WORLD METEOROLOGICAL ORGANIZATION

COMMISSION FOR BASIC SYSTEMS

OPAG ON INFORMATION SYSTEMS AND SERVICES

MEETING OF THE IMPLEMENTATION/COORDINATION TEAM ON DATA REPRESENTATION AND CODES

FINAL REPORT

[image: image6.png]



GENEVA, 10-14 APRIL 2000
REPORT OF MEETING OF IMPLEMENTATION COORDINATION TEAM ON DATA REPRESENTATION AND CODES

CONTENTS
PAGE

1.
ORGANIZATION OF THE MEETING
3

1.1
Opening of the meeting
3

Annex to 1.1.1 - Participants list
14

1.2
Approval of the agenda
3

2.
GRIB CODE
3

2.1
Finalize GRIB2
3

Annex to 2.1.7 GRIB 2 proposal
64

2.2
Status and coordination of validation tests for GRIB2 encoding/decoding software
4

Annex to 2.2.2
19

3.
DEVELOPMENT OF FILE CONTENT-METADATA DESCRIPTION STANDARDS
5

4.
ADDITIONS TO BUFR AND CREX
5

4.1
Modifications in BUFR for representing pixel values
5

Annex to 4.1
20

4.2
Additions for transmission of automatic stations observations
5

Annex to 4.2
21

4.3
Additions requested for interchange of RASS (Radio Acoustic Sounding System) data
6

Annex to 4.3
25

4.4
Review of precipitation and depth of snow descriptors
6

Annex to 4.4
28

4.5
Production of Common Data Templates
6

Annex to 4.5.2
29

4.6
Coordination of Data Sub-categories and Common Data Templates
7

4.7
Other additions
7

4.7.1
A proposal for new BUFR temperature descriptor
7

Annex to 4.7.1
30

4.7.2
Representation of QUIKSCAT SEAWINDS data
7

Annex to 4.7.2
31

4.7.3
Proposed additions for the representation of the new ATSR SST product (SADIST-2)
8

Annex to 4.7.3
33

4.7.4
Soil temperature data in BUFR and CREX
8

Annex to 4.7.4
35

4.7.5
Representation of Retrieved atmospheric gases data
8

Annex to 4.7.5
37

4.7.6
Additions for the representation of automatic weather stations data
8

Annex to 4.7.6
38

4.7.7
Additions for reporting Turbulence in Automated Aircraft Reports
8

Annex to 4.7.7
40

4.7.8
Proposal to rename a Class 33 descriptor
8

Annex to 4.7.8
42

5.
MODIFICATIONS TO TRADITIONAL ALPHANUMERIC CODES
9

5.1
Modifications to aeronautical codes
9

Annex to 5.1.1
43

5.2
Modifications to BUOY code
9

Annex to 5.2.1
47

5.3
Additions to the SHIP code
10

5.4
Discussion on modifications required for transmission of automatic stations observations
10

6.
FURTHER RECOMMENDATIONS FOR A MIGRATION STRATEGY
10

6.1
Summary of results of questionnaire on WMO codes
10

6.2
Encoding/decoding software for BUFR/CREX and the new edition of GRIB
11

Annex to 6.2.4 software project
50

6.3
Discussion on an essay presenting the advantages of the table driven codes
11

Annex to 6.3
51

6.4
Discussion on coupling/decoupling of BUFR and CREX
12

6.5
Presentation of the proposal for a migration strategy and a new data flow within the World Weather Watch
12

7.
REVIEW PROCEDURE FOR AMENDMENT TO THE MANUAL ON CODES
13

Annex to 7
62

8.
FUTURE WORK
13

9.
CLOSURE OF THE MEETING
13

List of acronyms
124

REPORT OF THE MEETING OF THE IMPLEMENTATION/COORDINATION TEAM ON DATA REPRESENTATION AND CODES

(Geneva, 10-14 April 2000)

1.
ORGANIZATION OF THE MEETING

1.1
Opening of the Meeting

1.1.1
The Meeting of the Implementation/Coordination Team on Data Representation and Codes (ICT/DRC) took place at the WMO Headquarters in Geneva from 10 to 14 April 2000 (the participants’ list can be found in Annex to this paragraph).  The Meeting was opened on Monday 10 April at 10 a.m. by Dr A. S Zaitsev, Assistant Secretary-General, who welcomed the participants and stressed that the WMO Codes were fundamental to meteorology because they make possible the real time exchange of data, the raw material for all meteorological processing and applications.  He recalled that this Meeting had several challenging tasks to perform.  The first task was to finalize the new edition of GRIB Edition 2 (GRIB2), which is much needed for the transmission of the newly produced ensemble forecast fields, climate prediction fields, transport model products, and oceanographic fields, as well as for cross-sections, Hövmoller-type diagrams and fields with matrices at grid-points.  Another important challenge was to lead our community into a migration strategy that will be based on a coordinated plan for a progressive and definite change from fixed character codes to table driven codes, which offer advantages unmatched by character codes, such as self-definition, flexibility and expandability.  Dr Zaitsev also stressed that one  must not forget the ongoing requirements for maintaining the old character codes.  However, one should realize that even minor changes to an existing code form could mean major software changes and thus substantial costs for most Member States.  The freeze of the character codes has been recommended often by CBS but had not been possible.  He stressed that within the maze of code tables and regulations, the task of the Experts requires being very meticulous, but also keeping in mind the need for efficiency and simplicity.  He recalled that the crucial work of the Team was to propose a set of recommendations on data representation and codes which was to be considered by the next CBS in November 2000.  He wished a good stay in Geneva and a very useful and successful working week for all the participants.

