor in class 7 (B07009) is proposed for the sake of completeness. 



unit
scale
Ref.

value
data

width

024023
Pulse rate of beta radiation
count per sec
1
0
14

B24023
Pulse rate of beta radiation
count per sec
1

4

024024
Pulse rate of gamma radiation
count per sec
1
0
14

B24024
Pulse rate of gamma radiation
count per sec
1

4

In the template of a radiological sounding, the descriptor D01024 is used for the sequence B05002 (latitude of coarse accuracy), B06002 (longitude of coarse accuracy) and B07001 (height)], although D01022 should be used according to the current CREX documentation.  D01022 should also be replaced by D01024 in the descriptors D01075, D07041, D07042, D07043 and D07044 (descriptors for ozone measurements). 

The descriptor D01075 is called “Ozone sounding identification”.  This descriptor is, however, suitable for the identification of any vertical sounding, e.g. also for radiological sounding or for sounding data of high vertical resolution.  Therefore it is proposed to rename this descriptor to make it available for a more general usage: "Sounding identification".

ANNEX TO PARAGRAPH 6.2

RESULTS OF QUESTIONNAIRE ON WMO CODES

1.
Fifty-seven countries answered:

2.
From RA I,  9 countries answered.

From RA II, 14 countries answered.

From RA III,  6 countries answered.

From RA IV,  1 country answered. 

From RA V,  5 countries answered.

From RA VI, 22 countries answered. 

3. RESULTS Compilation of replies

The results of the questionnaire can be found in Appendices A, B and C.

4.
USE OF WMO CODES (see Appendix A)

4.1
The most used WMO codes for encoding and transmitting information are SYNOP and CLIMAT (all countries-100%, then TEMP (56 countries-98%), METAR (55 countries-97%), TAF (48 countries-84%), SPECI (46 countries-81%), CLIMAT TEMP (44 countries-77%), PILOT (39 countries-68%) and SHIP (36 countries-63%).

4.2
Surprisingly, 12 (21%) countries code data in RADOB, 12 (21%) in TEMP SHIP and 10 (18%) in HYDRA.

4.3
Only one country encodes in CODAR (manually), one in ICEAN (manually), one in WAVEOB (automated), one in SFAZI and one in SFAZU.

4.4
FM 49 GRAF and FM 73 NACLI, CLINP, SPCLI, CLISA, INCLI are the only 2 codes which are not reported to be generated by any country.

4.5
Two other codes are not encoded: SFLOC and SARAD, but they are received by some centres (2 and 4 respectively).

4.6
FM 57 RADOF was omitted by mistake from this questionnaire.  We know that in RA VI, this code is used for some bi-lateral exchanges.

4.7
Only 12 (21%) countries code data in BUFR, of which 7 (12%) are coding BUFR data at the observing platform or site, 10 (18%) at a processing centre and 1 at the telecommunication centre only.

4.8
Only 3 (5.3%) countries are coding in CREX of which 2 (3.5%) are reporting coding CREX data at the observing platform or site and 2 (3.5%) at a processing centre.

4.9
Fourteen (25%) countries reported they generate GRIB reports when only 8 (14%) generate GRID reports. 

AUTOMATION FOR ENCODING (see Appendix B)

5.1 From RA I, 9 countries answered, 2 reported some automation in encoding of observations or products


1 reported extensive automation

From RA II, 14 countries answered,
2 reported some automation in encoding of observations or products


3 reported extensive automation

From RA III,  6 countries answered,
1 reported some automation in encoding of observations or products


1 reported extensive automation

From RA IV,  1 country answered and reported extensive automation in encoding of observations or products

From RA V,  5 countries answered,
1 reported some automation in encoding of observations or products






1 reported extensive automation


From RA VI, 22 countries answered,
8 reported some automation in encoding of observations or products






8 reported extensive automation

5.2
Fourteen countries reported some automation in encoding of observations or products and 15 countries reported extensive automation.  In total 29 countries out of 57 reported automation in encoding of observations.

5.3
The countries seem to use many different computers and operating systems for encoding reports.  For example, out of 20 countries reporting automatic encoding of SYNOP, 18 different combinations of systems are reported.  Sometimes there are more different systems used than countries.

5.4
Overall, the main operating systems to be used are UNIX followed by MS-DOS, for languages FORTRAN 77 and C are mentioned the most.  GRIB and BUFR are not processed under MS-DOS, but all under UNIX, with FORTRAN 77 and C.  GRIB is indeed usually processed on bigger machines (CRAY, NEC).

ARCHIVING OF OBSERVATIONS MESSAGES

6.1
About two thirds of the countries reported they archive observations.  About half reported they archive in the WMO Alphanumeric Code format, the other half in a different format, which is for one third BUFR.

6.2
Almost all the countries encoding BUFR, GRIB and CREX, archive these messages, but one fifth archive them in a different format!  One country indicated it archives CREX in BUFR, which is indeed very natural!
DECODING-PROCESSING OF WMO CODES (see Appendix C)

7.
Thirty-four countries reported some automation for decoding or processing alphanumeric codes.  A great variety of platforms are used by the Members, however SGI is reported 10 times and PC type systems 18 times.  The operating system UNIX is reported 17 times, MS-DOS 15 times.  FORTRAN 77 is used 18 times, C 16 times.

BUFR

8.
Thirty-eight countries reported using BUFR.  Twice more countries reported for DECODING than for ENCODING.  Countries indicated use of BUFR for all types of data, but mostly for satellites and RADAR data.  Three countries reported they use it for automated station data.  It is indeed used for archiving.

8.1
The advantages of BUFR are well known and listed again by the countries:

Overall very powerful

Compactness of data (5), Save disk memory, Save disk space

Self defined

Expandable for local or international applications (2)

Fully flexible (2)

Easy to add or change observational elements (2)

Universal Code Form (3), Manage any type of data

The only possibility for composition of RADAR data

Embedded auto-control (?)

Efficient for data processing and transmission

Convenient for calculation

Allows easy conversion into internal format (?)
Machine independent(?)
Portability and uniformity

8.2
The disadvantages are less known but the countries made a good list:

Not human readable (6), binary

Coordination between data source and data recipient to ensure the same interpretation 

Tables updating and coordination heavy (4)

High requirement for the used computer

Requires a sophisticated ENCODER/DECODER (3), Difficulty in coding and decoding

For transmission, it requires X25 or TCP/IP

Possible confusion within tables (2)

Complexity (2)

Too strict rules (?)
Decrease accuracy (?)
Missing standard encoders/decoders for different platforms.

CREX

9.
Only 3 countries indicated they use CREX, however 23 countries plan to use CREX in the future.  Twenty-one said they had no plan to use it.  The question which can be further asked is: do they know about CREX?  Many countries indicated they planned to use CREX to replace traditional codes.  It is currently used for Ozone data exchange (3 countries), typhoon forecast information (1 country), for hydrology (1 country).

9.1
Countries listed the following advantages of CREX:

Close relationship to BUFR, good solution for simple needs, human readable (in recurring cases), flexible 

Experience of using CREX will be helpful for migration to BUFR

Similarity of the concept of CREX and BUFR (flexibility, expandability)
CREX can prevent the proliferation of new various alphanumeric codes (3)

CREX allows direct readability without various decoder

CREX does not require X25 nor TCP/IP for transmission

CREX allows data representation in commonly used units

General Code (universality)
Flexibility allowing to provide different data in different situation

Easy to use code

Flexibility of tables, can be used by not automated centres.

9.2
The main advantages of CREX which were expressed by the countries, were really to avoid the proliferation of new alphanumeric codes, the flexibility and the ease of use.

9.3
The countries listed the following disadvantages of CREX (comments by secretariat in italics):

Octal representation of flag tables, limitation for satellite data, less flexible than BUFR (?), not really readable when content varies, does not compress data (but one can use ZIP), coordination of tables, coordination between data source and data recipient (at the beginning)

Transition of traditional character codes to CREX would require modifications of the existing software

Cost for renewal of existing software

Could be too long a message (3), CREX is not volume efficient

Lack experienced staff (training necessary)
PLAN

10.
The main disadvantage expressed by the countries is the size of CREX messages.  Perhaps, to counter that, a standard compressing package could be suggested.  Clearly the cost to renew the existing software is a big hurdle.  Only new data types without an existing WMO code should be considered to coded in CREX.  A recognized WMO software house should offer standard encoder/decoder software packages, for both CREX and BUFR.  Definitely, training should be provided.  Heavy and intensive training would be required for programmers if encoder/decoders were not available, however if they are, a light training, more simple and just informative will be sufficient for BUFR.  CREX can be easily fully understood within a few hours.

10.1
Countries listed the computers where they use or plan to use a BUFR or CREX decoder software.  SGI and PC types are the most used machines (see logically the same in parag. 7.1).  UNIX and MS-DOS will be the most use operating systems.  FORTRAN and C are the winners for the languages.

10.2
The list of data which cannot fit in present WMO alphanumeric codes is impressive.  Indeed there are the wind profilers, satellites, the ACARS and RADAR data, for which BUFR is the answer.  Nevertheless, 8 countries indicated there were no data which did not fit the WMO alphanumeric codes, perhaps because they do not have new requirements. Countries listed new data types which should be considered with attention:


Monitoring reports of regional synoptic network


High resolution products


Forecast vertical profiles


Radiological sounding 


Air pollution data (use internal character code)


Agrometeorological (use internal character code)

Observations and predictions of ENSO, Developing anomalies, ITCZ data, Soil hydrological bilan


Pictorial information


Advisories, Forecasts


Aeronautical data and information


Some aircraft and radiation data


Measured data from automatic station.

CANDIDATES FOR REPRESENTATION AND EXCHANGE

11.
There are two groups of countries: those that said that CREX could transmit all data, and those that limit it to the new data types for which there is no existing alphanumeric WMO codes.  The same answer is made for BUFR.

APPENDIX A

Questionnaire on Use of WMO Codes
Code
Encoding
Transmitted by telecomm. Centre
Received by GDPS Center
Archived by agency


At Observing Site or Platform
At a processing Centre
At

telecom-munication Centre only
If automated, indicate:

computer, operating system, encoder language (e.g. CRAY J916, UNIX, FORTRAN 77)
Domes-tically
Interna-tionally
from some other domestic source
from   an interna-tional source
(specify archive format if different)

FM 12 SYNOP
56
11
2
20
45
46
19
50
17 ( 15 BUFR: 4

FM 13 SHIP
23
3

8
24
28
14
26
14 ( 7 BUFR: 3

FM 14 SYNOP MOBIL
3



3
4
3
6
3 ( 1

FM 15 METAR
51
4

13
41
47
18
32
21 ( 5 BUFR: 1

FM 16 SPECI
42
4

9
37
42
16
30
17 ( 4 BUFR: 1

FM 18 BUOY
4
5
2
3
8
12
4
16
8 ( 5 BUFR: 3

FM 20 RADOB
12


1
7
12
5
7
5 ( 1

FM 22 RADREP
4



2
3

2
2

FM 32 PILOT
35
4

11
26
31
16
27
14 ( 8 BUFR: 4

FM 33 PILOT SHIP
4
2

2
7
8
4
13
7 ( 5 BUFR: 4

FM 34 PILOT MOBIL
2



3
5
2
7
4 ( 1 BUFR: 1

FM 35 TEMP
50
6

18
40
51
19
39
21 ( 11 BUFR: 4

FM 36 TEMP SHIP
10
2

3
11
13
6
22
8 ( 7 BUFR: 4

FM 37 TEMP DROP

1

1
2
3
2
6
4 ( 1 BUFR: 1

FM 38 TEMP MOBIL
4



5
6
3
9
5 ( 2 BUFR: 2

FM 39 ROCOB
3


1
2
3
2
4
3

FM 40 ROCOB SHIP
2



1
2
1
2
1

FM 41 CODAR
1



2
2
1
3
3

FM 42 AMDAR
4
4

2
5
7
5
13
5 ( 4 BUFR: 2

FM 44 ICEAN
1



1
2

1
2

FM 45 IAC
3



3
3
2
2
1

FM 46 IAC FLEET
1
1


2
1

2
1

FM 47 GRID
1
7

6
8
11
2
26
7 ( 2

FM 49 GRAF










FM 50 WINTEM
1
4

1
5
6
1
9
4 ( 1

FM 51 TAF
32
16
2
7
38
46
13
29
13 ( 5 BUFR: 1

FM 53 ARFOR
3
3

1
9
7
3
7
2

FN 54 ROFOR
7
5

2
13
13
4
8
5

FM 61 MAFOR
2
1

1
4
3
1

2

FM 62 TRACKOB
2
4

3
2
5
1
4
4

FM 63 BATHY
5
4

4
5
9
4
8
4 ( 4 BUFR: 2

FM 64 TESAC
2
3

3
3
7
2
7
3 ( 4 BUFR: 2

FM 65 WAVEOB
1


1
1

2

 ( 1 BUFR: 1

FM 67 HYDRA
9
1

1
5
6

5
4 ( 2

FM 68 HYFOR
4
1

1
2
4

3
2 ( 1

FM 71 CLIMAT
41
19

9
29
51
15
31
16 ( 6

FM 72 CLIMAT SHIP
3
1


2
5
3
5
4

FM 73 NACLI,...




1
1




FM 75 CLIMAT TEMP
32
12

10
22
38
11
23
12 ( 3

FM 76 CLIMAT TEMP SHIP
2
2


2
4
2
6
3 ( 1

FM 81 SFAZI

1








FM 82 SFLOC




2


2


FM 83 SFAZU

1








FM 85 SAREP

3

1
2
3
2
4
5

FM 86 SATEM
1
4

2
5
7
2
15
6 ( 4 BUFR: 3

FM 87 SARAD




2
5

4
2

FM 88 SATOB
1
3

2
6
8
3
16
5 ( 2 BUFR: 1

FM 92 GRIB
2
14

14
15
12
4
25
11 ( 1

FM 94 BUFR
7
10
1
12
12
10
5
11
8 ( 2

FM 95 CREX (experimental up to April 2000 - operational in May 2000)
2
2

3
3
3

3
2 ( 1

APPENDIX B

AUTOMATION FOR ENCODING

Indicated in front is the Number of computer systems used over the Number of countries using automation for encoding the corresponding WMO code (e.g.: 18/20).