1.1.2
Dr Cliff Dey, from USA, as chairman of the ICT, 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 
Finalize GRIB2

2.1.1 
The Secretariat began this agenda item by reviewing the work of the Expert Team on Evolution of Data Formats (ET/EDF) with respect to GRIB Edition 2 (GRIB2) at its meeting in October, 1999 in Monterey, California.   He noted that the specifications for GRIB2 had been completed by the ET/EDF, and refined during subsequent email exchanges.  He pointed out it was now the task of the ICT/DRC to further refine GRIB2 as appropriate with a view to submitting it to CBS XII for endorsement.

2.1.2 
Complex grid point packing in GRIB2 achieves its efficiency by splitting the grid point values into groups and packing each individual group in an efficient way.  However, there is some added overhead involved in this process.  It was found that with slight descriptor changes, in conjunction with a group splitting algorithm developed by the US NWS/TDL group and modified by Météo-France, this overhead could be reduced.  The result was a several percent reduction in the final packed information.  This feature was added to the draft GRIB2 specifications.

2.1.3 
The Team also added necessary Grid Definition, Data Representation, and Data Templates, as well as code and flag tables, to permit the encoding of spectral coefficient fields.  Another code table was proposed that would permit depiction of multiple 0o C isotherm levels (which would in turn permit depiction of above freezing layers), multiple maximum wind levels, and multiple tropopause levels.  This proposal would need more refinement and was to be reconsidered in the near future.  A proposal for a similar change to permit depiction of above freezing levels in GRIB Edition 1 (GRIB1) was rejected when the ICAO observer noted his organization did not wish GRIB Edition 1 to change.  In addition, several new entries involving pollutants were added to Product Discipline 0 (Meteorological Products), Product Category 18 (Nuclear/radiology).

2.1.4 
It was noted that the scaling formula specified in this draft of GRIB2 was different from that in GRIB1.  The essential difference was that the draft GRIB2 formula required subtraction of the reference value prior to imposing the power of 10 scaling factor upon encoding values into GRIB2 while the GRIB1 formula reverses the order of these two operations.  It was subsequently found that encoding/decoding tests had been run at the European Centre for Medium Range Weather forecasts (ECMWF) with both formulas.  These tests revealed the draft GRIB2 formula produced slight errors in the lowest order digit retained while the GRIB1 formula did not.  Based on this information, the draft GRIB2 formula was replaced by GRIB1 formula.

2.1.5 
Problems were also noted with the draft GRIB2 specifications regarding units for angles and depiction of hybrid vertical coordinate systems and quasi-regular grids.  For specification of units for angles, in cases where very high or non-decimal resolution is required, logic was added to the Grid Definition Section to specify the units of angles with two new descriptors - a basic angle and the number of subdivisions of the basic angle.  For specification of hybrid vertical coordinate systems, information on the coordinate pairs of each hybrid vertical coordinate level was added to the Product Definition Section.  For specification of quasi-regular grids, information was added to the Grid Definition Section on the number of points in each grid row and the number of octets on which each number of points per row is given.

2.1.6 
A proposal for a common parameter table for GRIB2 and BUFR and CREX was rejected because of a lack of commonality between GRIB2 and BUFR and CREX parameters.  However, the idea of a common parameter table for only BUFR and CREX was viewed with favor.  Discussions related to this issue were held under Agenda Item 6.4.

2.1.7 
The fact that neither the modifications listed above nor those received by the Chairman of the ICT/DRC during the past three months involved the basic structure of the draft GRIB2 specifications gave the Team confidence that the overall structure of GRIB2 was sound.  The Team was therefore satisfied that with the modifications noted above, the GRIB2 specifications were ready for submission to CBS XII for endorsement (see the Annex to this paragraph).  The ICT recommended that further work was to be undertaken urgently to define additional templates for the transmission in GRIB 2 of Cross-sections and Hovmöller type diagrams.

2.2
Status and coordination of validation tests for GRIB2 encoding/decoding software

2.2.1 
The ICT/DRC noted with appreciation that Japan had prepared a number of test fields encoded in GRIB2 using the draft GRIB2 specifications and put them on their FTP Server for members to use in validation tests.  However, the Team was concerned that no other validation efforts had even begun at this time.  It suggested that Members with GRIB2 decoding software download these test messages and try to decode them.  The Secretariat reminded the Session that CBS regulations require validation of all proposals for new data representation forms with two independent encoders and two independent decoders.  He furthermore emphasized GRIB2 could not be submitted to CBS XII for endorsement unless these validations were successfully completed before the end of October 2000.

2.2.2 
A list of Members with GRIB2 encoding and/or decoding software who were willing to participate in validation tests, and the aspects of the GRIB2 specifications they were willing to test was prepared (see the annex to this paragraph).  The ICT/DRC Chairman volunteered to coordinate these tests and serve as the focal point to collect and summarize the results.

3.
DEVELOPMENT OF FILE CONTENT METADATA DESCRIPTION STANDARDS

3.1
The Expert Team on Evolution of Data Formats,  who met in Monterey from 4 to 9 October 1999,  examined a proposal for a standard format for the description of metadata in a sister file to accompany a data file exchanged on the GTS through the TCP/IP protocol.  The standard should be easy to process and interpret, yet be robust enough to adapt to as yet unforeseen new requirements for file description.  The Telecommunication Experts had confirmed that for data file exchange, the main use would probably be to help the routing of files in the enhanced GTS.  For that purpose the ICT proposed to add a “header” to the metadata file, that would be easy to decode, for performing the routing.  It was also suggested that the producer could replace that header by a set of addresses of GTS centres to which the data file is destined.  This feature would simplify greatly the routing.