18/20

SYNOP:
COMPAQ-PC486, MS-DOS, PASCAL 7.0*



VAX, VMS, PL/1*



DEC ALPHA, VMS, FORTRAN*



DOS, PASCAL*



SGI, UNIX, FORTRAN 77*



PC, MS-DOS, C*

DEC ALPHA, VMS 7.1, FORTRAN



RS6000, AIX, C*



SUN, UNIX, C*



IMS, QNX, MILOS 500



PC, MS-DOS, Q-BASIC *



PC, WINDOWS, C & PASCAL




WS, UNIX, C*



PENTHIUM, WINDOWS 95, DELPHI*



IBM 590H, UNIX, FORTRAN



HITACHI, UNIX, C



FUJITSU, OSIV MSP, FORTRAN 77



PENTHIUM, WINDOWS, VISUAL BASIC

5/8

SHIP

PC, MS-DOS, C



FUJITSU, OSIV MSP, FORTRAN 77



DEC ALPHA, VMS, FORTRAN



SUN, UNIX, C



PC, FORTRAN 77

12/13

METAR
SGI, UNIX, FORTRAN 77*



PC, MS-DOS, C*



COMPAQ DESKPRO 4/331, DOS 6.22



WS, UNIX, C



COMPAQ-PC486, MS-DOS, PASCAL 7.0*



PENTHIUM, WINDOWS 95, DELPHI



PC, WINDOWS NT, VISUAL BASIC



DOS, PASCAL



HITACHI, UNIX, C



DEC ALPHA, VMS, FORTRAN



SUN, UNIX, C



PC, WINDOWS, C

9/9

SPECI

PC, MS-DOS, C



COMPAQ DESKPRO 4/331, DOS 6.22



WS, UNIX, C



COMPAQ-PC486, MS-DOS, PASCAL 7.0*



PENTHIUM, WINDOWS 95, DELPHI



HITACHI, UNIX, C



DEC ALPHA, VMS, FORTRAN



SUN, UNIX, C



PENTHIUM, WINDOWS, VISUAL BASIC

3/3

BUOY

HITACHI, UNIX, C



SGI CHALLENGE, UNIX, C



SG, IRIX

1/1

RADOB
SIEMENS, RS 2000

8/11

PILOT

MICROCORA



WS, UNIX, C



DIGICORA



SGI, UNIX, FORTRAN 77*



PC, MS-DOS, C



FUJITSU, OSIV MSP, FORTRAN 77



HP, UNIX, C



PENTHIUM, WINDOWS, VISUAL BASIC

2/2

PILOT SHIP
WS, UNIX, C



FUJITSU, OSIV MSP, FORTRAN 77

10/18

TEMP

MICROCORA



WS, UNIX, C



PENTHIUM, WINDOWS 95, VAISALA SOFTWARE



SGI, UNIX, FORTRAN 77*



PC, MS-DOS, C



FUJITSU, OSIV MSP, FORTRAN 77



DIGICORA



PC, WINDOWS, FORTRAN 77



HP, UNIX, C



PENTHIUM, WINDOWS, VISUAL BASIC

4/3

TEMP SHIP
WS, UNIX, C



NEC, MS-DOS, BASIC & C



FUJITSU, OSIV MSP, FORTRAN 77



PC, WINDOWS, FORTRAN 77

1/1



TEMP DROP
WS, UNIX, C

1/1

ROCOB
NEC, MS-DOS, C

1/2

AMDAR
FUJITSU, OSIV MSP, FORTRAN 77

4/6

GRID 

SGI, UNIX, FORTRAN 77



HP, UNIX, C



HITACHI, VOS3, FORTRAN 77



FUJITSU, OSIV MSP, FORTRAN 77

1/1

WINTEM
SGI, UNIX, FORTRAN 77

6/7

TAF

PC, MS-DOS, C



WS, UNIX, C



PC, WINDOWS NT, VISUAL BASIC



HITACHI, UNIX, C



DEC ALPHA, VMS, FORTRAN



SUN, UNIX, C

1/1

ARFOR
DEC ALPHA, VMS, FORTRAN

2/2

ROFOR
PC, WINDOWS NT, VISUAL BASIC



DEC ALPHA, VMS, FORTRAN

1/1

MAFOR
WS, UNIX, C

3/3

TRACKOB
DOS, FORTRAN 77



IBM 43P, UNIX, C



FUJITSU, OSIV MSP, FORTRAN 77

5/4

BATHY
DOS, FORTRAN 77



IBM 43P, UNIX, C



PC, MS-DOS, BASIC



FUJITSU, OSIV MSP, FORTRAN 77



SGI, UNIX, FORTRAN 77

3/3

TESSAC
DOS, FORTRAN 77



IBM 43P, UNIX, C



SGI, UNIX, FORTRAN 77

1/1

WAVEOB
NEC, MS-DOS, C

1/1

HYDRA
PC, MS-DOS, PASCAL

1/1

HYFOR
PC, MS-DOS, PASCAL

11/9

CLIMAT
PC, MS-DOS, PASCAL 7.0



IBM 43P, UNIX, C



SOLARIS, UNIX, C



SGI, UNIX, FORTRAN 77



NEC, MS-DOS, C



HITACHI, VOS3, FORTRAN 77



FUJITSU, OSIV MSP, FORTRAN 77



DEC ALPHA, VMS, FORTRAN



SIEMENS, RS 2000, ASSEMBLER



HP 720, UNIX, C



IMS, QNX, MILOS 500

7/10



CLIMAT TEMP PENTHIUM, WINDOWS 95, VAISALA SOFTWARE



PC, MS-DOS



IBM 43P, UNIX, C



SGI, UNIX, FORTRAN 77



NEC, MS-DOS, C



FUJITSU, OSIV MSP, FORTRAN 77



HP, UNIX, C

1/1

SAREP
FUJITSU-SUN, SUN OS, C

2/2

SATEM
SUN, UNIX, C



FUJITSU, OSIV MSP, FORTRAN 77

1/2

SATOB
FUJITSU, OSIV MSP, FORTRAN 77

14/13

GRIB

AIX & UNIX, FORTRAN 77



SGI 2000, UNIX, C



CRAY, UNIX, C



CRAY, UNIX, FORTRAN 77



NEC-SX-4, UNIX, FORTRAN 90 AND C



VPP-HP, UNIX, FORTRAN



SUN, UNIX, C



IBM 590H, UNIX, C



HITACHI, VOS3, FORTRAN 77



HITACHI, UNIX, FORTRAN 77



FUJITSU, OSIV MSP, FORTRAN 77



SGI, IRIX, FORTRAN 77



CRAY, UNICOS, FORTRAN 90



SUN, BOLARIS, FORTRAN 77

11/12

BUFR

ALPHA, VMS, FORTRAN



SGI CHALLENGE, UNIX, C



SUN, VERSADOS, PASCAL



SUN, UNIX, C



CYBER 2000U, NOS/VE, FORTRAN & C



UNIX, FORTRAN 77



HITACHI, UNIX, C



NEC, ACOS, COBOL 85



FUJITSU, OSIV MSP, FORTRAN 77



SGI, IRIX, FORTRAN 77



VAX, FORTRAN & C

4/3

CREX

SGI 2000, UNIX, C



PC, MS-DOS, PASCAL 7.0



PC, MS-DOS, GW-BASIC



HITACHI, UNIX, C

APPENDIX C

I.
Additional questions (number of same answers is indicated in brackets):

1.
If your processing of traditional character codes (FM 12 to FM 88) is automated:


YES  34  NO  17

a. On what computer platform(s) is your software running? (indicate  make/model):

DATA GENERAL/UMS, CDC CYBER 932, MESSIR 1

SGI ORIGIN 200 or  2000 (7)

SGI CHALLENGE XL (2)

SGI INDIGO

PC(12), PC 486(3), IBM PC/AT


IBM PC Pentium II (2)

IBM RISC 6000, HP, COMPAQ


DEC/ALPHA 1000

ICL DRS 6000

MICROVAX 3100/80

HP/T600,SUN ULTRA SPARC (2)

IBM 590H

VAX/4000, SUN/SPARC 2D

CYBER 2000 U

HITACHI S-3800/480, HITACHI 3500, HITACHI 3050RX

Mini-Computers

SUN ULTRA

PDP 11

DEC VAX 5000/240

EC 1061, CM 1420

b. With which operating system?  (e.g. UNIX, MS-DOS) :

AOS/VS, NOS/VE (2)

UNIX (17)


MS-DOS (15)


Windows (4)

VOS3, Windows NT (2), OS IV MSP

AIX, LINUX (3)

V6.22


VS


OPEN VMS (2)


HP-UX


VMS (2), SOLARIS


XENIX (2)


RT11


QNX


ULTRIX 4.3A


CBM, RSX11M4.1, WIN 32

c. What language used by the decoder? (e.g. FORTRAN 77)

FORTRAN 77 (18)

FORTRAN (3)

FORTRAN 90

FORTRAN 4

IDEAFIX/ORACLE


C (15)


BORLAND TURBO C


PL1 


PC ASSEMBLER (2)


AUTOCAD


Assembler (2)


PASCAL (2)


BORLAND PASCAL 4.0


BASIC

QBASIC

DELPHI

2.
If your agency uses BUFR,


NO 38, YES 15

a.  For what types of data? Indicate: For
Encoding and/or
Decoding

Observations at automated stations

YES 


YES

Forecasts of upper air soundings

at grid points




YES


YES

TOVS/ATOVS (2)







YES

METEOSAT








YES


Acquisition of surface data from


Automated stations






YES


ERS (2)








YES


Wind profilers







YES


ACARS








YES


SYNOP,SHIP,PILOT,PILOT SHIP


TEMP (2), TEMP SHIP, IAC, 


CLIMAT, CLIMAT TEMP



YES


YES

RADAR DATA (6)




YES


YES

SYNOP (2),SYNOP MOBIL,PILOT

TEMP MOBIL, SATEM,SATOB


YES


YES

ALL DATA ARCHIVING



YES


YES

RADAR-CERAD




YES


YES

Aerodrome data




YES


YES

USED FOR ARCHIVING

Most character codes



YES


YES

FM 12,13,15,16,32,33,35,36,51

YES


YES

Wind Profiler





YES


YES

Low-level wind in Typhoon vicinity

YES


YES

TOVS, HI-SATOB, ERS/URA,

METEOSAT0E, 63E, ACARS, 

FOREIGN TY








YES

SYNOP,SHIP,PILOT,TEMP,AMDAR,

SATEM,AIREP,TAF,METAR,

SIGMET,SPECI







YES

For SIGWX





YES


YES

Traditional data codes



YES


YES

SSMI data








YES

Wave data








YES

b.  List the advantages of  BUFR

Compactness of data (3), manage any type of data, flexible - expandable for local or international applications (2), overall very powerful

Convenient for calculation

Fully flexible and volume efficient

Allows easy conversion into internal format

General Code Form

Save disk space

Universal form, Data compression, New codes easy to handle

Machine independent, self defined, easy to add or change observational elements

Save disk memory

Efficient for data processing and transmission

Portability and uniformity

The only possibility for composition of RADAR data

Embedded control (?)

         c.  List the disadvantages of BUFR

Not human readable (4), tables to be coordinated, data source and data recipient to ensure the same interpretation 

High requirement for the used computer

Requires a sophisticated ENCODER/DECODER

For transmission, it requires X25 or TCP/IP

Possible confusion within tables (2)

Tables updating and coordination (3)

Need a decoder/encoder

Binary

Complexity (2), not easily readable

Difficulty in coding and decoding

Decrease accuracy (?)
No standard encoders/decoders, various implementation of codes

Too strict rules (?)
3.
Is your agency already using CREX?  YES 3    NO  54

If no, is your agency planning to use CREX at some stage in the future? YES 23   NO 21

a.  For what types of data?  Indicate:

For Encoding
manual or
automatic and/or Decoding
manual or
automatic

OZONE

1

 3





 1


ALL


2

 2



1

 1 (planned)

SYNOP,METAR,SPECI,PILOT,

TEMP,CLIMAT,CLIMAT TEMP
 1





 1 (planned)

TOTAL OZONE


 2



2

 1 (currently)

RADIOLOGICAL SOUNDING 
 1





    (planned)

OZONE SOUNDING


 1





    (planned)

SYNOP, SYNOP MOBIL

 1





 1 (planned)

RADIOACTIVITY SOUNDINGS
 1





 1 (planned)

TYPHOON FORECAST

 1





 1

CLIMAT, OZONE, MONITORING
 1
1


1

 1 (planned) SYNOP, TEMP


 1





 1 (planned)

SYNOP,SHIP,PILOT,TEMP,AMDAR,

SATEM,AIREP,TAF,METAR,

SIGMET,SPECI






1

1(planned)

SYNOP,SHIP,PILOT,TEMP,SATOB,IOC FLEET




1(planned)

HYDROLOGY








1

SYNOP,PILOT,TEMP,CODAR,

CLIMAT



1
1




1(planned)

b.
List the advantages of CREX.

Close relationship to BUFR, good solution for simple needs, human readable (in recurring cases), flexible

Experience of using CREX will be helpful for migration to BUFR

Similarity of the concept of CREX and BUFR (flexibility, expandability)
CREX can prevent the proliferation of new various character codes (3)

CREX allows direct readability without various decoder

CREX does not require X25 nor TCP/IP for transmission

CREX allows data representation in commonly used units

General Code (universality)
Flexibility allowing to provide different data in different situation

Easy to use code

Flexibility of tables, can be used by not automated centres

c.
List the disadvantages of CREX.

Octal representation of flag tables, limitation for satellite data, less flexible than BUFR (?), not really readable when content varies, does not compress data, coordination of tables, coordination between data source and data recipient
CREX is not volume efficient

Transition of traditional character codes to CREX would require modifications of the existing software

Cost for renewal of existing software

Could be too long a message (2)

Lack experienced staff (training necessary)
4.
If you use or if you plan to use a BUFR or CREX decoder software:

a. On what computer platform(s) is (will be) your software running? (indicate  make/model):

SGI (5) ORIGIN (3)

SGI/CHALLENGE XL (2)

IBM, SUN (4)

DEC/VAX,DEC/ALPHA 1000

SGI/INDY, DEC/ALPHA


HP T600, SUN ULTRA (2) SPARC (2)

HP-UX

IBM 590H

CYBER 2000 U

HITACHI S-3800/480, HITACHI 3500, HITACHI 3050RX

PC (3), Mini-computers

Pentium

Pentium 200Mhz, SGI INDIGO

CRAY Y-MP 86

DIGITAL VAX 3100


DEC ALPHA 2100,4000, IBM/SP 2

b. With which operating system?  (e.g. UNIX, MS-DOS) :

UNIX (19)


UNICOS


DUNIX 4.0 D


LINUX for PC


VMS, OPEN VMS (2)


IRIX (2)/DIGITAL UNIX


SOLARIS (2)


NOS/VE


MS-DOS (5)


VOS3


Windows (2)

c. What language used by the decoder? (e.g. FORTRAN 77)

COBOL


FORTRAN 77 (15)


FORTRAN (6)

C (15)


C++ (3)


Visual C++

 
AUTOCAD

5. What data types are you not able to transmit, receive, and/or process in the alphanumeric (character) WMO Code Forms?

Satellites (2), wind profilers, ACARS


Monitoring reports of regional synoptic network


High resolution products


Forecast vertical profiles


Radar 


Radiological sounding 


Air pollution data (use internal character code)


Agrometeorological (use internal character code)

Observations and predictions of ENSO, Developing anomalies, ITCZ data, Soil hydrological bilan


Pictorial information


None (6)


Advisories, Forecasts


Aeronautical data and information


No problems (2)


Some aircraft and radiation data


Measured data from automatic station

6.
What types of data do you think are good candidates for representation and exchange in CREX ?

OZONE (2)


ALL


In theory, most data types, but not satellite, not varying observation (not SYNOP?)


Monitoring reports of regional synoptic network, SYNOP (4)


Surface observations(2), Upper-level sounding, Hydrology, Ozone, etc..

 
Especially the data for which the WMO character codes do not exist, e.g. ozone data, radiological sounding data, air-pollution data, agrometeorological data


Atmospheric CO2, Tropospheric stability indeces, some GRIB parameters(?) 


Automatic weather station data reporting at intervals shorter than 1 hour


Data presently being transmitted in BUFR for sometime till all GDPS Centres have the capability to receive and decode BUFR data.


Advisories, Forecasts


Automated weather station’s data (e.g. precipitation intensity)


SHIP, PILOT (2), TEMP(2), SATOB


Climatic data


Measured data from automatic sensors

7.
What codes do you think are good candidates for transition to CREX?

SYNOP (7) Easier to plot with station position as part of the code.  It must be possible to plot manually because computers can fail at critical times,

TEMP (3)


No existing codes, only new data types which cannot be put in BUFR


SHIP (2), PILOT


Ozone codes, some WMO Codes BUT NOT METAR, SPECI, TAF, SYNOP & TEMP


Common used FM Codes


ARFOR,WAVEOB,CLIMAT,SATOB


All character codes


Data from automatic measurement


All alphanumeric codes


HYDRO, CLIMAT  (2)

8.
What types of data do you think are good candidates for representation and exchange in BUFR?

All types of data. (2)

Products of numerical models


Surface observation, Upper-level sounding, Satellite sounding, Hydrology, Ozone, etc…

Data that cannot be represented in character formats (e.g. radar data), upper-air sounding data and gradually all observational data


FM codes commonly used by forecast models


Satellite data


Data with high temporal resolution


Observations, SYNOP (3), TEMP (2)


High resolution satellite derived products and automated aircraft reports.


All, especially satellite data


Automated weather station’s data (e.g. precipitation intensity)

 
Weather RADAR


All data observed automatically


Must be investigated thoroughly and tested with real data


Upper-air data


RADAR, Satellite data


PILOT


SHIP, HYDRO, CLIMAT

9.
What codes do you think are good candidates for transition to BUFR?


In the short term SATOB.  In the long term all types of data.  Training will be necessary to explain BUFR.  Free exchange of software.