3.2
In connection with metadata standards, a document presented by the secretariat described the standard metadata which should be included to define meteorological data.  It was based on ISO recommendations.  The standard describes the semantic of the information to be included but not the physical format.  It suggests the use of formats like SGML or XML, which would be compatible with INTERNET search engines, and will enable the easy location on the INTERNET of data banks with data of interest.

3.3
The Team found the two problems were different, addressing different purposes.  However, it was recommended that a common solution be the goal, in which the Monterey proposal would be modified to match the ISO recommendation, as well as adding a header which satisfies the GTS routing needs.  A revised proposal will be developed for further examination by the ICT on Data Exchange and the Inter-programmes Task Team.

4.
ADDITIONS TO BUFR AND CREX

4.1
Modifications in BUFR for representing pixel values

The representative of EUMETSAT presented a document explaining that the Table B entries currently available in BUFR do not allow the unambiguous representation of both saturated pixels and missing data.  Possible ways of removing this ambiguity were discussed by the ICT.  Finally, it was proposed to add a note under Table 30 (see the annex to this paragraph) to clarify the representation of pixel values.  This note should be approved through the CBS fast-tack procedure.  The ICT recommended also to study the possibility of defining new entries in Table 30 with data widths more appropriate to the existing satellites.

4.2
Additions for transmission of automatic stations observations

The ICT considered the report of the ET/ EDF (Monterey, 4-9 October 1999) and some working documents to the ET on AWS/CIMO&CBS Expert Meeting in De Bilt (April, 1999), presented by the Rapporteur on Data Management for RA VI.  Two ideas were especially retained:

 “ ... new reporting methods within the BUFR/CREX coding environment must be adopted. 

 The design features of these new codes should include the following:

· Each measured variable shall be reported as a separate entity;

· Each entity shall carry flags indicating the status of the measurement process;

· The range of values reported shall include the "zero" or "null" value; ...”

“...Modification to these codes should accommodate:

· Simultaneous reporting of multiple present weather phenomena (not hierarchical reporting);

· Manual and automated precipitation intensity criteria clearly defined and identical;

· Manual augmentation of automatic station output;

· Indicators to alert the user when manual values have superseded automated values;

· Values to allow reporting of non-occurrence of precipitation;

· Values to indicate the operational status of sensors.”

The ET on AWS also noted the following:

· Any new codes should allow the unambiguous entry of data from simple through to advanced Present Weather Sensors;

· Noting that the visualisation of Present Weather is largely achieved through the plotting symbols defined by the FM coding tables 4677, 4680, 4561, and BUFR equivalent 0 20 003, any new codes should be capable of logically mapping to those codes.

· The weather input signal to SYNOP and METAR is identical and is largely processed by similar sensors. It follows that there is merit in considering a coding method that provides a common platform for both applications.



On this basis, the ICT approved the following additions to BUFR/CREX as described in the Annex to this paragraph with a view to further review by the ET on AWS meeting in July 2000 for CBS final endorsement for implementation in November 2001.  These additions must be validated by the ICT/DRC before CBS XII can approve them.  It is possible that some additional minor modifications could result from these validations.

4.3
Additions requested for interchange of RASS (Radio Acoustic Sounding System) data

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 ET/EDF examined the new entries needed for encoding or decoding of windprofiler/RASS data and recommended more validation to be performed.  Following the information that several countries are exchanging already these data and by that validated them, the ICT recommended the additions to BUFR as listed in the Annex to this paragraph for fast-track implementation on 8 November 2000.

4.4
Review of precipitation and depth of snow descriptors

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 BUFR descriptors for precipitation and depth of snow, which were in fact wrongly combining physical values and code values in the same descriptor.  After a withdrawal of this proposal, which the ET/EDF found did not solve the problem,  the ICT recommended instead the addition of a note (see the Annex to this paragraph) at the end of Class 13 and its approval through the fast track procedure for implementation in November 2000.
4.5 Production of Common Data Templates

4.5.1 The ICT/DRC had been tasked by CBS Ext. 98 with developing BUFR Common Data 

Templates for the traditional alphanumeric code forms.   The Team began by discussing several overall design criteria for the templates.  It was first decided the templates would not include parameters in regional or national practice sections of the code forms.  It was also decided use of delayed replication would be minimized to promote use of compression, and maximum possible use would be made of existing BUFR sequence descriptors.   Furthermore, the Team felt both CREX and BUFR templates should be designed for all templates, as once BUFR templates had been designed, generation of the corresponding CREX templates would be straightforward. 

4.5.2 It was decided to prepare two sets of templates.  The first set, to be begun immediately,

would correspond directly to the traditional alphanumeric code forms in order to facilitate initiation of the migration process discussed under Agenda Item 6.  Several of the templates in this first set – SYNOPTIC AWS, SHIP, BUOY, BATHY, and TESAC - have high priority and must be completed as a matter of urgency.  Within 2 years, several of the templates in the first set would be consolidated into a set of fewer, but more general templates.  The complete list of templates to be developed can be found in the annex to this paragraph.

4.6 Coordination of BUFR Data Sub-categories and Common Data Templates.

4.6.1
A proposal to internationally coordinate BUFR data sub-categories and common data templates was considered by the Session.   International coordination of data sub-categories would enable easy identification of the contents of a BUFR message at a much higher granularity that is currently possible.  This would, in turn, facilitate exchange of BUFR messages and searches for data across the Internet.  Linking the internationally coordinated data sub-categories to the common data templates would enable decoding software to skip parsing BUFR Section 3 and provide considerably improved decoding efficiency.

4.6.2 
The Team felt the advantages of linking BUFR data sub-categories to common data templates would not significantly improve decoding efficiency, as parsing BUFR Section 3 would not be time consuming when identifiable common data templates were used, and software could recognize them without using information on data sub-categories.  The team did see merit in the international coordination of BUFR data sub-categories.  However, octet 10 of Section 1 is now allocated for local use, and many Centres have already made use of that.  As there is no other readily available octet in which to store such information, this idea was not approved, although it could be reconsidered when a new edition of BUFR is being prepared.

4.7
Other additions

4.7.1
A proposal for new BUFR temperature descriptors
Some GDPS Centres, in particular NCEP, have experienced a problem in the conversion of reported temperatures from Celsius to Kelvin for subsequent encoding into BUFR.  Specifically, temperatures that were reported to the nearest tenth of a degree Celsius, when added to the Kelvin conversion factor of 273.15, were inconsistently rounded by different systems, resulting at times in a temperature bias of as much as 0.2 when the resulting values were subsequently reconverted back to Celsius.  The ICT also noted that accuracy of temperature measurements had increased in the recent years.  Improvements in instrumentation technology was likely to result in more and more precision in reported temperatures in the future (in fact, temperatures are currently reported to the nearest hundredth of a degree in FM 18 BUOY and FM 64 TESAC).  The ICT therefore recommended that new BUFR temperature descriptors with an increased scale factor of 2 and a correspondingly increased data width be included.  This increased scale factor would be large enough to ensure that no precision would ever be lost within BUFR by the simple conversion of a temperature value from Celsius to Kelvin (and vice-versa) when the scientifically correct conversion factor of 273.15 would be used.  The proposed additions are listed in the Annex to this paragraph and were recommended for fast track approval for use from 8 November 2000.

4.7.2
Representation of QUIKSCAT SEAWINDS data

The ICT recommended that the proposal for supplementary entries (see Annex to this paragraph) to BUFR for QUICKSCAT data be approved for fast-track approval since these data were already being exchanged.

4.7.3
Proposed additions for the representation of the new ATSR SST product (SADIST-2) format

The ICT recommended additions to BUFR tables for representing the new ATSR SST product (SADIST-2), which were already transmitted by ESA and received by several users.  These additions, listed in the Annex to this paragraph, would need to be approved through the fast-track procedure for implementation in November 2000.

4.7.4
Soil temperature data in BUFR and CREX

Some European Countries had started to produce CREX bulletins containing soil temperature data.  These bulletins were transmitted four times a day to the ECMWF where the data were converted into BUFR and operationally used for the NWP applications.  The ICT recommended for fast track approval the additions of Table D entries for the exchange of these data as listed in the Annex to this paragraph.

4.7.5
Representation of Retrieved atmospheric gases data

The ECMWF and UK Met Office were to start soon to process retrieved atmospheric gases data.  The ICT recommended for fast-track approval the additional table entries required to encode the data as listed in the Annex to this paragraph.

4.7.6
Additions for the representation of automatic weather stations data
France was starting to produce observations from Automatic Weather Stations (AWS) in BUFR.  Additions were requested to BUFR Table B for that purpose.  The Team recommended these additions (see the Annex to this paragraph) for fast track approval since they could be used by other countries.

4.7.7
Additions for reporting Turbulence in Automated Aircraft Reports:
The ICT recommended for fast track approval two additional element descriptors in BUFR Table B to permit encoding of aircraft turbulence in automated aircraft reports in accordance with a recent ICAO proposal (see the Annex to this paragraph).  It was however stressed that these descriptors should be further validated before the end of October 2000 in order to proceed with their implementation on 8 November 2000

4.7.8
Proposal to rename a Class 33 descriptor

In 1998, when ARINC, Inc. began providing ACARS data to the USA and others, the BUFR code table 0-33-026 (Mixing ratio quality) was created, and subsequently approved by the full WMO, for the purpose of storing a quality indicator within BUFR for the moisture descriptor 0-13-002 (Mixing ratio).  At that time, and still to this day, UPS was the only airline that provided such data within ACARS, so the code table was created using the list of possible quality values.  Now, UPS has indicated that they have a new, additional way of reporting moisture using BUFR descriptor 0-13-003 (Relative humidity) and wish to report its quality as well using a code table identical to the 0-33-026 (Mixing ratio quality) code table, except with one additional code table entry having code figure "9" and meaning "Sensor not installed".  The ICT then recommended as an exceptional move to change the name of the corresponding descriptor and Code table as well as add an entry in the code table for fast track approval (see the Annex to this paragraph).
5.
MODIFICATIONS TO TRADITIONAL ALPHANUMERIC CODES

 5.1
Modifications to aeronautical codes

5.1.1
The Team examined requirements expressed by the International Civil Aviation Organization (ICAO) to amend the METAR/SPECI, TAF and ARFOR code forms.  These amendments resulted from the changes in aeronautical requirements contained  in ICAO Annex 3 — Meteorological Service for International Air Navigation/WMO Technical Regulations (C.3.1).  The Team accepted these requirements with slight adjustments.  It was also recommended not to delete the ARFOR code, for which ICAO has had no requirement since Amendment 71, because it was still used nationally by some countries, as a survey on use of WMO codes had shown.  It was recommended instead to add a note to Code Form FM 53 ARFOR explaining the absence of a requirement by ICAO for this code.  The recommended additions to FM 15 METAR, FM 16 SPECI, FM 51 TAF and FM 53 ARFOR are listed in the Annex to this paragraph with a view to their endorsement by CBS for implementation on 7 November 2001.

5.1.2
The group was also informed by the ICAO observer about two proposals which had been made by a State and aeronautical users and which would influence the METAR/SPECI code forms.  These proposals dealt with the:

a) reporting steps used for visibility which were proposed to be amended from 100 m to 50 m for visibility values between 500 and 800 m, and

b) state of the runway which was proposed to be included under supplementary information, subject to Regional Air Navigation Agreement.