FM 47 GRID

SYNOP (3),  SHIP, BUOY, PILOT, TEMP (3), BATHY, TESAC, SATEM (2),

SATOB (2)

All actually used character codes for representation of observational data

FM codes commonly used by forecast models

Satellite data

BUOY, AMDAR

All codes

All data observed automatically

Must be investigated thoroughly and tested with real data


All alphanumeric codes and CREX

ANNEX TO PARAGRAPH 8

PROPOSAL FOR A MIGRATION STRATEGY

1.
CBS Ext. 98 stated that: “The Commission agreed that the lack of a standard software interface for the binary data formats hampered the migration to BUFR code.  It agreed that the wider use of the table driven formats depended upon development of widely available, easy to use software.”  It is obvious that the development, the free distribution and free maintenance of integrated standard universal BUFR, CREX and GRIB encoders/decoders, for most common operating systems and languages, would have permitted an easier migration to table driven codes.  The ideas expressed below in this document are based on the assumption that the free distribution and maintenance of such packages will be planned and implemented in tandem with these proposals.

Preliminary analysis of requirements for observational data
2.
There are presently fifteen GDPS Centres running an operational Global Model (Sao Paolo-INPE- Brazil, Montreal- Canada, Washington-USA, Bracknell-UK, ECMWF, Toulouse-France, Offenbach-Germany, Moscow–Russia/in development, Beijing-China, Seoul-Korea, Tokyo-Japan, NCMRWF-India, Singapore, Melbourne-Australia, Pretoria-South Africa).  The required scientific expertise and the super computer power necessary to run an efficient Global Model suggests that these Centres have the means or can develop the means to process input data in binary formats.  These Centres require, in principle, all the data available (at a certain resolution) to feed their data assimilation system.  BUFR could be their input for all data types.  Climate diagnostic and prediction Centres usually work in delayed mode through INTERNET, or are within main GDPS Centres and can usually process binary data.  Centres running Numerical Weather Prediction Model normally have the capability to receive binary data, however they may also need a Regional Set of all data available in their area.

3.
A small National Meteorological Centre which receives products from the “so-called” advanced GDPS Centres normally does not require all the global data.  The usual requirements are only for the observations of the neighboring states.  The requirement may be different for aeronautical reports (METAR, SPECI, TAF, Etc..), where the demand can be intercontinental.
Transition

4.
Ultimately, all observations transmission should be performed in BUFR.  Every observation transmitted in BUFR requires data communication links for the exchange of files containing BUFR data such as X.25 or TCP/IP GTS links or possibly via INTERNET.  For the majority of GTS Centres, this stage can be reached in a short time period.  Most likely, there will always be requirements for new data to be transmitted in character code for various reasons.

5.
The conversion between BUFR and alphanumeric codes (CREX or traditional Codes) by Telecommunication Centres, in order to transfer the observations to NMCs who cannot receive binary data, will be cumbersome and difficult to implement.  Decoding is not a telecommunication function and may require quality control which is more a data processing function than a telecommunication/transport function.  A better solution is a double transmission, for a certain time period by the originator/producer of the same observations in BUFR and in traditional character format.  For example, the transmission by an NMC of WMO bulletins in both BUFR and SYNOP codes,for the same set of stations during a transition period, would be the solution.  This process should be very carefully implemented with more detailed analyses of requirements for observational data to avoid overloading GTS Centres with large number of bulletins to be relayed.

6.
It is strongly desired to switch to BUFR for exchange of all data.  The CREX equivalent image of BUFR data could be used for the translation of the message back to character format.  This would still provide the advantages of a table driven format to the user unable to receive binary data.  CREX has been made as simple as possible for human readability and usability.  It is also agreed that providing a facility to make easy the conversions between BUFR and CREX, would help the transition to a world with only binary data representation forms.  This could be a positive factor for the transition to BUFR.  The change to a transmission of data only in BUFR can be done when all the recipients can receive binary data.

7.
In the transition stage, the rules for choosing a format for the transmission of observations by the producer (or NMC) should be:

(i)
BUFR shall be used for all transmission of observations whenever possible;

(ii)
if BUFR cannot be used because there is no appropriate telecommunication line or satellite link from the NMC or from the platform to the RDBC, or there is no appropriate hardware (the lack of software should no longer be an argument), or the direct user (within the Region, not in that case the RDBC) of the data cannot receive or process BUFR data, then a traditional WMO alphanumeric code shall be used;

(iii)
if there is no existing WMO alphanumeric code corresponding to the observations or there would be an expansion required to the WMO alphanumeric code for new observed parameters, the CREX code shall be used.

Application oriented data flow analysis

8.
In fact, a better data management approach would be to find out if the producer can transmit binary data, then if all the potential users of the data are able or not to receive and process binary data.  If they are, there is no need to also transmit in traditional alphanumeric codes.  A survey, performed under the OPAG on ISS, should be able to link the migration strategy with the data flow (from producer to the end user at the application function) within the World Weather Watch, linking the production of observations to the meteorological applications.  Is the universal store and forward system really necessary for all meteorological observations?  Surely, the principle of universal access to meteorological data, within the Resolution 40 frame, has to be offered and preserved, but not necessarily by the use of the "store and forward" system.  One could design data banks (DATA BASES) by type or by region, and selective predefined transmission/concentration.  Then a limited set of files would be systematically forwarded to other Data Banks.  A real time request-reply system could be implemented to satisfy the remaining limited required data flows.

9.
An application oriented data flow analysis, tracing the data from observations to application processing, will determine if the dissemination in character codes is required by all countries for all data types presently transmitted in alphanumeric codes.  To be successful, a change of codes for data transmission has to be undertaken after a thorough data management analysis.  Why are WMO data exchanged and what for?  The old scheme of meteorological observations distributed universally, which was the principles and the purpose in the sixties, when the GTS was developed, is no more true and a serious data flow analysis has to be performed.  However, the principle of universal access to WMO data has to be maintained.  And a new system may even improve it.

10.
For example, many satellite data are already transmitted in BUFR.  It is a necessity because these data are bulky and quite new, requiring many new parameters that only the BUFR tables can accommodate.  For these data the users and the related applications related are limited and only a handful of Centres use these data.  The same logic applies to ACARS, RADAR or profiler data.  A subset of some ACARS and profiler data are also transmitted in parallel in alphanumeric AIREP and PILOT formats.

New Scheme

11.
From those considerations emerges a pattern where traditional alphanumeric codes are required only within the same Region (or at the border across Regions for neighbor States).  The data flow for traditional alphanumeric codes should be a concentration to a Regional or Inter-Regional Data Bank, located in a main GDPS Centre.  The Regional Data Bank Centre (RDBC) would decode and perform the standard quality control and transform the data into BUFR.  Of course, such functions would have to be trusted by the other GDPS Centres, who would expect the best set of observations from the RDBC.  Then only a limited set of files containing the information of the area of responsability of the RDBC would be systematically forwarded to other RDBCs for further down systematic transmission for operational applications.  Other Centres (from the Region - it might be Centres running NWP models, or from other Regions), needing special information would send a request to the RDBC concerned.  The reply would be performed by TCP/IP file exchange.  The requesting Centre would receive a file of BUFR reports.

12.
The data flow for acquisition of observations would appear then as a set of star type regional networks, the stars being the RDBCs.  The RDBCs would be connected between each other by Very High Speed Connections via an improved GTS.  The RDBCs may also provide an INTERNET access, playing a backup-role and offering access to any NMC in the World connected on INTERNET.  Request reply would be performed on priority between RDBCs themselves, but NMCs or RSMCs could also performed request-reply via the GTS, or via INTERNET.  Data could be provided in BUFR or on demand in CREX format (for small enough data sets).  It is important to separate the mere transport functions from the application functions (the latter comprising the data decoding, the storage, the data processing, the products generation and the archiving).  It is also the applications requirements which determine the set of observations to be performed.

13.
The monitoring of the data acquisition would then be the responsibility of the RDBCs, and only over their respective Region.  There would be no more need for store and forward directories for the observations bulletins, and mistake in updating of directories.  Only a list of expected data in the RDBC.  There would be a regional concentration following the national concentrations, then a limited forwarding of files to other RDBCs, who then will send a limited set of files to RSMCs and NMCs.  With that scheme, it would be possible that within some region, e.g. RA VI all the data could be exchanged and processed in BUFR.  Every NMC being able to receive and decode BUFR data.  While in other regions traditional WMO alphanumeric Codes or CREX codes will be exchanged.  That sheme would have an impact on the GTS functions (defined in the GTS Manual) and the GDPS functions (defined in the GDPS Manual).

ANNEX TO PARAGRAPH 9

Procedures for amendment to the Manual on Codes
1.
General Validation and Implementation Procedures
1.1
Amendments to the Manual on Codes must be proposed in writing.  The proposal shall specify the needs, purposes and requirements and include information on a contact point for technical matters.

1.2
The ITC/DR&C*, supported by the Secretariat, shall validate the stated requirements and develop a draft recommendation to respond to the requirements as appropriate.

1.3
A draft recommendation developed by the ICT/DR&C must be endorsed by the Chairperson of OPAG/ISS prior to its consideration by CBS which subsequently submits it for approval to the Executive Council.  Draft recommendations must have followed the procedures described in the paragraph 5.4.31 of the abridged final report of CBS-Ext.(94) before being submitted to a CBS session.  These procedures are given in section 4 below.  During inter-sessional periods, the "fast track" mechanism, prescribed in the section 2 below, is used to ensure the necessary flexibility in responding to urgent requirements of users.

1.4
Updates of the Manual on Codes shall be issued as supplements only once a year in August, and include all changes implemented since the previous update and those approved for implementation on the first Wednesday following the first of November.

2.
Fast Track mechanism for Validation and Implementation
2.1
Fast track mechanism shall be used in inter-sessional periods of CBS for additions to Tables A, B, and D in BUFR or CREX, with associated code tables or flag tables, to Tables 0, 2, and 3 in GRIB Edition 1, to common tables related to character codes, e.g. radiosonde entries, and to other simple additional table entries in character codes.

2.2
Draft recommendations developed by the ICT/DR&C must follow the validation procedures described in 4.1, 4.2 and 4.3 and must be endorsed by the Chairperson of OPAG/ISS, the president of CBS on behalf of the Commission and approved by the President of WMO on behalf of the EC.  However, the filling of reserved and unused entries in the existing code and flag tables are considered editorial adjustments and will be effected by the Secretary-General in consultation with the president of CBS.

2.3
Implementation of amendments approved through the fast track shall normally be limited to one per year and the implementation date should be fixed as the first Wednesday following the first of November.  If the Chairpersons of ICT/DR&C and OPAG/ISS agree that an exceptional situation exists, a second fast track implementation can be initiated.

2.4
WMO Members shall be notified of amendments approved through the fast track timely enough to allow a period at least three months between the receipt of the notification and the date of implementation.

3.
Procedures for correction of existing entries in the BUFR and CREX tables
3.1
If an erroneous specification of an entry is found in the BUFR or CREX table, a new descriptor should normally be added to the table through the fast track procedures and used instead of the old one for encoding (especially if it concerns the data width).  An appropriate explanation shall be added to the notes of the table to clarify the practice along with the date of the change.

3.2
This situation is considered an editorial adjustment according to 2.2.

4.
Validation Procedures with respect to proposed changes to WMO codes and data representation forms

4.1
The need for, and the purpose of, the proposed changes should be fully documented;

4.2
This documentation must include the results of non‑operational testing of the changes as described below;

4.3
For new or modified WMO code and data representation forms, proposed changes should be tested by the use of at least two independently developed encoders and two independently developed decoders which incorporated the proposed change.  Where the data originated from a necessarily unique source (for example the data stream from an experimental satellite), the successful testing of a single encoder with at least two independent decoders would be considered adequate.  Results should be made available to the ICT/DR&C with a view to verifying the technical specifications;

4.4
Draft recommendations to be submitted to CBS sessions must be published as pre-session documents at least three months prior to the session.

_____________

ANNEX TO PARAGRAPH 2.1.8

FM 92-XII GRIB - General Regularly-distributed Information in Binary form

CODE FORM:
SECTION 0
Indicator Section
SECTION 1
Identification Section
SECTION 2
(Local Use Section) 





}










}

SECTION 3
Grid Definition Section



}

}








}

}

SECTION 4
Product Definition Section
}

}

}






}

}

} (repeated)

SECTION 5
Data Representation Section 
}

} (repeated)
}






} (repeated)
}

}

SECTION 6
Bit-map Section


}

}

}






}

}

}

SECTION 7
Data Section


}

}

}
SECTION 8
End Section
Notes:
(1)
GRIB is the name of a data representation form for general regularly-distributed information in binary.

(2)
Data encoded in GRIB consists of a continuous bit-stream made of a sequence of octets (1 octet = 8 bits).

(3)
The octets of a GRIB message are grouped into sections:

Section
Section



Section  

Number
Name



Contents
    0
Indicator Section


“GRIB”, Discipline, GRIB edition number, length of message

    1
Identification Section

Length of section, section number, characteristics that apply to all processed data in the GRIB message

    2
Local Use Section

Length of section, section number, additional items for local use by


(optional)


originating centres

    3
Grid Definition Section

Length of section, section number, geometry of values within the plane described by the two fixed coordinates

    4
Product Definition Section

Length of section, section number, description of the data that follows, including the two fixed coordinates

    5
Data Representation Section
Length of section, section number, description of how the data that follows is represented

    6
Bit-map Section


Length of section, section number, indication of presence or absence of data at each of the grid points, as applicable

    7
Data Section


Length of section, section number, data values

    8
End Section


“7777"

(4) Sequences of GRIB sections 2 to 7, sections 3 to 7 or sections 4 to 7 may be repeated within a single GRIB message.  All sections within such repeated sequences must be present and shall appear in the numerical order noted above.  Unrepeated sections remain in effect until redefined.

(5) It will be noted that the GRIB code is not suitable for visual data recognition without computer interpretation.

(6) The representation of data by means of series of bits is independent of any particular machine representation.

(7) Message and section lengths are expressed in octets. Octets are numbered 1, 2, 3, etc., starting at the beginning of each section.  Therefore, octet numbers in a template refer to the respective section.

(8) Bit positions within octets are referred to as bit 1 to bit 8, where bit 1 is the most significant and bit 8 is the least significant.  Thus, an octet with only bit 8 set to 1 would have the integer value 1.

(9) As used in "GRIB",  “International Alphabet No. 5" is regarded as an 8-bit alphabet with bit 1 set to zero.

(10)
IEEE single-precision floating-point representation is:


s AAAAAAA ABBBBBBB BBBBBBBB BBBBBBBB


Where:
s is the sign bit, where 0 means positive and 1 means negative



A.... A is an 8-bit integer representing the biased exponent



B.... B is a 23-bit integer representing the significant

REGULATIONS:
92.1
General
92.1.1 
The GRIB code shall be used for the exchange and storage of general regularly-distributed information expressed in binary form.

92.1.2
The beginning and the end of the code shall be identified by 4 octets coded according to the International Alphabet No. 5 to represent the indicators "GRIB" and "7777" in Indicator Section 0 and End Section 8, respectively.  All other octets included in the code shall represent data in binary form.

92.1.3
Each section included in the code shall always end on an octet boundary.  This rule shall be applied by appending bits set to zero to the section where necessary.

92.1.4
All bits set to “1" for any value indicates that value is missing.  This rule shall not apply to packed data.

92.1.5
If applicable, negative values shall be indicated by setting the most significant bit to “1”.

92.1.6
Latitude, longitude, and angle values shall be in units of 10-6 degree.

92.1.7
The latitude values shall be limited to the range 0 to 90 degrees inclusive. Orientation shall be north latitude positive, south latitude negative.  Bit 1 is set to 1 to indicate south latitude.

92.1.8
The longitude values shall be limited to the range 0 to 360 degrees inclusive.  Orientation shall be east longitude positive, with only positive values being used.  Bit 1 is set to 1 to indicate west longitude.

92.1.9
The latitude and longitude of the first grid point and the last grid point shall always be given for regular grids.

92.1.10
Vector components at the North and South Poles shall be coded according to the following conventions.

92.1.10.1 If the resolution and component flags in section 3 (Code table 3.2) indicate that the vector components are relative to the defined grid, the vector components at the Pole shall be resolved relative to the grid.

92.1.10.2 Otherwise, for projections where there are multiple points at a given pole, the U and V components shall be resolved as if measured an infinitesimal distance from the Pole at the longitude corresponding to each grid point.  At the North Pole, the U component at a grid point with longitude L shall be resolved along the meridian 90 degrees East of L, and the V component along the meridian 180 degrees from L.  At the south Pole, the U component at a grid point with longitude L shall be resolved along the meridian 90 degrees East of L, and the V component shall be resolved along L.