It was noted that these proposals were still subject to a consultation with Member States and could not therefore be proposed for inclusion in the Manual on Codes (WMO – No. 306) at this stage.  Depending on the outcome of the consultation, appropriate proposals would be formulated by ICAO, in coordination with CAeM, and referred to CBS for approval.  However, due to the limited time available, these two proposals would have to be presented, as necessary, directly to the 12th Session of the CBS.

5.2
Modifications to BUOY code

5.2.1
The Team examined a proposal submitted by the Data Buoy Cooperation Panel (DBCP) to modify the FM 18 BUOY code to enable all moored buoys reporting on the GTS to use this code rather than FM 13 SHIP.[image: image7.wmf]BUFR and CREX Tables
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  Also, small additions were being proposed to include metadata information like the buoy type and anemometer height.  The Team found that the modifications requested to transfer moored buoy information from FM 13 SHIP into FM 18 BUOY were too extensive, and rejected this part.  Since the BUOY code was not adding more information than the SHIP code, except for the metadata, the modifications for that purpose were rejected.  It was suggested instead to include the needed moored buoy metadata information in the Monthly Newsletter of the WWW, which always contains the list of operational moored buoys.  The team recommended only the inclusion of drifting buoy metadata information in FM 18 as listed in Annex to this paragraph, with a view to endorsement by CBS for implementation on 7 November 2001.
5.2.2
The Team stressed that, should future additions be requested to the BUOY code, the DBCP should consider the switch to CREX or preferably BUFR, as a matter of urgency, with a view to abiding to the policy defined and recommended in chapter 6 for the WMO Data Representation migration strategy.  On the other hand, the ICT undertook to develop immediately templates for BUOY data in BUFR and CREX to demonstrate their feasibility and easy implementation.  To accelerate the migration process, the DBCP coordinator recommended that the Member Countries request Service ARGOS to develop BUFR and CREX encoders.

5.3
Additions to the SHIP code

A proposal by the Joint WMO/IOC Technical Commission for Oceanography on Marine Meteorology  (JCOMM) to add information in the SHIP code in section 2 to enable the transmission of metadata information by 200 VOS ships to improve data collection for climate studies was considered too extensive by the team and would have opened the way to further updates of the SHIP code.  It was suggested to JCOMM to use the opportunity of the launch of this major climate project to switch to the CREX code (or BUFR) to be able to transmit this additional data and enable the transmission of any further additional parameters.  As with the buoy code the ICT undertook to immediately develop templates for SHIP data in BUFR and CREX to demonstrate their feasibility and easy implementation.

5.4
Discussion on modifications required for transmission of automatic station observations

5.4.1
Following the Expert Meeting on Requirements and Representation of Data from Automatic Weather Stations (De Bilt, April 1999), two alternative proposals were submitted to the team to modify the SYNOP code to enable the transmission of quantitative values and intensity of precipitations.  The ICT opposed these modifications and reiterated the position of the ET/EDF who met in Monterey, that modifications to alphanumeric code forms was a heavy burden for all Members where processes were automated.

5.4.2
The Representative of the AWS community indicated, however, that the AWS Vendors were, in fact ready to install software to generate BUFR and/or CREX messages in their equipment.  However, they could not proceed because they had no specifications on precisely how to encode their data into these code forms.  The ICT/DRC promised, as a matter of urgency, to develop appropriate BUFR and CREX templates for automatic weather station data, in accordance with the requirements expressed by the CIMO/CBS ET/AWS and with a view to their examination by the CBS ET/AWS in July 2000 and the submission of the corresponding common sequences to CBS for its endorsement.

5.4.3
The ICT agreed to follow the suggestion made last year for additions of descriptors to BUFR and CREX for quantitative precipitation values and recommend them, together with descriptors on related weather phenomena (as explained in 4.2), to CBS, with a view to their implementation on 7 November 2001.

6.
FURTHER RECOMMENDATIONS FOR A MIGRATION STRATEGY

6.1
Summary of results of questionnaire on WMO codes

6.1.1
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 was 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.  The questionnaire was sent to 185 Member Countries of WMO in September 1998.  Fifty-seven countries answered.  The ICT was informed of results of the questionnaire which were reported to the ET/EDF at Monterey.

6.1.2
The ICT noted that almost all the traditional alphanumeric codes were used and that there was therefore no ground to propose the deprecation of obsolete codes.  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 data representation forms, it would be difficult to ensure portability of decoder/encoder software between different machines with different operating systems.  The ICT stressed also that the questionnaire showed how training on BUFR, CREX and GRIB 2 would be important for many countries.

6.2 
Encoding/decoding Software for BUFR, CREX, and GRIB

6.2.1
It had been generally recognized that provision of and support for encoding and decoding software for the table-driven code forms was an indispensable part of any migration plan.  The problem had not been the provision of such software, for a wide variety had been available for some time via the Software Exchange Program.  Rather the problems had been twofold: first, such software was only available in the language and for the operating systems used by the providing Centre; second, the providing Centres were not funded for nor did they have resources to provide support for the donated software.  Since the WMO community was using a wide variety of operating systems, languages, and hardware platforms, and since support for donated software was often needed, the Software Exchange Program had not been able to solve this aspect of the migration problem.

6.2.2
The ICT/DRC Chairman related the experiences of a new US NWS program to provide a set of supported and documented encoding and decoding software for all major WMO code forms for use throughout the Agency.  Although the program had just begun, several decoders were already available from the program's Web site (http://www.nws.noaa.gov/tdl/iwt/).  All software on the official Web site would be freely available to WMO Members as well, although support could not be extended to non-NWS users.  The only controls would be a tracking system designed only to ensure the donating NWS entity was aware of who its users were.  Among the experiences perhaps applicable to the WMO situation was, that even this software was only written for the language and operating system used by the donating Centre, and was often embedded in an operational chain with specific interfaces, which had to be adjusted when transferred in another operational meteorological system.  Expansion of the scope of the program to include all officially accepted NWS operating systems and computer languages had been considered but had not been done due to resource consideration.