92.1.10.3 Otherwise, if there is only one Pole point, either on a cylindrical projection with all but one point deleted, or on any projection (such as polar stereographic) where the Pole maps to a unique point, the U and V components shall be resolved along longitudes 90W and 0 respectively at the North Pole and along longitudes 90W and 180 respectively at the South Pole.


Note: 
(1) This differs from the treatment of the Poles in the WMO traditional alphanumeric codes.

92.1.11
The first and last grid points shall not necessarily correspond to the first and last data points, respectively, if the bit-map is used.

92.2
Section 0 - Indicator Section
92.2.1
Section 0 shall always be 16 octets long.

92.2.2
The first four octets shall always be character coded according to the International Alphabet No. 5 as "GRIB".

92.2.3
The remainder of the section shall contain reserved octets, followed by the Discipline, the GRIB edition number, and the length of the entire GRIB message (including the Indicator Section).

92.3
Section 1 - Identification Section
92.3.1
The length of the section, in units of octets, shall be expressed over the group of the first four octets, i.e., over the first 32 bits.

92.3.2
The section number shall be expressed in the fifth octet.

92.3.3
Octets beyond 21 are reserved for future use and need not be present.

92.4
Section 2 - Local Use Section
92.4.1
Regulations 92.3.1 and 92.3.2 shall apply.

92.4.2
Section 2 is optional.

92.5
Section 3 - Grid Definition Section
92.5.1
Regulations 92.3.1 and 92.3.2 shall apply.

92.6
Section 4 - Product Definition Section
92.6.1
Regulations 92.3.1 and 92.3.2 shall apply.

92.7
Section 5 - Data Representation Section
92.7.1
Regulations 92.3.1 and 92.3.2 shall apply.

92.8
Section 6 - Bit-map Section
92.8.1
Regulations 92.3.1 and 92.3.2 shall apply.

92.9
Section 7 - Data Section
92.9.1
Regulations 92.3.1 and 92.3.2 shall apply.

92.9.2
Data shall be coded using the minimum number of bits necessary to provide the accuracy required by international agreement.  This required accuracy/precision shall be achieved by scaling the data by multiplication by an appropriate power of 10 (which may be 0) after forming the non-negative differences, and then using the binary scaling to select the precision of the transmitted value.

92.9.3
The data shall be packed by the method identified in Section 5.

92.9.4 Data shall be coded in the form of non-negative scaled differences from a reference value of the whole field plus, if applicable, a local reference value.

NOTES:

(1) 
A reference value is normally the minimum value of the data set which is represented.
(2) 
The basic concept of complex packing is a splitting of the field values into groups, which share common descriptors, by removal of local reference values (such as local means).  It is intended to reduce data size, though with some overhead due to extra descriptors.

(3) 
The original data value Y (in the units of code table 4.2) can be recovered with the formula:



Y = R + ((X1+X2) * 10D * 2E)


For complex packing schemes,



E   = Binary scale factor,



D   = Decimal scale factor



R   = Reference value of the whole field,



X1 = Reference value (scaled integer) of the group the data value belongs to,



X2 = Positive increment binary value associated with the original scaled value.


For simple packing, E, D, and R are as above, but



X1 = 0,



X2 = Scaled (encoded) value.

92.10
Section 8 - End Section
92.10.1
The end section shall always be 4 octets long, character, character coded according to the International Alphabet No. 5 as "7777".

SPECIFICATION OF OCTET CONTENTS

SECTION 0 - INDICATOR SECTION

Octet No.
Contents

    1-4

“GRIB” (coded according to the International Alphabet No. 5.)

    5-6

Reserved

     7

Discipline - GRIB Master Table Number (see Code Table 0.0)

     8

GRIB Edition Number (currently 2)

   9-16

Total length of GRIB message in octets (including Section 0)

SECTION 1 - IDENTIFICATION SECTION
Octet No.
Contents

1-4

Length of section in octets (21 or nn)

5

Number of section (“1”)

6-7

Identification of originating/generating centre (see Common Code Table C-1)

8-9

Identification of originating/generating sub-centre (allocated by originating/generating center)

10 GRIB Master Tables Version Number (see Code Table 1.0)

11 GRIB Local Tables Version Number (see Code Table 1.1)

12

Significance of Reference Time (see Code Table 1.2)

13-14

Year (4 digits)

|

15

Month


|

16

Day


| Reference time of data

17

Hour


|

18

Minute


|

19

Second


|

20

Production status of processed data in this GRIB message (see Code Table 1.3)

21

Type of processed data in this GRIB message (see Code Table 1.4)

22 - nn

Reserved: need not be present

SECTION 2 - LOCAL SECTION USE 

Octet No.
Contents

    1-4

Length of section in octets (nn)

      5

Number of section (“2”)

   6-nn

Local use

SECTION 3 - GRID DEFINITION SECTION
Octet No.
Contents

    1-4

Length of section in octets (nn)

      5

Number of section (“3”)

      6 

Source of grid definition (see Code Table 3.0 and Note 1)

    7-10

Number of data points

   11-12

Grid Definition Template Number (see Code Table 3.1)

   13-nn

Grid Definition Template (see Template 3.x, where x is the Grid Definition Template Number

given in 
octets 11-12)

Note:
(1) If octet 6 is not zero, octets beyond 10 may not be supplied.

SECTION 4 - PRODUCT DEFINITION SECTION
Octet No.
Contents

    1-4

Length of section in octets (nn)

      5

Number of section (“4”)

    6-7

Product Definition Template Number (see Code Table 4.0)

    8-nn

Product Definition Template (see Template 4.x, where x is the Product Definition Template



Number 
given in octets 6-7.
SECTION 5 - DATA REPRESENTATION SECTION
Octet No.
Contents

    1-4

Length of section in octets (nn)

      5

Number of section (“5”)

    6-9

Number of actual data points where one or more values are specified in Section 7.

  10-11

Data Representation Template Number (see Code Table 5.0)

  12-nn

Data Representation Template (see Template 5.x, where x is the Data Representation 


Template Number given in octets 10-11) 

SECTION 6 - BIT-MAP SECTION
Octet No.
Contents

    1-4

Length of section in octets (nn)

      5

Number of section (“6”)

      6

Bit-map indicator (see Code Table 6.0 and Note (1))

    7-nn

Bit-map

Note:
(1) If octet 6 is not zero, the length of the Section is 6 and octets 7-nn are not present.

SECTION 7 -  DATA SECTION
Octet Number(s)
Contents

 1-4

Length of section in octets (nn)

   5

Number of section (“7”)

 6-nn

Data in a format described by Data Template 7.x, where x is the Data Representation Template number given in octets 10-11 of Section 5.

SECTION 8 - END SECTION
Octet No.
Contents

    1-4

"7777" (coded according to the International Alphabet No. 5.)

TEMPLATE DEFINITIONS

TEMPLATE DEFINITIONS USED IN SECTION 3

Grid Definition Template 3.0: 
Latitude/longitude (or equidistant cylindrical, or Plate Carree)
Octet Number(s)

Contents

         13

Shape of the earth (see Code Table 3.2)

         14

Scale factor of radius of spherical earth

       15-18

Scaled value of radius of spherical earth

         19

Scale factor of major axis of oblate spheroid earth

       20-23

Scaled value of major axis of oblate spheroid earth

         24

Scale factor of minor axis of oblate spheroid earth

       25-28

Scaled value of minor axis of oblate spheroid earth

       29-32

Ni - number of points along a parallel

       33-36

Nj - number of points along a meridian

       37-40

La1 - latitude of first grid point

       41-44

Lo1 - longitude of first grid point

         45

Resolution and component flags (see Flag Table 3.3)

      46-49

La2 - latitude of last grid point

      50-53

Lo2 - longitude of last grid point

      54-57

Di - i direction increment (see Note (1))

      58-61

Dj - j direction increment (see Note (1))

         62

Scanning mode (flags - see Flag Table 3.4)

Note:

(1) 
Direction increments are in units of 10-6 degrees.

Grid Definition Template 3.1: 
Rotated Latitude/longitude (or equidistant cylindrical, or Plate Carree)
Octet Number(s)

Contents

      13-62

Same as Grid Definition Template 3.0

      63-66

Latitude of the southern pole of projection

      67-70

Longitude of the southern pole of projection 

      71-74

Angle of rotation of projection (IEEE 32-bit floating point value)

Notes:

(1) 
Direction increments are in units of 10-6 degree.

(2) 
Three parameters define a general latitude/longitude coordinate system, formed by a general rotation of the sphere.  One choice for these parameters is:

(a)  
The geographic latitude in degrees of the southern pole of the coordinate system, Thetap for example.

(b) 
The geographic longitude in degrees of the southern pole of the coordinate system, Lambdap for example.

(c)  
The angle of rotation in degrees about the new polar axis (measured clockwise when looking from the southern to the northern pole) of the coordinate system, assuming the new axis to have been obtained by first rotating the sphere through Lambdap degrees about the geographic polar axis, and then rotating through (90 = Thetap) degrees so that the southern pole moved along the (previously rotated) Greenwich meridian.

Grid Definition Template 3.2: 
Stretched Latitude/longitude (or equidistant cylindrical, or Plate Carree)
Octet Number(s)

Contents

      13-62

Same as Grid Definition Template 3.0

      63-66

Latitude of the pole of stretching  

      67-70

Longitude of the pole of stretching 

      71-74

Stretching factor (IEEE 32-bit floating point value)

Notes:

(1) Direction increments are in units of 10-6 degree.

(2) The stretching is defined by three parameters:


(a) 
The latitude in degrees (measured in the model coordinate system) of the “pole of stretching”;

(b) The longitude in degrees (measured in the model coordinate system) of the “pole of stretching”; and


(c)
The stretching factor C in units of 10-6 represented as an integer.

 
The stretching is defined by representing data uniformly in a coordinate system with longitude Y and latitude X1, where:






    (1 - C2) + (1 + C2) sin X





X1 = sin-1 -----------------------------






    (1 + C2) + (1 - C2) sin X 

 
and Y and X are longitude and latitude in a coordinate system in which the “pole of stretching” is the northern pole.  C = 1 gives uniform resolution, while C > 1 give enhanced resolution around the pole of stretching.

Grid Definition Template 3.3:
Stretched and Rotated Latitude/longitude (or equidistant cylindrical, or Plate Carree)
Octet Number(s)

Contents

      13-62

Same as Grid Definition Template 3.0

      63-66

Latitude of the southern pole of projection

      67-70

Longitude of the southern pole of projection

      71-74

Angle of rotation of projection (IEEE 32-bit floating point value)

      75-78

Latitude of the pole of stretching

      79-82

Longitude of the pole of stretching

      83-86

Stretching factor (IEEE 32-bit floating point value)

Notes:

(1) 
Direction increments are in units of 10-6 degree.

(2) 
See Note (2) under Grid Definition Template 3.1 - Rotated Latitude/longitude (or equidistant cylindrical, or Plate Carree)

(3) 
See Note (2) under Grid Definition Template 3.2 - Stretched Latitude/longitude (or equidistant cylindrical, or Plate Carree)

Grid Definition Template 3.4:
Thinned Latitude/longitude (or equidistant cylindrical, or Plate Carree)
Octet Number(s)

Contents

      13-62

Same as Grid Definition Template 3.0

      63-nn

List of numbers of points in each row (nn = (Ni * 2) + 46) or column (nn = (Nj * 2) + 46)

Notes:

(1)
For data on a quasi-regular grid, in which all the rows or columns do not necessarily have the same number of grid points, either Ni (octets 29-32) or Nj (Octets 33-36) and the corresponding Di (octets 54-57) or Dj (octets 58-61) shall be coded with all bits set to 1 (missing); the actual number of points along each parallel or meridian shall be coded in 2 octets of octets 47-nn.

(2) 
A quasi-regular grid is only defined for appropriate grid scanning modes.  Either rows or columns, but not both simultaneously, may have variable numbers of points.  The first point in each row (column) shall be positioned at the meridian (parallel) indicated by octets 37-44.  The grid points shall be evenly spaced in latitude (longitude).

Grid Definition Template 3.10:
Mercator
Octet Number(s)

Contents

        13


Shape of the earth (see Code Table 3.2)

        14


Scale factor of radius of spherical earth

      15-18

Scaled value of radius of spherical earth

        19


Scale factor of major axis of oblate spheroid earth

      20-23

Scaled value of major axis of oblate spheroid earth

        24


Scale factor of minor axis of oblate spheroid earth

      25-28

Scaled value of minor axis of oblate spheroid earth

      29-32

Ni - number of points along a parallel

      33-36

Nj - number of points along a meridian

      37-40

La1 - latitude of first grid point

      41-44

Lo1 - longitude of first grid point

        45


Resolution and component flags (See Flag Table 3.3)

      46-49 

LaD - Latitude(s) at which the Mercator projection intersects the Earth (Latitude(s) where Di and Dj are specified)

      50-53

La2 - latitude of last grid point

      54-57

Lo2 - longitude of last grid point

        58


Scanning mode (flags - see Flag Table 3.4)

      59-62 

Orientation of the grid, angle between i direction on the map and the equator (see note (1))

      63-66

Di - longitudinal direction grid length (see note (2))

      67-70

Dj - latitudinal direction grid length (see note (2))

Notes:

(1) 
Limited to the range of 0 to 90 degrees; if the angle of orientation of the grid is neither 0 nor 90 degrees, Di and Dj must be equal to each other.


(2) 
Grid lengths are in units of 10-5 m, at the latitude specified by LaD.

Grid Definition Template 3.20:
Polar stereographic projection
Octet Number(s)

Contents

        13


Shape of the earth (see Code Table 3.2)

        14


Scale factor of radius of spherical earth

      15-18

Scaled value of radius of spherical earth

        19


Scale factor of major axis of oblate spheroid earth

      20-23

Scaled value of major axis of oblate spheroid earth

        24


Scale factor of minor axis of oblate spheroid earth

      25-28

Scaled value of minor axis of oblate spheroid earth

      29-32

Nx - number of points along X-axis

      33-36

Ny - number of points along Y-axis

      37-40

La1 - latitude of first grid point

      41-44

Lo1 - longitude of first grid point

        45


Resolution and component flag (See flag table 3.3 and note (1))

      46-49

LaD - Latitude where Dx and Dy are specified 

      50-53

LoV - orientation of the grid (see note (2))

      54-57

Dx - X-direction grid length (see note (3))

      58-61

Dy - Y-direction grid length (see note (3))

        62


Projection centre flag (See Flag Table 3.5)

        63


Scanning mode (See flag table 3.4)

Notes:

(1) 
The resolution flag (bit 3-4 of Flag table 3.3) is not applicable.

(2) 
LoV is the value of the meridian which is parallel to the Y-axis (or columns of the grid) along which latitude increases as the Y-coordinate increases (the orientation longitude may or may not appear on a particular grid).

(3) 
Grid length is in units of 10-5 m at the latitude specified by LaD.

(4) 
Bit 2 of the projection flag is not applicable to the polar stereographic projection.

Grid Definition Template 3.30:
Lambert conformal
Octet Number(s)

Contents

        13


Shape of the earth (see Code Table 3.2)

        14


Scale factor of radius of spherical earth

      15-18

Scaled value of radius of spherical earth

        19


Scale factor of major axis of oblate spheroid earth

      20-23

Scaled value of major axis of oblate spheroid earth

        24


Scale factor of minor axis of oblate spheroid earth

      25-28

Scaled value of minor axis of oblate spheroid earth

      29-32

Nx - number of points along the X-axis

      33-36

Ny - number of points along the Y-axis

      37-40

La1 - latitude of first grid point

      41-44

Lo1 - longitude of first grid point

        45


Resolution and component flags (See Flag Table 3.3)

      46-49

LaD - Latitude where Dx and Dy are specified

      50-53 

LoV - Longitude of meridian parallel to Y-axis along which latitude increases as the Y-coordinate increases

      54-57

Dx - X-direction grid length (see note (1))

      58-61

Dy - Y-direction grid length (see note (1))

        62


Projection centre flag (see Flag Table 3.5)

        63


Scanning mode (see Flag Table 3.4)

      64-67

Latin 1 - first latitude from the pole at which the secant cone cuts the sphere

      68-71

Latin 2 - second latitude from the pole at which the secant cone cuts the sphere

      72-75

Latitude of the southern pole of projection

      76-79

Longitude of the southern pole of projection

Notes:

(1) 
Grid lengths are in units tenths of 10-5 m, at the latitude specified by LaD.

(2)
If Latin 1 = Latin 2, then the projection is on a tangent cone.

(3)
The resolution flags (bits 3-4 of Flag Table 3.3) are not applicable

(4) 
LoV is the value of the meridian which is parallel to the Y-axis (or columns of the grid) along which latitude increases as the Y-coordinate increases (the orientation longitude may or may not appear on a particular grid).

Grid Definition Template 3.40:
Gaussian latitude/longitude

Octet Number(s)

Contents

        13


Shape of the earth (see Code Table 3.2)

        14


Scale factor of radius of spherical earth

      15-18

Scaled value of radius of spherical earth

        19


Scale factor of major axis of oblate spheroid earth

      20-23

Scaled value of major axis of oblate spheroid earth

        24


Scale factor of minor axis of oblate spheroid earth

      25-28

Scaled value of minor axis of oblate spheroid earth

      29-32

Ni - number of points along a parallel

      33-36

Nj - number of points along a meridian

      37-40

La1 - latitude of first grid point

      41-44

Lo1 - longitude of first grid point

        45


Resolution and component flags (see Flag Table 3.3)

      46-49

La2 - latitude of last grid point

      50-53

Lo2 - longitude of last grid point

      54-57

Di - i direction increment (see note (1))

      58-61

N - number of parallels between a pole and the equator (see note (2))

        62


Scanning mode (flags - see Flag Table 3.4)

Notes:

(1) 
Direction increments are in units of 10-6 degree.

(2) 
The number of parallels between a pole and the equator is used to establish the variable (Gaussian) spacing of the parallels; this value must always be given.

Grid Definition Template 3.41:
Rotated Gaussian latitude/longitude
Octet Number(s)

Contents

      13-62

Same as Grid Definition Template 3.40

      63-66

Latitude of the southern pole of projection 

      67-70

Longitude of the southern pole of projection

      71-74

Angle of rotation of projection (IEEE 32-bit floating point value)

Notes:

(1) 
Direction increments are in units of 10-6 degree.

(2) 
The number of parallels between a pole and the equator is used to establish the variable (Gaussian) spacing of the parallels; this value must always be given.

(3) 
See Note (2) under Grid Definition Template 3.1 - Rotated Latitude/longitude grid (or equidistant cylindrical, or Plate Carree)

Grid Definition Template 3.42:
Stretched Gaussian latitude/longitude

Octet Number(s)

Contents

      13-62

Same as Grid Definition Template 3.40

      63-66

Latitude of the pole of stretching

      67-70

Longitude of the pole of stretching 

      71-74

Stretching factor (IEEE 32-bit floating point value)

Notes:

(1) 
Direction increments are in units of 10-6 degree.

(2) 
The number of parallels between a pole and the equator is used to establish the variable (Gaussian) spacing of the parallels; this value must always be given.

(3) 
See Note (2) under Grid Definition Template 3.2 -Stretched Latitude/longitude (or equidistant cylindrical, or Plate Carree)

Grid Definition Template 3.43:
Stretched and rotated Gaussian latitude/longitude 

Octet Number(s)

Contents

      13-62

Same as Grid Definition Template 3.40

      63-66

Latitude of the southern pole of projection

      67-70

Longitude of the southern pole of projection 

      71-74

Angle of rotation of projection (IEEE 32-bit floating point value)

      75-78

Latitude of the pole of stretching

      79-82

Longitude of the pole of stretching

      83-86

Stretching factor (IEEE 32-bit floating point value)

Notes:

(1) 
Direction increments are in units of 10-6 degree.

(2) 
The number of parallels between a pole and the equator is used to establish the variable (Gaussian) spacing of the parallels; this value must always be given.

(3) 
See Note (2) under Grid Definition Template 3.1 -Rotated Latitude/longitude (or equidistant cylindrical, or Plate Carree)

(4) 
See Note (2) under Grid Definition Template 3.2 -Stretched Latitude/longitude (or equidistant cylindrical, or Plate Carree)

Grid Definition Template 3.50:
Spherical harmonic coefficients 

Octet Number(s)

Contents

      13-16

J - pentagonal resolution parameter

      17-20

K - pentagonal resolution parameter

      21-24

M - pentagonal resolution parameter

        25


Representation type indicating the method used to define the norm (see Code Table 3.6).

         26 


Representation mode indicating the order of the coefficients (see Code Table 3.7)

      27-30

Latitude of the southern pole of projection

      31-34

Longitude of the southern pole of projection

Notes:
(1) 
The pentagonal representation of resolution is general.  Some common truncations are special cases of the pentagonal one:



Triangular
M = J = K



Rhomboidal
K = J + M



Trapezoidal
K = J, K > M 

Grid Definition Template 3.51:
Rotated spherical harmonic coefficients 

Octet Number(s)

Contents

     13-26

Same as Grid Definition Template 3.50

     27-30 
Latitude of the southern pole of projection

     31-34

Longitude of the southern pole of projection

     35-38

Angle of rotation of projection (IEEE 32-bit floating point value)

Notes:

(1) 
See Note (1) under Grid Definition Template 3.50 - Spherical harmonic coefficients

(2) See Note (2) under Grid Definition Template 3.1 - Rotated Latitude/longitude grid (or equidistant cylindrical, or Plate Carree)

Grid Definition Template 3.52:
Stretched spherical harmonic coefficients  

Octet Number(s)

Contents

     13-26

Same as Grid Definition Template 3.50

     27-30

Latitude of the pole of stretching 

     31-34

Longitude of the pole of stretching 

     35-38

Stretching factor (IEEE 32-bit floating point value)

Notes:

(1) 
See Note (1) under Grid Definition Template 3.50 - Spherical harmonic coefficients

(2) 
See Note (2) under Grid Definition Template 3.20 - Stretched Latitude/longitude grid (or equidistant cylindrical, or Plate Carree)

Grid Definition Template 3.53:
Stretched and rotated spherical harmonic coefficients 

Octet Number(s)

Contents

     13-26

Same as Grid Definition Template 3.50

      27-30

Latitude of the southern pole of projection 

      31-34

Longitude of the southern pole of projection

      35-38

Angle of rotation of projection (IEEE 32-bit floating point value)

      39-42

Latitude of pole of stretching 

      43-46

Longitude of pole of stretching 

      47-50

Stretching factor (IEEE 32-bit floating point value)

Notes:
(1) 
See Note (1) under Grid Definition Template 3.50 - Spherical harmonic coefficients

(2) 
See Note (2) under Grid Definition Template 3.1 -Rotated Latitude/longitude (or equidistant cylindrical, or Plate Carree)

(3) 
See Note (2) under Grid Definition Template 3.2 -Stretched Latitude/longitude (or equidistant cylindrical, or Plate Carree)

Grid Definition Template 3.90:
Space view perspective or orthographic 
Octet Number(s)

Contents

        13


Shape of the earth (see Code Table 3.2)

        14


Scale factor of radius of spherical earth

      15-18

Scaled value of radius of spherical earth

        19


Scale factor of major axis of oblate spheroid earth

      20-23

Scaled value of major axis of oblate spheroid earth

        24


Scale factor of minor axis of oblate spheroid earth

      25-28

Scaled value of minor axis of oblate spheroid earth

      29-32

Nx - number of points along X-axis (columns)

      33-36

Ny - number of points along Y-axis (rows or lines)

      37-40

Lap - latitude of sub-satellite point 

      41-44

Lop - longitude of sub-satellite point 

        45


Resolution and component flags (see Code Table 3.3)

      46-49

dx - apparent diameter of Earth in grid lengths, in X-direction

      50-53

dy - apparent diameter of Earth in grid lengths, in Y-direction

      54-57 

Xp - X-coordinate of sub-satellite point (in units of 10-3 grid length expressed as an integer)

      58-61 

Yp - Y-coordinate of sub-satellite point (in units of 10-3 grid length expressed as an integer)

        62


Scanning mode (flags - see Flag Table 3.4)

      63-66 

Orientation of the grid; i.e., the angle between the increasing Y-axis and the meridian of the sub-satellite point in the direction of increasing latitude (see Note (3))

      67-70 

Nr - altitude of the camera from the Earth’s centre, measured in units of the Earth’s (equatorial) radius (see Notes (4) and (5))

      71-74

Xo - X-coordinate of origin of sector image

      75-78

Yo - Y-coordinate of origin of sector image

Notes:

(1)
It is assumed that the satellite is at its nominal position, i.e., it is looking directly at its sub-satellite point.

(2)
Octets 46-49 shall be set to all ones (missing) to indicate the orthographic view (from infinite distance)

(3) 
It is the angle between the increasing Y-axis and the meridian 180oE if the sub-satellite point is the North Pole; or the meridian 0o if the sub-satellite point is the South Pole.

(4)
The apparent angular size of the Earth will be given by 2 * Arcsin (1/Nr).

(5) For orthographic view from infinite distance, the value of Nr should be encoded as missing (all bits set to 1).

(6) The horizontal and vertical angular resolutions of the sensor (Rx and Ry), needed for navigation equation, can be calculated from the following:






Rx = 2 * Arcsin (1/Nr) / dx






Ry = 2 * Arcsin (1/Nr) / dy

Grid Definition Template 3.100: 
Triangular grid based on an icosahedron 
Octet Number(s)

Contents

        13


n2 - exponent of 2 for the number of intervals on main triangle sides

        14


n3 - exponent of 3 for the number of intervals on main triangle sides

      15-16

ni - number of intervals on main triangle sides of the icosahedron

        17


nd - Number of diamonds

      18-21

Latitude of the pole point of the icosahedron on the sphere 

      22-25

Longitude of the pole point of the icosahedron on the sphere 

      26-29

Longitude of the center line of the first diamond of the icosahedron on the sphere 

        30


Grid point position (see Code table 3.8)

        31


Numbering order of diamonds (flag - see Flag table 3.9)

        32


Scanning mode for one diamond (flags - see Flag table 3.10)

      33-36

nt - total number of grid points

Notes:

(1) 
For more details see appendix II to the Manual of Codes, Vol. I, Part B- definition of the triangular grid based on an icosahedron

(2) 
The origin of the grid is an icosahedron with 20 triangles and 12 vertices.  The triangles are combined to nd 
quadrangles, the so-called diamonds  (e.g. if nd = 10, two of the icosahedron triangles form a diamond, and if nd = 5, 4 icosahedron triangles form a diamond).  There are two resolution values called n2 and n3 describing the division of each triangle side.  Each triangle side is divided into ni equal parts where ni = 3**n3 * 2**n2 with n3 either equal to 0 or to 1. In the example of appendix II, the numbering order of the rectangles is anti-clockwise with a view from the pole point on both hemispheres. Diamonds 1 to 5 are northern hemisphere and diamonds 6 to 10 are Southern Hemisphere.

(3) 
The exponent of 3 for the number of divisions of triangle sides is used only with a value of either 0 or 1.

(4) 
The total number of grid points for one global field depends on the grid point position. If e.g. the grid points are located at the vertices of the triangles nt = (ni + 1) * (ni + 1) * nd since grid points at diamond edges are contained in both adjacent diamonds and for the same reason the pole points are contained in each of the five adjacent diamonds.

Grid Definition Template 3.110:
Equatorial azimuthal equidistant projection  
Octet Number(s)

Contents

        13


Shape of the earth (see Code Table 3.2)

        14


Scale factor of radius of spherical earth

      15-18

Scaled value of radius of spherical earth

        19


Scale factor of major axis of oblate spheroid earth

      20-23

Scaled value of major axis of oblate spheroid earth

        24


Scale factor of minor axis of oblate spheroid earth

      25-28

Scaled value of minor axis of oblate spheroid earth

      29-32

Nx - number of points along X-axis

      33-36

Ny - number of points along Y-axis

      37-40

La1 - latitude of tangency point (center of grid)

      41-44

Lo1 - longitude of tangency point 

         45


Resolution and component flag (see flag table 3.3)

      46-49

Dx - X-direction grid length in units of 10-5 m as measured at the point of the axis

      50-53

Dy - Y-direction grid length in units of 10-5 m as measured at the point of the axis

         54


Projection center flag

         55


Scanning mode (see flag table 3.4)
Grid Definition Template 3.120:
Azimuth-range projection 
Octet Number(s)

Contents

      13-16

Nb - number of data bins along radials (see Note (1))

      17-20

Nr - number of radials

      21-24

La1 - latitude of center point 

      25-28

Lo1 - longitude of center point

      29-32

Dx - spacing of bins along radials

      33-36

Dstart - offset from origin to inner bound

37 - (31+4Nr)

For each of Nr radials:

(31+4(Nr-1)) - (32+4(Nr-1)) Azi - starting azimuth, degree x 10 (degrees as north)

(33+4(Nr-1)) - (34+4(Nr-1)) Adelta - azimuthal width, degrees x 100, (+ clockwise, - counterclockwise)

Note:  

(1) 
A data bin is a data point representing the volume centered on it.

TEMPLATE DEFINITIONS USED IN SECTION 4 
Product Definition Template 4.0:

Analysis or forecast at a horizontal level or in a horizontal layer at a point in time
Octet Number(s)

Contents

          8

Parameter category (see Code Table 4.1).

          9

Parameter number (see Code Table 4.2).

        10

Type of generating process (see Code Table 4.3) 

        11

Background generating process identifier (defined by originating center)

        12

Analysis or forecast generating processes identifier (defined by originating center)

      13-14
Hours of observational data cutoff after reference time (See note (1)) 

        15

Minutes of observational data cutoff after reference time

        16

Indicator of unit of time range (see Code Table 4.4)

      17-20
Forecast time in units defined by octet 16

        21

Type of first fixed surface (see Code Table 4.5)

        22

Scale factor of first fixed surface

      23-26
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.1:

Individual ensemble forecast, control and perturbed, at a horizontal level or in a horizontal layer at a point in time 

Octet Number(s)

Contents

          8 

Parameter category (see Code Table 4.1)

          9

Parameter number (see Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Background generating process identifier (defined by originating center)

        12
 
Forecast generating process identifier (defined by originating center)

      13-14 
Hours after reference time of data cutoff  (see note (1))

        15    
Minutes after reference time of data cutoff

        16

Indicator of unit of time range (See Code Table 4.4)

      17-20
Forecast time in units defined by octet 16

        21 

Type of first fixed surface (see Code Table 4.5)

        22  

Scale factor of first fixed surface

      23-26 
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface 

        33

Type of ensemble forecast (see Code Table 4.6)

        34

Perturbation number

        35

Number of forecasts in ensemble

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.2:Derived forecast based on all ensemble members at a horizontal level or in a horizontal layer at a point in time 
Octet Number(s)

Contents

          8


Parameter category (see Code Table 4.1)

          9


Parameter number (see Code Table 4.2)

        10


Type of generating process (see Code Table 4.3)

        11


Background generating process identifier (defined by originating center)

        12
 

Forecast generating process identifier (defined by originating center)

      13-14

Hours after reference time of data cutoff  (see note (1))

        15


Minutes after reference time of data cutoff

        16


Indicator of unit of time range (See Code Table 4.4)

      17-20

Forecast time in units defined by octet 16

        21


Type of first fixed surface (see Code Table 4.5)

        22


Scale factor of first fixed surface

      23-26

Scaled value of first fixed surface

        27


Type of second fixed surface (see Code Table 4.5)

        28


Scale factor of second fixed surface

      29-32

Scaled value of second fixed surface

        33


Derived forecast (see Code Table 4.7)

        34


Number of forecasts in ensemble

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.3:Derived forecasts based on a cluster of ensemble members over a rectangular area at a horizontal level or in a horizontal layer at a point in time

Octet Number(s)

Contents

          8 

Parameter category (see Code Table 4.1)

          9 

Parameter number (see Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Background generating process identifier (defined by originating center)

        12

Forecast generating process identifier (defined by originating center)

      13-14
Hours after reference time of data cutoff  (see note (1))

        15

Minutes after reference time of data cutoff

        16

Indicator of unit of time range (See Code Table 4.4)

      17-20
Forecast time in units defined by octet 16

        21

Type of first fixed surface (see Code Table 4.5)

        22

Scale factor of first fixed surface

      23-26
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface

        33

Derived forecast (see Code Table 4.7)

        34

Number of forecasts in the ensemble (N)

        35

Cluster identifier

        36

Number of cluster to which the high resolution control belongs

        37

Number of cluster to which the low resolution control belongs

        38

Total number of clusters

        39

Clustering method (see Code Table 4.8)