6.2.3
Other WMO Centres had encoding and decoding software that could, sometimes under certain conditions, be made available.  For example, the ECMWF made its software available to its Member States and, through bi-lateral arrangements, to other Meteorological Services.  There are, undoubtedly, other Centres who also make their software available as well.

6.2.4
In order to facilitate the migration to table-driven code forms, the WMO Members should develop a coordinated program (based on what was proposed by the ET on EDF - see the Annex to this paragraph) to provide and support encoding and decoding software for its Members.  The software should be available in the most commonly used languages and operating systems and on a variety of hardware platforms.  How such a program would be supported and how it could fit within the WMO structure is a challenge WMO Member States should address.

6.3
Discussion on an essay presenting the advantages of the table driven codes

Although some of the advantages of using BUFR are explained in the Introduction to the Guide to FM 94 BUFR, the Guide to WMO binary code forms had a limited distribution and was destined more to future programmers of BUFR and GRIB encoders/decoders than common users.  The ICT agreed that there was now a need to describe the advantages of using BUFR and/or CREX for exchanging data in a new leaflet.  The aim was to convince, in a simple manner, data producers within the meteorological and associated communities, to exchange their observations using the WMO table driven codes, the encoders/decoders being soon made available to them.  The draft text of a leaflet was proposed by the Secretariat with a view to its distribution to all WMO Members, to the meteorological operational and research communities, and to other associated scientific and technical communities and organisations.  The Team studied carefully the text and after some editorial correction and addition recommended its distribution as soon as possible (see text in Annex to this paragraph).

6.4
Coupling and Decoupling of BUFR and CREX

6.4.1
BUFR and CREX were designed to be closely linked.  The initial CREX tables were, in fact, copied directly from the BUFR tables at that time and appropriate modifications made.  However, CREX was also designed to allow a parameter to be expressed in more than one kind of units.  In order to accomplish this, yet keep the BUFR and CREX tables coupled, an operator descriptor was added to CREX that permits change of units.  This was a compromise with the desire for CREX to be user friendly, for use of the operator descriptor makes the CREX structure somewhat more complicated.

6.4.2  
The Team reviewed this policy at some length.  Concerns were expressed for the competing objectives of maintaining coupling, allowing common usage units in CREX, and keeping the code form user friendly.  Ultimately, it was decided that retaining the current policy was the most effective way to promote the migration process.

6.5
Presentation of the proposal for a migration strategy and a new data flow within the World Weather Watch

6.5.1
The proposal for a migration strategy elaborated by the ET/EDF was presented to the ICT.  This proposal was going far into the future imagining the installation of Regional Data Banks receiving the information in all type of formats and offering real time dissemination in BUFR and request-reply access to files in different formats.  This proposal assumed a reorganized GTS fully under a TCP/IP exchange mode.  Although the Team found that this structure was perhaps the ultimate goal for WWW data flow, which must be more application and user oriented, the ICT found the need for proposing also a more realistic immediate plan processing step by step.

6.5.2
The ICT agreed that the answer to the constant and fast evolution of science and technology, requiring always the transmission of new parameters and new data types, was data representation forms featuring self description, flexibility and expandability.  Only the table driven codes offer these characteristics.  Recognizing the great need for training of staff and for the availability of BUFR and CREX decoding software, after a long discussion, the ICT proposed four lines of action, the final goal being the transmission of observational data only in BUFR. 


i)
Define a calendar for gradual elimination of traditional character codes:



- As from November 2002, if the data producers are able to do so, transmission in real time of observations in BUFR (and also in CREX or traditional code = double dissemination, if requested by users) or CREX only (one should note that the incurred additional volume of data will not be significant for the GTS network in comparison with the volume of presently exchanged NWP products).

- by November 2005: elimination of all traditional WMO Code forms for observations and transmission only in table driven codes: FM 95 CREX or FM 94 BUFR.

- by November 2009 (date to be reviewed and confirmed by CBS in 2006): transmission only in BUFR.


ii)
Define a first set of templates in BUFR and CREX (see paragraph 4.5) for SYNOP from AWS, BUOY and SHIP, before CBS, then define a new set for all observations (not all in CREX, e.g. satellite data) before the end of 2001.


iii)
Distribute the leaflet on the advantages of Table Driven Codes (in 2000) and then produce and distribute with the training an improved Guide on Table Driven Code (2001).  Implement a training programme for all developing countries and recommend that other countries train their own staff.  The training should be completed by 2003.  The funding of the training would require about 300,000 US $ over 2 years.  The current Data Management Training Programme should put as a first priority the understanding of the Table Driven Codes.


iv)
Elaborate a plan to distribute universal BUFR and CREX decoding software to all requesting countries, and accompanying with the training, to be completed by the end of 2004.

7.
REVIEW PROCEDURE FOR AMENDMENT TO THE MANUAL ON CODES

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 agreed that those procedures be submitted at CBS XII with a view to its endorsement.
8.
FUTURE WORK

The Team considered and recommended that an Expert Team meet and review in Spring 2001 the status of actions to be performed as defined below and the need for fast-track additions for implementation in November 2001.  The Team agreed that the following actions were to be undertaken according to the indicated deadlines:

- Validation of GRIB2 before November 2000 (see Annex to paragraph 2.2.2), in particular download test messages from Japan and try to decode them.

- Define additional templates for the transmission in GRIB 2 of Cross-sections and Hovmöller type diagrams (action: Dr Cliff Dey) during 2000.