      40-43
Northern latitude of cluster domain

      44-47
Southern latitude of cluster domain

      48-51
Eastern longitude of cluster domain

      52-55
Western longitude of cluster domain

    56-(55+N)
List of N ensemble forecast numbers

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.4:
Derived forecasts based on a cluster of ensemble members over a circular area at a horizontal level or in a horizontal layer at a point in time

Octet Number(s) 

Contents

          8 

Parameter category (see Code Table 4.1)

          9 

Parameter number (see Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Background generating process identifier (defined by originating center)

        12

Forecast generating process identifier (defined by originating center)

      13-14
Hours after reference time of data cutoff  (see note (1))

        15

Minutes after reference time of data cutoff

        16

Indicator of unit of time range (See Code Table 4.4)

      17-20
Forecast time in units defined by octet 16

        21

Type of first fixed surface (see Code Table 4.5)

        22

Scale factor of first fixed surface

      23-26
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface

        33

Derived forecast (see Code Table 4.7)

        34

Number of forecasts in the ensemble (N)

        35

Cluster identifier

        36

Number of cluster to which the high resolution control belongs

        37

Number of cluster to which the low resolution control belongs

        38

Total number of clusters

        39

Clustering method (see Code Table 4.8)

      40-43
Latitude of central point in cluster domain

      44-47
Longitude of central point in cluster domain

      48-51
Radius of cluster domain

   52-(51+N)
List of N ensemble forecast numbers

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.5:
Probability forecasts at a horizontal level or in a horizontal layer at a point in time

Octet Number(s) 

Contents

8 Parameter category (see Code Table 4.1)

9 
Parameter number (see Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Background generating process identifier (defined by originating center)

        12

Forecast generating process identifier (defined by originating center)

      13-14
Hours after reference time of data cutoff  (see note (1))

        15

Minutes after reference time of data cutoff

        16

Indicator of unit of time range (See Code Table 4.4)

      17-20
Forecast time in units defined by octet 16

        21

Type of first fixed surface (see Code Table 4.5)

        22

Scale factor of first fixed surface

      23-26
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface

        33

Forecast probability number

        34

Total number of forecast probabilities

        35

Probability type (see Code Table 4.9)

        36

Scale factor of lower limit

      37-40
Scaled value of lower limit

        41

Scale factor of upper limit

      42-45
Scaled value of upper limit

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.6:

Percentile forecasts at a horizontal level or in a horizontal layer at a point in time

Octet Number(s) 

Contents

          8

Parameter category (see Code Table 4.1)

          9 

Parameter number (see Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Background generating process identifier (defined by originating center)

        12

Forecast generating process identifier (defined by originating center)

      13-14
Hours after reference time of data cutoff  (see note (1))

        15

Minutes after reference time of data cutoff

        16

Indicator of unit of time range (See Code Table 4.4)

      17-20
Forecast time in units defined by octet 16

        21

Type of first fixed surface (see Code Table 4.5)

        22

Scale factor of first fixed surface

      23-26
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface

        33

Percentile value (from 100% to 0%)

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.7:
Analysis or forecast error at a horizontal level or in a horizontal layer at a point in time

Octet Number(s) 

Contents

          8

Parameter category (see Code Table 4.1)

          9

Parameter number (see Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Background generating process identifier (defined by originating center)

        12

Analysis or forecast generating process identifier (defined by originating center)

      13-14
Hours after reference time of data cutoff  (see note (1))

        15

Minutes after reference time of data cutoff

        16

Indicator of unit of time range (See Code Table 4.4)

      17-20
Forecast time in units defined by octet 16

        21

Type of first fixed surface (see Code Table 4.5)

        22

Scale factor of first fixed surface

      23-26
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface

Note:

(1) 
Hours greater than 65534 will be coded as 65534. 

Product Definition Template 4.8:
Average, accumulation, and/or extreme values at a horizontal level or in a horizontal layer in a continuous or non-continuous time interval
Octet Number(s)

Contents

          8 

Parameter category (see Code Table 4.1)

          9 

Parameter number (see Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Background generating process identifier (defined by originating center)

        12

Analysis or Forecast generating process identifier (defined by originating center)

      13-14
Hours after reference time of data cutoff  (see note (1))

        15

Minutes after reference time of data cutoff

        16

Indicator of unit of time range (See Code Table 4.4)

      17-20
Forecast time in units defined by octet 16 (see Note (2))

        21

Type of first fixed surface (see Code Table 4.5)

        22

Scale factor of first fixed surface

      23-26
Scaled value of first fixed surface

        27

Type of second fixed surface (see Code Table 4.5)

        28

Scale factor of second fixed surface

      29-32
Scaled value of second fixed surface

      33-34
Year

|

        35

Month

|

        36

Day

|Time of end of overall time interval

        37

Hour

|

        38

Minute

|

        39

Second

        40

n - Number of time range specifications describing the time intervals used to calculate the statistically processed field

41-44 Total number of data values missing in statistical process.

45-56 Specification or the outermost (or only) time range over which statistical processing is done

45

Statistical process used to calculate the processed field from the field at each time increment during the time range (see Code Table 4.10)

46

Type of time increment between successive fields used in the statistical processing (See Code Table 4.11)

47

Indicator of unit of time for time range over which statistical processing is done (See Code Table 4.3)

48-51

Length of the time range over which statistical processing is done, in units defined by the previous octet

52

Indicator of unit of time for the increment between the successive fields used (See Code Table 4.3)

53-56

Time increment between successive fields, in units defined by the previous octet (See note 3)

57-nn

These octets are included only if n>1, where nn = 45 + 12*n

57-68

As octets 45 to 56, next innermost step of processing

69-nn

Additional time range specifications, included in accordance with the value of n.  Contents as octets 45 to 56, repeated as necessary.

Notes:

 (1)
Hours greater than 65534 will be coded as 65534.

 (2)
The reference time in section 1 and the forecast time together define the beginning of the overall time interval.

 (3)
An increment of zero means that the statistical processing is the result of a continuous (or near continuous) process, not the processing of a number of discrete samples.  Examples of such continuous processes are the temperatures measured by analogue maximum and minimum thermometers or thermographs, and the rainfall measured by a rain gauge.

 (4)
The reference and forecast times are successively set to their initial values plus or minus the increment, as defined by the type of time increment (one of octets 46, 58, 70 ...).  For all but the innermost (last) time range, the next inner range is then processed using these reference and forecast times as the initial reference and 
forecast time.

Product Definition Template 4.20:
Radar product

Octet Number(s)

Contents

        8


Parameter category (see Code Table 4.1).

        9


Parameter number (see Code Table 4.2).

      10


Type of generating process (see Code Table 4.3)

      11


Number of radar sites used

      12


Indicator of unit of time range




   13-16


Site latitude (hundredths of degree)

   17-20


Site longitude (hundredths of degree)

   21-22


Site elevation (meters)

   23-26


Site ID (alphanumeric)

   27-28


Site ID (numeric)

      29


Operating mode (see Code Table 4.12)

      30


Reflectivity calibration constant (tenths of dB)

      31


Quality control indicator (see Code Table 4.13)

      32


Clutter filter indicator (see Code Table 4.14)

      33


Constant antenna elevation angle (tenths of degree true)

   34-35


Accumulation interval (minutes)

      36


Reference reflectivity for echo top (dB)

   37-39


Range bin spacing (m)

   40-41


Radial angular spacing (tenths of degree true)

Product Definition Template 4.30:

Satellite Product.

Octet Number(s)

Contents

          8

Parameter category (see Code Table 4.1)

          9

Parameter number (See Code Table 4.2)

        10

Type of generating process (see Code Table 4.3)

        11

Observation generating process identifier (defined by originating centers)

        12

Number of contributing bands (NB)

Repeat the following 5 values for each contributing band (nb = 1,NB)

(13+5(nb-1))
Satellite series of band nb (code table defined by originating/generating center)

(14+5(nb-1))
Satellite numbers of band nb (code table defined by originating/generating center)

(15+5(nb-1))
Instrument types of band nb (code table defined by originating/generating center)

(16+5(nb-1))
Central wavelength number of band nb

(17+5(nb-1))
Central wavelength power of 10 of band nb

Product Definition Template 4.254:
CCITTIA5 character string

Octet Number(s)

Contents

          8


Parameter category (see Code Table 4.1).

          9


Parameter number (see Code Table 4.2).

      10-13

Number of characters

TEMPLATE DEFINITIONS USED IN SECTION 5
Data Representation Template 5.0:
Grid point data - simple packing

Octet Number(s)

Contents

      12-15

Reference value (R) (IEEE 32-bit floating-point value)

      16-17

Binary scale factor (E) 

      18-19

Decimal scale factor (D) 

        20


Number of bits containing each packed value (field width)

        21
Type of original field values (see Code Table 5.1)

Data Representation Template 5.1:
Matrix values at grid point -simple packing

Octet Number(s)

Contents

      12-21

Same as Data Representation Template 5.0

        22

0, no matrix bit maps present; 1 matrix bit maps present.

      23-26

Number of data values encoded in Section 7

      27-28

NR - first dimension (rows) of each matrix.

      29-30

NC - second dimension (columns) of each matrix.

        31

First dimension coordinate value definition (Code Table 5.2)

        32

NC1 - number of coefficients or values used to specify first dimension coordinate function.

        33

Second dimension coordinate value definition (Code Table 5.2)

        34

NC2 - number of coefficients or values used to specify second dimension coordinate function

        35

First dimension physical significance (Code Table 5.3)

        36

Second dimension physical significance (Code Table 5.3)

 37-(36+NC1*4)

Coefficients to define first dimension coordinate values in functional form, or the explicit coordinate values (IEEE 32-bit floating-point value)

(37+NC1*4)- (36+4(NC1+NC2))



Coefficients to define second dimension coordinate values in functional form, or the explicit coordinate values (IEEE 32-bit floating-point value)

Notes:

(1) 
This form of representation enables a matrix of values to be depicted at each grid point; the two dimensions of the matrix may represent coordinates expressed in terms of two elemental parameters (e.g. direction and frequency for wave spectra).  The numeric values of these coordinates, beyond that of simple subscripts, can be given in a functional form, or as a collection of explicit numbers.

(2) 
Some simple coordinate functional forms are tabulated in Code Table 5.2.  Where a more complex coordinate function applies, the coordinate values shall be explicitly denoted by the inclusion of the actual set of values rather than the coefficients.  This shall be indicated by a code figure 0 from Code Table 5.2; the number of explicit values coded shall be equal to the appropriate dimension of the matrix for which values are presented and they shall follow octet 36 in place of the coefficients.

(3) 
Matrix bit maps will be present only if indicated by octet 22. If present, there shall be one bit map for each grid point with data values, as defined by the primary bit map in Section 6, each of length (NR*NC) bits: a bit set to 1 will indicate a data element at the corresponding location within the matrix.  Bit maps shall be represented end-to-end, without regard for octet boundaries; the last bit map shall, if necessary, be followed by bits set to zero to fill any partially used octet.

(4)
Matrices restricted to scanning in the +  i direction (left to right) and in the -j direction (top to bottom).

Data Representation Template 5.2:
Grid point data - complex packing
Octet Number(s)

Contents

      12-21 

Same as Data Representation Template 5.0 - Field width applying here to «group references»

        22


Basic splitting method in use (see Code Table 5.4)

        23


Use of explicit missing values (see Code Table 5.5)

      24-27

Primary missing value substitute

      28-31

Secondary missing value substitute

      32-35

NG - Number of groups of data values into which field is split

        36


Reference for widths of groups

        37 


Field width for incremental widths of groups (after removal of reference specified at previous octet) 

      38-41

Reference for lengths of groups

        42 


Field width for incremental lengths of groups (after removal of reference specified at previous octet) 

Notes:

(1) 
Group lengths have no meaning for row by row packing, where groups are coordinate lines (so the Grid Description Section and possibly the Bit-map Section are enough); for consistency associated field width and reference should then be encoded as 0.

(2) 
For row by row packing with a bit-map, there should always be as many groups as rows. In case of rows with only missing values, all associated descriptors should be coded as zero.

(3) 
Management of widths/lengths descriptors also into a reference and increments is a way to save descriptor size, which is an issue as far as compression gains are concerned.

(4) 
Management of explicitly missing values is an alternative to bit-map use within Section 6; it is intended to reduce the whole GRIB message size.

(5) 
There may be two types of missing value(s), such as to make a distinction between static misses (for instance, due to a land/sea mask) and occasional misses.

(6) 
As an extra option, substitute value(s) for missing data may be specified. If not wished (or not applicable), all bits should be set to 1 for relevant substitute value(s).

(7) 
If substitute value(s) are specified, type of content should be consistent with original field values (floating-point -and then IEEE 32-bit encoded-, or integer).

(8) 
If primary missing values are used, such values are encoded within appropriate group with all bits set to 1 at packed data level.

(9) If secondary missing values are used, such values are encoded within appropriate group with all bits set to 1, except the last one set to 0, at packed data level.

(10) 
A group containing only missing values (of either type) will be encoded as a constant group (null width, no associated data) and the group reference will have all bits set to 1 for primary type, and all bits set to 1, except the last bit set to 0, for secondary type.

(11) 
If necessary, group widths and/or field width of group references may be enlarged to avoid ambiguities between missing value indicator(s) and true data.

Data Representation Template 5.3: 
Grid point data - complex packing and spatial differencing
Octet Number(s)

Contents

      12- 42

Same as Data Representation Template 5.2

         43


Order of spatial differencing (see Code Table 5.6)

         44 


Field width of spatial differencing extra descriptors (initial values of original scaled data values -integer-, overall minimum of spatial differences)

Note:

(1) 
Spatial differencing is a preprocessing before group splitting at encoding time. It is intended for smooth enough fields to get a reduced data size when combined with a splitting scheme as described in the previous template. At order 1, f (1) is retained and scaled field values are replaced by f (2)-f (1), f (n)-f (n-1). At order 2, processing is iterated. To keep values positive in order to apply splitting scheme, the overall minimum of the resulting field is removed. At decoding time, after bit string unpacking, the original scaled values are recovered by adding the overall minimum and summing up recursively.

TEMPLATE DEFINITIONS USED IN SECTION 7
Data Template 7.0:
Grid point data - simple packing

Octet Number(s)

Contents

        6-nn

Binary data values - binary string, with each (scaled) data value

Data Template 7.1: 
Matrix values at grid point -simple packing
Octet Number(s)

Contents

        6-nn

Binary data values - binary string, with each (scaled) data value

Notes:

(1) 
Group descriptors mentioned above may not be physically present; if associated field width is 0.

(2) 
Group lengths have no meaning for row by row packing; for consistency associated field width should then be encoded as 0. So no specific test for row by row case is mandatory at decoding software level to handle encoding/decoding of group descriptors.

Data Template 7.2: 
Grid point data - complex packing
Octet Number(s)
Contents

        6-xx

Reference values of groups (X1 in decoding formula)




- NG values, encoded on field width described at octet 20 of DRT

    [xx+1]-yy

Widths increments of groups




- NG values, encoded on field width described at octet 37 of DRT

    [yy+1]-zz

Lengths increments of groups - not present for row by row splitting




- NG values, encoded on field width described at octet 42 of DRT

    [zz+1]-nn
Incremental binary data values (X2 in decoding formula) - packed binary string of groups of (deviations from group references), where field width is the group one, and so may vary from one group to another

Notes:

(1) 
Group descriptors mentioned above may not be physically present; if associated field width is 0.

(2) 
Group lengths have no meaning for row by row packing; for consistency associated field width should then be encoded as 0. So no specific test for row by row case is mandatory at decoding software level to handle encoding/decoding of group descriptors.

(3) 
For groups with a constant value, associated field width is 0, and no incremental data are physically present.

Data Template 7.3:
Grid point data - complex packing and spatial differencing
Octet Number(s)

Contents

        6-ww 

First values of original (undifferenced) scaled data values, followed by the overall minimum of differences  (To be added at decoding time to unsplit values, before the sum up which reverses the differentiation) - number of values is (order of differenciation +1); field width is described at octet 43 of DRS

    [ww+1]-xx

Reference values of groups (X1 in decoding formula)




- NG values, encoded on field width described at octet 20 of DRT 5.3

    [xx+1]-nn

Same as for DT 7.2

Notes:

(1) 
Extra descriptors related to spatial differencing are added before the splitting descriptors, to reflect the separation between the 2 approaches. It enables to share software parts between cases with and without spatial differencing.

(2) 
The position of overall minimum after initial data values is a choice that enables less software management.

(3) 
Overall minimum will be negative in most cases. First bit should indicate the sign: 0 if positive, 1 if negative.

CODE AND FLAG TABLES

CODE TABLES USED IN SECTION 0

Code Table 0.0:

Discipline of processed data in the GRIB message, number of GRIB Master Table
Code figure
Meaning

    0

Meteorological products

    1

Hydrological products

    2

Land surface products

    3

Space products

  4-9

Reserved

   10

Oceanographic products

11-191

Reserved

192-254

Reserved for local use

  255

Missing

CODE TABLES USED IN SECTION 1
Code Table 1.0:
GRIB Master Tables Version Number

Code figure
Meaning

0

Experimental

1

Initial operational version number

2-254 

future operational version numbers

255

local table used

Code Table 1.1:
GRIB Local Tables Version Number
Code figure
Meaning

0

Local tables not used

1-254

Number of local tables version used

255

Missing

Code Table 1.2:
Significance of Reference Time
Code figure
Meaning

0

Analysis

1

Start of forecast

2

Verifying time of forecast

3-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 1.3:
Production status of data
Code figure
Meaning

    0

Operational products

    1

Operational test products

    2

Research products

    3

Re-analysis products

4-191

Reserved

192-254

Reserved for local use

  255

Missing

Code Table 1.4:
Type of data
Code figure
Meaning

    0

Analysis products

    1

Forecast products

    2

Analysis and forecast products

    3

Control forecast products

    4

Perturbed forecast products

    5

Control and perturbed forecast products

    6

Processed satellite observations

    7

Processed radar observations

8-191

Reserved

192-254

Reserved for local use

  255

Missing

Note:

An initialized analysis is considered a zero-hour forecast

CODE AND FLAG TABLES USED IN SECTION 3
Code Table 3.0: 

Source of Grid Definition
Code figure
Meaning



Comments

  0

Specified in Section 3.1

  1

Predetermined grid definition 
Defined by originating centre

2-191

Reserved

192-254

Reserved for local use

255

A grid definition does not apply to this product

Code Table 3.1:   
Grid Definition Template Number
Code figure
Meaning



Comments

  0

Latitude/longitude

Also called equidistant cylindrical, or Plate Carree.

  1

Rotated latitude/longitude

  2

Stretched latitude/longitude

  3

Stretched and rotated latitude/longitude

  4

Thinned latitude/longitude 

 5-9

Reserved

 10

Mercator

 11-19

Reserved

 20

Polar stereographic

can be south or north.

 21-29

Reserved

 30

Lambert Conformal

can be secant or tangent, conical or bipolar.







(Also called Albers equal-area.)

 31-39

Reserved

 40

Gaussian latitude/longitude

 41

Rotated Gaussian latitude/longitude

 42

Stretched Gaussian latitude/longitude

 43

Stretched and rotated Gaussian latitude/longitude

 44-49

Reserved

 50

Spherical harmonic coefficients

 51

Rotated spherical harmonic coefficients

 52

Stretched spherical harmonic coefficients

 53

Stretched and rotated spherical harmonic coefficients

 54-89

Reserved

 90

Space view perspective orthographic.

 91-99

Reserved

 100

Triangular grid based on an icosahedron

101-109

Reserved

 110

Equatorial azimuthal equidistant projection

111-119

Reserved

 120

Azimuth-range projection

121- 32767
Reserved

32768-65534
Reserved for local use

65535

Missing

Code Table 3.2:

Shape of the Earth
Code figure
Meaning

    0

Earth assumed spherical with radius = 6367.47 km

    1

Earth assumed spherical with radius specified by data producer

    2

Earth assumed oblate spheroid with size as determined by IAU in 1965 (major axis = 6378.160 km, minor axis = 6356.775 km, f = 1/297.0)

    3

Earth assumed oblate spheroid with major and minor axes specified by data producer

    4-191

Reserved

192-254

Reserved for local use

255

Missing

Flag Table 3.3:

Resolution and Component Flags
   Bit

Number            Value 
Meaning

   1-2


Reserved

     3

0
i direction increments not given



1
i direction increments given

     4

0
j direction increments not given



1
j direction increments given

     5

0 
Resolved u- and v- components of vector quantities relative to easterly and northerly directions



1 
Resolved u- and v- components of vector quantities relative to the defined grid in the direction of increasing x and y (or i and j) coordinates respectively

    6-8


Reserved - set to zero

Flag Table 3.4:

Scanning Mode
   Bit

Number      Value

Meaning

     1
         0

Points of first row or column scan in the +i (+x) direction


         1

Points of first row or column scan in the -i (-x) direction

     2
         0

Points of first row or column scan in the -j (-y) direction


         1

Points of first row or column scan in the +j (+y) direction

     3
         0

Adjacent points in i (x) direction are consecutive


         1

Adjacent points in j (y) direction is consecutive

     4
         0

All rows scan in the same direction


         1

Adjacent rows scans in the opposite direction

    5-8


Reserved

Notes:

(1)
i direction: west to east along a parallel or left to right along an X-axis

(2)
j direction: south to north along a meridian, or bottom to top along a Y-axis

Flag Table 3.5: 

Projection Centre 

Bit 

Number
  Value
Meaning

   1              0 
North Pole is on the projection plane

                   1      
South Pole is on the projection plane

   2              0 
Only one projection centre is used


                   1      
Projection is bi-polar and symmetric

Code table 3.6:

Spectral data representation type
Copy from WMO #306, Vol. I.2, part B

Code table 3.7:

Spectral data representation mode
Copy from WMO #306, Vol. I.2, part B

Code table 3.8:

Grid point position
 Code

Figure

Meaning

   0

Grid points at triangle vertices

   1

Grid points at centres of triangles

   2

Grid points at midpoints of triangle sides

3-191

Reserved

192-254

Reserved for local use

 255

Missing

Flag table 3.9:

Numbering order of diamonds as seen from the corresponding pole
Bit No.
Value
Meaning

   1             0
Clockwise orientation


    1
Anti-clockwise (i.e., counter-clockwise) orientation

 2-8

Reserved

Flag table 3.10:

Scanning mode for one diamond
Bit No.
Value
Meaning

   1             0
Points scan in +i direction, i.e. from pole to equator


    1
Points scan in -i direction, i.e. from equator to pole

   2             0
Points scan in +j direction, i.e. from west to east


    1
Points scan in -j direction, i.e. from east to west

   3
    0
Adjacent points in i direction are consecutive

    
    1
Adjacent points in j direction is consecutive

 4-8

Reserved

CODE AND FLAG TABLES USED IN SECTION 4
Code Table 4.0:

Product Definition Template Number
Number

Description

     0

Analysis or forecast at a horizontal level or in a horizontal layer at a point in time

     1 

Individual ensemble forecast, control and perturbed, at a horizontal level or in a horizontal layer at a point in time 

     2 

Derived forecast based on all ensemble members at a horizontal level or in a horizontal layer at a point in time

     3 

Derived forecasts based on a cluster of ensemble members over a rectangular area at a horizontal level or in a horizontal layer at a point in time

     4 

Derived forecasts based on a cluster of ensemble members over a circular area at a horizontal level or in a horizontal layer at a point in time

     5

Probability forecasts at a horizontal level or in a horizontal layer at a point in time 

     6

Percentile forecasts at a horizontal level or in a horizontal layer at a point in time

     7

Analysis or forecast error at a horizontal level or in a horizontal layer at a point in time

     8

Average, accumulation, extreme values or other statistically processed value at a horizontal level or in a horizontal layer in a continuous or non-continuous time interval

   9-19

Reserved

   20

Radar product

 21-29

Reserved

   30

Satellite product

31-253

Reserved

 254

CCITTIA5 character string

255-32767 
Reserved

32768-65534   
Reserved for local use

65535

Missing

Code Table 4.1:

Category of parameters by product discipline
Product Discipline 0:
Meteorological products
Category
Description

     0

Temperature

     1

Moisture

     2

Momentum

     3

Mass

     4

Short-wave Radiation

     5

Long-wave Radiation

     6

Cloud

     7

Thermodynamic Stability indices

     8

Kinematic Stability indices

     9

Temperature Probabilities

   10

Moisture Probabilities

   11

Momentum Probabilities

   12

Mass Probabilities

   13

Aerosols

   14

Trace gases (e.g., ozone, CO2)

   15

Radar

   16

Forecast Radar Imagery

   17

Electro-dynamics

   18

Nuclear/radiology

   19

Physical atmospheric properties

20-189

Reserved

 190

CCITTIA5 string

 191

Miscellaneous

192-254

Reserved for local use

 255

Missing

Product Discipline 1:
Hydrological products
Category
Description

     0

Hydrology

     1

Hydrology probabilities

 2-192

Reserved

192-254

Reserved

 255

Missing

Product Discipline 2:
Land surface products
Category
Description

     0

Vegetation/Biomass

     1

Agri-/aquacultural Special Products 

     2

Transportation-related Products

     3

Soil Products

 4-191

Reserved

192-254

Reserved

  255

Missing

Product Discipline 3: 
Space Products
Category
Description

   0

Satellite, derived imager products

   1

Satellite, derived sounder products

   2

Satellite, infra-red imagery

   3

Satellite, visible imagery

   5

Satellite, water vapor imagery

 4-191

Reserved

192-254

Reserved

  255

Missing

Product Discipline 10 - Oceanographic products
Category
Description

     0

Waves

     1

Currents

     2

Ice

     3

Surface Properties

     4

Sub-surface Properties

 5-191

Reserved

192-254

Reserved for local use

 255

Missing

Code Table 4.2
Parameter number by product discipline and parameter category
Product Discipline 0:
Meteorological products, 
Parameter Category 0:
Temperature
Number

Parameter






Units

     0

Temperature






K

     1

Virtual temperature





K

     2

Potential temperature





K

     3

Pseudo-adiabatic potential temperature



K



or equivalent potential temperature

     4

Maximum temperature





K

     5

Minimum temperature





K

     6

Dew point temperature





K

     7

Dew point depression (or deficit)




K

     8

Lapse rate






K m-1
     9

Temperature anomaly





K

   10

Latent heat net flux





W m-2
   11

Sensible heat net flux





W m-2
   12

Heat index






K

   13

Wind chill factor






K

   14

Minimum dew point depression




K

   15

Virtual potential temperature




K

16-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 1:
Moisture
Number

Parameter






Units

     0

Specific humidity






kg kg-1
     1

Relative humidity





%

     2

Humidity mixing ratio





kg kg-1
     3

Precipitable water





kg m-2
     4

Vapor pressure






Pa

     5

Saturation deficit






Pa

     6

Evaporation






kg m-2
     7

Precipitation rate






kg m-2 s-1
     8

Total precipitation





kg m-2
     9

Large scale precipitation (non-convective)



kg m-2
   10

Convective precipitation





kg m-2
   11

Snow depth






m

   12

Snowfall rate water equivalent




kg m-2 s-1
   13

Water equivalent of accumulated snow depth


kg m-2
   14

Convective snow






kg m-2
   15

Large scale snow






kg m-2
   16

Snow melt






kg m-2
   17

Snow age






day

   18

Absolute humidity





kg m-3
   19

Precipitation type






code table (4.201)

   20

Integrated liquid water





kg m-2
   21

Condensate






kg kg-1
   22

Cloud mixing ratio





kg kg-1
   23

Ice water mixing ratio





kg kg-1
   24

Rain mixing ratio






kg kg-1
   25

Snow mixing ratio





kg kg-1
   26

Horizontal moisture convergence




kg kg-1 s-1
   27

Maximum relative humidity




%

   28

Maximum absolute humidity




kg m-3
   29

Total snowfall






m

   30

Precipitable water category




code table (4.202)

   31

Hail







m

   32

Graupel (snow pellets)





kg kg-1
33-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 2:
Momentum
Number

Parameter






Units

     0

Wind direction (from which blowing)



deg true

     1

Wind speed






m s-1
     2

u-component of wind





m s-1
     3

v-component of wind





m s-1
     4

Stream function






m2 s-1
     5

Velocity potential





m2 s-1
     6

Montgomery stream function




m2 s-2
     7

Sigma coordinate vertical velocity




s-1
     8

Vertical velocity (pressure)




Pa s-1
     9

Vertical velocity (geometric)




m s-1
   10

Absolute vorticity





s-1
   11

Absolute divergence





s-1
   12

Relative vorticity






s-1
   13

Relative divergence





s-1
   14

Potential vorticity





K m2 kg-1 s-1
   15

Vertical u-component shear




s-1
   16

Vertical v-component shear




s-1
   17

Momentum flux, u component




N m-2
   18

Momentum flux, v component




N m-2
   19

Wind mixing energy





J

   20

Boundary layer dissipation




W m-2
   21

Maximum wind speed





m s-1
   22

Wind speed (gust)





m s-1
   23

u-component of wind (gust)




m s-1
   24

v-component of wind (gust)




m s-1
 25-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 3:
Mass
Number

Parameter






Units

     0

Pressure







Pa

     1

Pressure reduced to MSL





Pa

     2

Pressure tendency





Pa s-1
     3

ICAO Standard Atmosphere Reference Height


m

     4

Geopotential






m2 s-2
     5

Geopotential height





gpm

     6

Geometric height






m

     7

Standard deviation of height




m

     8

Pressure anomaly






Pa

     9

Geopotential height anomaly




gpm

   10

Density







kg m-2
   11

Altimeter setting






Pa

   12

Thickness






m

   13

Pressure altitude






m

   14

Density altitude






m

 15-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 4:
Short-wave Radiation
Number

Parameter






Units

     0

Net short-wave radiation flux (surface)



W m-2
     1

Net short-wave radiation flux (top of atmosphere)


W m-2
     2

Short wave radiation flux





W m-2
     3

Global radiation flux





W m-2
     4

Brightness temperature





K

     5

Radiance (with respect to wave number)



W m-1 sr-1
     6

Radiance (with respect to wave length)



W m-3 sr-1
  7-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 5:
Long-wave Radiation
Number

Parameter






Units

     0

Net long wave radiation flux (surface)



W m-2
     1

Net long wave radiation flux (top of atmosphere)


W m-2
     2

Long wave radiation flux





W m-2
  3-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 6:
Cloud
Number

Parameter






Units

     0

Cloud Ice






kg m-2
     1

Total cloud cover






%

     2

Convective cloud cover





%

     3

Low cloud cover






%

     4

Medium cloud cover





%

     5

High cloud cover






%

     6

Cloud water






kg m-2
     7

Layer cloud amount





%

     8

Layer cloud type






code table (4.203)

     9

Thunderstorm maximum tops




m

   10

Thunderstorm coverage





code table (4.204)

   11

Cloud base






m

   12

Cloud top






m

   13

Ceiling







m

 14-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 7:
Thermodynamic Stability Indices
Number

Parameter






Units

     0

Parcel lifted index (to 500 hPa)




K

     1

Best lifted index (to 500 hPa)




K

     2

K index







K

     3

KO index






K

     4

Total totals index






K

     5

Sweat index






numeric

     6

Convective available potential energy



J kg-1
     7

Convective inhibition





J kg-1
     8

Storm relative helicity





J kg-1
     9

Energy helicity index





numeric

10-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 13:
Aerosols
Number

Parameter






Units

     0

Aerosol type






code table (4.205)

  1-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 14:
Trace Gases
Number

Parameter






Units

     0

Total ozone






Dobson

 1-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0 - Meteorological products, 

Parameter Category 15:
Radar
Number

Parameter






Units

     0

Base spectrum width





m s-1
     1

Base reflectivity






dB

     2

Base radial velocity





m s-1
     3

Vertically-integrated liquid




kg m-1
     4

Layer-maximum base reflectivity




dB

     5

Precipitation






kg m-2
     6

Radar spectra (1)






-

     7

Radar spectra (2)






-

     8

Radar spectra (3)






-

    9-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 19:
Physical atmospheric properties
Number

Parameter






Units

     0

Visibility






m

     1

Albedo







%

     2

Thunderstorm probability





%

     3

mixed layer depth





m

     4

Volcanic ash






code table (4.206)

     5

Icing top






m

     6

Icing base






m

     7

Icing







code table (4.207)

     8

Turbulence top






m

     9

Turbulence base






m

    10

Turbulence






code table (4.208)