- Review proposal for metadata in adjoin file to be transmitted (action: Dr Cliff Dey) and reviewed proposal to be presented for further examination by the ICT on Information Exchange and the Inter-programmes Task Team (action: Secretariat) by July 2000.

- Define new entries in Table 30 with data widths more appropriate to the existing satellites (action: Dr Simon Elliot).

- Submit to ET on AWS (July 2000) proposal for related BUFR/CREX additions (action: Secretariat).

- Develop templates (BUFR and CREX) for observation data (see list and schedule in Annex to paragraph 4.5.2).

- Validation before November 2000 of descriptors for reporting turbulence in Automated Aircraft Reports (Action: Dr Cliff Dey).

- Coordinated project for encoding/decoding software to WMO Members (action: Secretariat) during 2000-2001.

- Distribute technical note on advantage of table driven codes (action: Secretariat) by end of 2000.

- Training on table driven codes (action: Secretariat, WMO Members) from 2001 to 2003.

9.
CLOSURE OF THE MEETING

The Meeting was closed by the chairman of the ICT on DR&C at 13.00 on Friday 14 April 2000.
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ANNEX TO PARAGRAPH 2.2.2
List of GRIB2 validations to be performed:
Validations coordination to be performed by Dr Cliff Dey, Chairman of the ICT on DR&C.

Centres involved:

- Australia - Melbourne (contact: Charles Sanders)

- France (contact: Jean Clochard - for complex packing tests)

- Japan - Tokyo (contacts: Mr Shimazaki, Mr Keiichi Kashiwagi)

- USA - Washington (contact: Cliff Dey, Dr Harry Glahn)

- ECMWF (contacts: John Hennessy, John Chambers)

- EUMETSAT (contact: Dr Simon Elliot)

ANNEX TO PARAGRAPH 4.1

Add a note under Class 30:

Note:

In order to distinguish unambiguously the cases of missing data and saturated pixels, n-bit image data should be encoded using a data width of n+1.  Where such a descriptor is not already available in Class 30, operator descriptor 2 01 YYY should be used to modify the data width of the existing entry as required.

ANNEX TO PARAGRPH 4.2

ADDITIONS IN BUFR AND CREX

Add in BUFR and CREX the following entries:

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

B 13 059
   (thunderstorm)


0
0
3

Class 20:

0 20 021
Type of precipitation
Flag table
0
0
21

B 20 021



0
0
7

0 20 022
Character of precipitation
Code table
0
0
4

B 20 022



0
0
2

0 20 023
Other weather phenomena
Flag table
0
0
18

B 20 023



0
0
6

0 20 024
Intensity of phenomena
Code table
0
0
3

B 20 024



0
0
1

0 20 025
Obscuration
Flag table
0
0
15

B 20 025



0
0
5

0 20 026
Character of obscuration
Code table
0
0
4

B 20 026



0
0
2

0 20 027
Phenomena occurrence
Flag table
0
0
9

B 20 027
0
0
3

Flag Table
0 20 021

Type of precipitation

1 Precipitation-unknown type

2 Fluid precipitation not freezing

3 Fluid freezing precipitation

4 Drizzle

5 Rain

6 Solid precipitation

7 Snow

8 Snow grains 

9 Ice pellets 

10 Ice crystals

11 Diamond dust

12 Small hail

13 Hail

14
Glaze

15
Rime

16
Hoar frost

17
Dew

18-20
Reserved

All 21
Missing value

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

Code table

0 20 022

Character of precipitation

0
No precipitation

1
Continuous

2
Intermittent 

3
Shower

4
Not reaching ground

5
Deposition

6-14
Reserved

15
Missing value

Flag Table

0 20 023

Other weather phenomena

1
Dust/sand whirl

2
Squalls

3
Sand storm

4
Dust storm

5
Lightning - cloud to surface

6
Lightning - cloud to cloud

7
Lightning - distant

8
Thunderstorm

9
Funnel Cloud not touching ground

10
Funnel cloud touching ground

11
Spray

12-17
Reserved

All 18
Missing value

Code Table

0 20 024

Intensity of phenomena

0
No phenomena

1
Light

2
Moderate

3
Heavy

4
Violent

5-6
Reserved

7
Missing value

Flag Table
0 20 025

Obscuration

1
Fog

2
Ice fog

3
Steam fog

4
Mist

5
Haze

6
Smoke

7
Volcanic ash

8
Dust

9
Sand

10
Snow

11-14
Reserved

All 15
Missing value

Code Table

0 20 026

Character of obscuration

0
No change

1
Shallow

2
Patches

3
Partial

4
Freezing

5
Low drifting

6
Blowing

7
Increasing

8
Decreasing

9
In suspension in the air

10
Wall

11
Dense

12
Whiteout

13-14
Reserved

15
Missing value

Flag Table

0 20 027



Phenomena occurrence

1
At time of observation

2
In past hour

3
In time period for past weather W1W2
4
In time period specified

5-6
Reserved

7
At the station

8
In the vicinity

All 9
Missing value

Note : Phenomenon in 0 20 027 means any phenomenon, including precipitation and obscuration.

Add:

“(See Note 1)” to 0-20-003 and “(See Note 2)” to 0-20-004 and 0-20-005 in Class 20 of BUFR Table B with the added following notes:

Notes:

(1): When encoding present weather reported from an automatic weather station, the appropriate combination of descriptors 0-20-021, 0-20-022, 0-20-023, 0-20-024, 0-20-025, 0-20-026, and 0-20-027 should be used and preferred.  A descriptor 0-20-003 should by used only when descriptors mentioned above are not applicable. 