    11

Turbulent kinetic energy





J kg-1
    12

Planetary boundary layer regime




code table (4.209)

    13

Contrail intensity






code table (4.210)

    14

Contrail engine type





code table (4.211)

    15

Contrail top






m

    16

Contrail base






m

 17-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 0:
Meteorological products, 
Parameter Category 253:ASCII character string
Number

Parameter






Units

     0

Arbitrary text string





CCITTIA5

    1-191

Reserved

192-254

Reserved for local use

  255         
Missing

Product Discipline 2:
Land surface products, 

Parameter Category 0:
Vegetation/Biomass
Number

Parameter






Units

     0

Land cover (1=land, 2=sea)




Proportion

     1

Surface roughness





m

     2

Soil temperature






K

     3

Soil moisture content





kg m-2
     4

Vegetation






%

     5

Water runoff






kg/m-2
     6

Evapotranspiration





kg —2 s-1
     7

Model terrain height





m

     8

Land use






code table (4.212)

 9-191

Reserved

192-254

Reserved for local use

   255

Missing

Product Discipline 2:
Land surface products, 

Parameter Category 2:
Soil Products
Number

Parameter






Units

     0

Soil type






code table (4.213)

     1

Upper layer soil temperature




K

     2

Upper layer soil moisture





kg m-3
     3

Lower layer soil moisture





kg m-3
     4

Bottom layer soil temperature




K

 5-191

Reserved

192-254

Reserved for local use

   255

Missing

Product discipline 3:
Space products, 


Parameter Category 2:
Satellite, infra-red imagery
Number

Parameter






Units

     0

Scaled radiance






numeric

     1

Scaled reflectance factor





numeric

     2

Scaled albedo






numeric

     3

Scaled brightness temperature




numeric

     4

Scaled precipitable water





numeric

     5

Scaled estimated precipitation




numeric

   6-191

Reserved

192-254

Reserved for local use

   255

Missing

Product Discipline 3:
Space products,


Parameter Category 3:
Satellite, visible imagery
Number

Parameter






Units

     0

Surface albedo






-

    1-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 10:
Oceanographic products, 
Parameter Category 0:
Waves
Number

Parameter






Units

     0

Wave spectra (1)






-

     1

Wave spectra (2)






-

     2

Wave spectra (3)






-

     3

Significant height of combined wind waves and swell


m

     4

Direction of wind waves





Degree true

     5

Significant height of wind waves




m

     6

Mean period of wind waves




s

     7

Direction of swell waves





Degree true

     8

Significant height of swell waves




m

     9

Mean period of swell waves




s

    10

Primary wave direction





Degree true

    11

Primary wave mean period




s

    12

Secondary wave direction





Degree true

    13

Secondary wave mean period




s

14-191 

Reserved

192-254

Reserved for local use

   255

Missing

Product Discipline 10:
Oceanographic products, 
Parameter Category 1:
Currents
Number

Parameter






Units

     0

Current direction






Degree true

     1

Current speed






m s-1
     2

u-component of current





m s-1
     3

v-component of current





m s-1
 4-191

Reserved

192-254

Reserved for local use

   255

Missing

Product Discipline 10:
Oceanographic products, 
Parameter Category 2:
Ice
Number

Parameter






Units

     0

Ice cover






Proportion

     1

Ice thickness






m

     2

Direction of ice drift





Degree true

     3

Speed of ice drift






m s-1
     4

u-component of ice drift





m s-1
     5

v-component of ice drift





m s-1
     6

Ice growth rate






m s-1
     7

Ice divergence






s-1
    8-191

Reserved

192-254

Reserved for local use

 255

Missing

Product Discipline 10:
Oceanographic products, 
Parameter Category 4:
Surface Properties
Number

Parameter






Units

      0

Water temperature





K

      1

Deviation of sea level from mean




m

  2-191

Reserved

192-254

Reserved for local use

    255

Missing

Product Discipline 10:
Oceanographic products, 
Parameter Category 5:
Sub-surface Properties
Number

Parameter






Units

     0

Main thermocline depth





m

     1

Main thermocline anomaly




m

     2

Transient thermocline depth




m

     3

Salinity







kg kg-1
    4-191

Reserved

192-254

Reserved for local use

 255

Missing

Code table 4.3:
Type of generating process

Code figure
Meaning

  0

Analysis

  1

Initialization

  2

Forecast

  3

Bias corrected forecast

  4

Ensemble forecast

  5

Probability forecast

  6

Forecast error

  7

Analysis error

8-191

Reserved

192-254

Reserved for local use

 255

Missing

Code Table 4.4: 
Indicator of unit of time range
Code figure
Meaning

  0 

Minute

  1

Hour

  2

Day

  3 

Month

  4

Year

  5 

Decade (10 years)

  6

Normal (30 years)

  7

Century (100 years) 

8-9

Reserved

 10

3 hours

 11

6 hours

12

12 hours

13

Second

14-191

Reserved 

192-254

Reserved for local use

255

Missing

Code table 4.5:
Fixed surface types and units
Code

Figure

Meaning







Units

    0

Reserved

    1

Ground or water surface





-

    2

Cloud base level






-

    3

Level of cloud tops





-

    4

Level of 0o C isotherm





-

    5

Level of adiabatic condensation lifted from the surface

-

    6

Maximum wind level





-

    7

Tropopause






-

    8

Nominal top of the atmosphere




-

    9

Sea bottom






-

10-19

Reserved

  20

Isothermal level






K

21-99

Reserved

100

Isobaric surface






Pa

101

Mean sea level

102

Specific altitude above mean sea level



m

103

Specified height level above ground



m

104

Sigma level






“sigma” value

105

Hybrid level






-

106

Depth below land surface





m

107

Isentropic (theta) level





K

108

Level at specified pressure difference from ground to level

Pa

109

Potential vorticity surface





K m2  kg-1 s-1
110

Reserved

111

Eta* level






-

112-116

Reserved

117

Mixed layer depth





m

118-159

Reserved

160

Depth below sea level





m

161-191

Reserved

192-254

Reserved for local use

255

Missing

* 
The ETA vertical coordinate system involves normalizing the pressure at some point an a specific level by the mean sea level pressure at that point

Code Table 4.6: 
Type of ensemble forecast
Code figure
Meaning

  0 

Unperturbed high-resolution control forecast

  1

Unperturbed low-resolution control forecast

  2

Negatively perturbed forecast

  3 

Positively perturbed forecast

4-191

Reserved 

192-254

Reserved for local use

255
    
Missing

Code Table 4.7:
Derived forecast

Code figure
Meaning

  0

Unweighted mean of all members

  1

Weighted mean of all members

  2

Standard deviation with respect to cluster mean

  3

Standard deviation with respect to cluster mean, normalized

4-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.8:
Clustering Method
Code figure
Meaning

  0

Anomaly correlation

  1

Root mean square

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.9:
Probability Type

Code figure
Meaning

  0

Probability of event below lower limit

  1

Probability of event above upper limit

  2

Probability of event between lower and upper limits

3-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.10: Type of statistical processing
Code figure
Meaning

0

Average

1

Accumulation

2

Maximum

3 Minimum

4

Difference (Value at the end of time range minus value at the beginning)

5

Root mean square

6

Standard deviation

7

Covariance (Temporal variance)

8

Difference (Value at the start of time range minus value at the end)

9-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.11:
Type of time intervals

 Code figure
Meaning

   0

Reserved

   1

Successive times processed have same forecast time, start time of forecast is incremented

   2

Successive times processed have same start time of forecast, forecast time is incremented

   3

Successive times processed have start time of forecast incremented and forecast time decremented so that valid time remains constant

   4

Successive times processed have start time of forecast decremented and forecast time incremented so that valid time remains constant

   5-191

Reserved

 192-254
Reserved for local use

 255

Missing

Code Table 4.12:
Operating Mode
Code figure
Meaning

     0

Clear

     1

Precipitation

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.13:
Quality Control Indicator
Code figure
Meaning

     0

No quality control applied

     1

Quality control applied

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.14:
Clutter Filter Indicator
Code figure
Meaning

     0

No clutter filter used

     1

Clutter filter used

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.201: Precipitation Type
Code figure
Meaning

     0

Reserved

     1

Rain

     2

Thunderstorm

     3

Freezing rain

     4

Mixed/ice

     5

Snow

    6-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.202: Precipitable water category
Code figure
Meaning

0-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.203: Layer cloud type
Code figure
Meaning

     0

Clear

     1

Cumulonimbus

     2

Stratus

     3

Stratocumulus

     4

Cumulus

     5

Altostratus

     6

Nimbostratus

     7

Altocumulus

     8

Cirrostratus

     9

Cirrocumulus

   10

Cirrus

   11

Cumulonimbus - ground based fog beneath the lowest layer

   12

Stratus - ground based fog beneath the lowest layer

   13

Stratocumulus - ground based fog beneath the lowest layer

   14

Cumulus - ground based fog beneath the lowest layer

   15

Altostratus - ground based fog beneath the lowest layer

   16

Nimbostratus - ground based fog beneath the lowest layer

   17

Altocumulus - ground based fog beneath the lowest layer

   18

Cirrostratus - ground based fog beneath the lowest layer

   19

Cirrocumulus - ground based fog beneath the lowest layer

   20

Cirrus - ground based fog beneath the lowest layer

21-190

Reserved

 191

Unknown

0-191

Reserved

192-254

Reserved for local use

255

Missing

Note: Code figures 11-20 indicate all four layers were used and a ground-based fog is beneath the lowest layer.

Code Table 4.204: Thunderstorm coverage
Code figure
Meaning

     0

None

     1

Isolated (1%  - 2%)

     2

Few (3% - 15%)

     3

Scattered (16% - 45%)

     4

Numerous (> 45%)

5-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.205: Aerosol type
Code figure
Meaning

     0

Aerosol not present

     1

Aerosol present

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.206: Volcanic ash
Code figure
Meaning

     0

Not present

     1

Present

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.207: Icing
Code figure
Meaning

     0

None

     1

Light

     2

Moderate

     3

Severe

4-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.208: Turbulence
Code figure
Meaning

     0

None (smooth)

     1

Light

     2

Moderate

     3

Severe

     4

Extreme

5-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.209: Planetary boundary layer regime
Code figure
Meaning

     0

Reserved

     1

Stable

     2

Mechanically driven turbulence

     3

Forced convection

     4

Free convection

5-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.210: Contrail intensity
Code figure
Meaning

     0

Contrails not present

     1

Contrails present

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.211: Contrail engine type
Code figure
Meaning

     0

Low bypass

     1

High bypass

     2

Non bypass

3-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.212: Land Use
Code figure
Meaning

     0

Reserved

     1

Urban land

     2

Agriculture

     3

Range land

     4

Deciduous forest

     5

Coniferous forest

     6

Forest/wetland

     7

Water

     8

Wetlands

     9

Desert

   10

Tundra

   11

Ice

   12

Tropical forest

   13

Savannah

 14-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 4.213: Soil type
Code figure
Meaning

     0

Reserved

     1

Sand

     2

Loamy sand

     3

Sandy loam

     4

Silt loam

     5

Organic (redefined)

     6

Sandy clay loam

     7

Silt clay loam

     8

Clay loam

     9

Sandy clay

   10

Silty clay

   11

Clay

12-191

Reserved

192-254

Reserved for local use

255

Missing

CODE AND FLAG TABLES USED IN SECTION 5

Code Table 5.0: 
Data Representation Template Number

Code figure
Meaning

   0

Grid point data - simple packing

   1

Matrix value - simple packing

   2

Grid point data - complex packing

   3

Grid point data - complex packing and spatial differencing

   4

Spectral data -simple packing

   5 

Spectral data - complex packing

6-191

Reserved

192-254

Reserved for local use

 255

Missing

Code Table 5.1:
Type of original field values
Code figure
Meaning

  0

Floating point

  1

Integer

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 5.2:
Matrix coordinate value function definition.

Code Figure
Meaning

  0

explicit coordinate values set

  1

Linear coordinates     




f(1)=C1




f(n)=f (n-1)+C2

  2

Log linear coordinates




f (1)=C1




f (n)=C2(log(base C2)+C3)




C2 defines the base of the logarithmic scale used.

3-10

Reserved

11

Geometric coordinates




f (1)=C1




f(n)=C2*f(n-1)

12-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 5.3:
Matrix coordinate parameter
Code Figure
Meaning

  1

Direction Degrees true

  2

Frequency (s-1)

  3

Radial number (2pi/lambda) (m-1)

4-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 5.4:
Group Splitting Method
Code figure
Meaning

0

Row by row splitting

1

General group splitting

2-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 5.5
Missing Value Management for Complex Packing
Code figure
Meaning

  0

No explicit missing values included within data values

  1

Primary missing values included within data values

  2

Primary and secondary missing values included within data values

3-191

Reserved

192-254

Reserved for local use

255

Missing

Code Table 5.4:
Order of Spatial Differencing
Code Figure
Meaning

        0

Reserved

        1

First-order spatial differencing

        2

Second-order spatial differencing

    3-191

Reserved

192-254

Reserved for local use

       255

Missing

CODE AND FLAG TABLES USED IN SECTION 6

Code Table 6.0:
Code figure 
Meaning

   0 

A bit map applies to this product and is specified in this Section

1 - 253

A bit map pre-determined by the originating/generating Centre applies to this product and is not specified in this Section.

254

A bit map defined previously in the same "GRIB" message applies to this product.

255

A bit map does not apply to this product.

ANNEX 

LIST OF ACRONYMS
ACARS
AirCraft Addressing and Reporting System

AWS
Automatic Weather Station

BUFR
Binary Universal Form for data Representation

CBS
Commission for Basic Systems

CBS-Ext.(98)
Extraordinary session of CBS held in 1998

COST
European Co-Operation in the field of Scientific and Technical research

CREX
Character Representation form for data Exchange

DBCP
Drifting Buoy Cooperation Panel

DCP
Data Collection Platform

DIF
Directory Interchange Format

EC
Executive Council of the WMO

ECMWF
European Centre for Medium-range Weather Forecast

EUMETSAT
European Meteorological Satellite (or Agency)

ET
Expert Team

ET/EDF
Expert Team on Evolution of Data Formats

FNMOC
Fleet Numerical Meteorology and Oceanography Centre

FORTRAN
FORmula TRANslation 

FTP
File Transfer Protocol

GDPS
Global Data Processing System

GIF
Graphic Interchange Format

GIS
Geographic Information System

GOS
Global Observing System

GRIB 1
Processed data in the form of GRId-point values expressed in Binary form

GRIB 2
General Regularly distributed Information in Binary form

GTS
Global Telecommunications System

ICAO
International Civil Aviation Organisation

ICT
Implementation/Coordination Team (of CBS)

ICT/DRC
Implementation/Coordination Team on Data Representation and Codes 

ID
Identifier

IOC
International Oceanographic Commission

ISO
International Standards Organization

JCOMM
Joint WMO/IOC Technical Commission for Oceanography and Marine Meteorology

JPEG
Joint Photographic Experts Group format

LINUX
Not an acronym – name of an operating system

MS/DOS
/Disk Operating System

MSS
Message Switching System

MTN
Main Telecommunications Network (of the GTS)

NASA
National Aeronautics and Space Administration

NCEP
National Centre for Environment Prediction

NMC
National Meteorological Centre

NMHS
National Meteorological or Hydrological Service

NMS
National Meteorological Service

NWP
Numerical Weather Prediction

NWS
National Weather Service

OPAG
Open Programme Area Group (of CBS)

OPAG-ISS
Open Programme Area Group on Information Systems and Services

PNG
Portable Network Graphic

RA
Regional Association (WMO)

RASS
Radio Acoustic Sounding System

RDBC
Regional Data Bank Centre

RSMC
Regional Specialised Meteorological Centre

SGDR&C
Sub-Group on Data Representation and Codes (CBS)

SI
System International

TCP
Tropical Cyclone Programme

TCP/IP
Transport Control Protocol/Internet Protocol

TIFF
Tagged Image File Format

UNIX
Not an acronym – name of an operating system

UTC
Universal Time Coordinate

WGDM
Working Group on Data Management (CBS)

WMO
World Meteorological Organization

WWW
World Weather Watch

�








* Note:  The ICT/DR&C and the OPAG/ISS are the current bodies in 2000 dealing with Data Representation and Codes within CBS.  If they were replaced by other bodies performing the same function, the same rules would apply, by replacing the names of the entities appropriately.