(2): When encoding past weather reported from an automatic weather station, the appropriate combination of descriptors 0-20-021, 0-20-022, 0-20-023, 0-20-024, 0-20-025, 0-20-026, and 0-20-027 should be used and preferred.  Descriptors 0-20-004 or 0-20-005 should by used only when descriptors mentioned above are not applicable.  

ANNEX TO PARAGRAPH 4.3

New entries for BUFR table B are

F
X
Y
Element name


Unit
Scale
Ref. Value
Data width

0
21
091
Radar signal Doppler 




spectrum 0th moment

dB
0
-100

8

0
21
092
RASS signal Doppler 




spectrum 0th moment,




referring to RASS signal
dB
0
-100

8

0
25
091
Structure constant of the




refraction index (cn2)

dB
3
-18192

13

0
25
092
Acoustic propagation 




velocity


m s-1
2
28000

14

0
25
093
RASS computation

Flag




correction


table
0
0

8

Add the following flag table
0 25 093

RASS computation correction


Bit No.


1 No correction

2 Vertical velocity correction

3-6 Reserved

7
All corrections


All 8
Missing value

Add to code table  0  02  003 - Type of measuring equipment used:


Code


Figure

8 Radio-Acoustic Sounding System (RASS)


9
Sodar


10-13
Reserved

Add to BUFR table D:







(Basic information (System/site header) on Wind profiler/RASS)

3 21 021
0 02 003

Type of measuring equipment used



0 02 101

Type of antenna



2 01 130

Change width to 8 bits




0 02 106

3-dB beam width



2 01 000

Change width to table B




2 01 132

Change width to 11 bits




2 02 130

Change scale to -6




0 02 121

Mean frequency



2 02 000

Change scale to table B




2 01 000

Change width to table B




2 01 133

Change width to 11 bits




2 02 129

Change scale to 0




0 25 001

Range-gate length



2 02 000 
Change scale to table B




2 01 000

Change width to table B







(Wind profiler: Processed-data winds)

3 21 022
0 10 007

Height



2 04 001

Add associated field of 1 bit in length



0 31 021

Associated field significance



0 11 001

Wind direction



2 04 000

Cancel add associated field



0 11 002

Wind speed



2 04 001

Add associated field of 1 bit in length



0 31 021

Associated field significance



0 11 006

w-component



2 04 000

Cancel add associated field



0 21 030

Signal to noise ratio






(Wind profiler: Raw-data winds)

3 21 023
0 07 007

Height




0 21 091

Radar signal Doppler spectrum 0th moment



0 21 030

Signal to noise ratio



2 02 129

Change scale to 2




0 21 014 
Doppler mean velocity (radial)



2 01 129

Change width to 9 bits




0 21 017

Doppler velocity spectral width



2 02 000

Change scale to table B




2 01 000

Change width to table B







(RASS-Mode: Processed-data RASS)

3 21 024
0 07 007

Height



2 04 001

Add associated field of 1 bit in length



0 31 021

Associated field significance



0 12 007

Virtual temperature



0 11 006

w-component



2 04 000

Cancel add associated field



0 21 030

Signal to noise ratio






(RASS-Mode: Raw-data RASS)

3 21 025
0 07 007

Height



0 21 091

Radar signal Doppler spectrum 0th moment



0 21 030

Signal to noise ratio



2 02 129

Change scale to 2




0 21 014 
Doppler mean velocity (radial)



2 01 129

Change width to 9 bits




0 21 017

Doppler velocity spectral width



2 02 000

Change scale to table B




2 01 000

Change width to table B




0 21 092

RASS signal Doppler spectrum 0th moment, referring to RASS signal




0 21 030

Signal to noise ratio, referring to RASS signal




0 25 092

Acoustic propagation velocity




2 01 129

Change width to 9 bits




2 02 129

Change scale to 2




0 21 017

Doppler velocity spectral width, referring to RASS signal




2 02 000

Change scale to table B




2 01 000

Change width to table B







(RASS data - fluxes)

3 21 026
0 10 007

Height



2 04 001

Add associated field of 1 bit in length



0 31 021

Associated field significance



0 12 007

Virtual temperature




0 25 091

Structure constant of the refraction index (cn2)



0 11 071

Turbulent vertical momentum flux



0 11 072

Turbulent vertical buoyancy flux



0 11 073

Turbulent kinetic energy



0 11 074

Dissipation energy



2 04 000

Cancel add associated field

ANNEX TO PARAGRAPH 4.4

Replace notes (1) and (2) under Class 13 with:

(1)
A precipitation value of -0.1kg m-2 before scaling (-1 after scaling) shall indicate a “trace” (non-measurable, less than 0.05 kg m-2).

(2)
A snow depth value of -0.01 m before scaling (-1 after scaling) shall indicate a little (less than 0.005 m) snow.  A value of -0.02 m (-2 after scaling) shall indicate “snow cover not continuous”.

Delete note (3) and then re-number the remaining notes.

ANNEX TO PARAGRAPH 4.5.2

NEEDS FOR BUFR/CREX TEMPLATES


SHORT TERM (NOW)

MID-TERM (1.5 YEARS)






[image: image8.wmf]BUFR and CREX Tables

List of Common

 Sequences:

group of 

descriptors of

 elements

TABLE D

List of

descriptors of

 elements:

TABLE B

Code and Flag 

Tables

 

 

B+C:
(SYNOP + SYNOP AWS(1) + SYNOP MOBILE)


Combined; B+C 
(LAND SURFACE)



B+C:
(METAR + SPECI)




B+C:
(SHIP)
(1)

Combined; B+C

(MARINE SURFACE)



B+C:
(BUOY: Drifting + Moored)
(1)



B+C:
TEMP + PILOT


Combined + ACARS; B+C
(AVIATION)



B+C:
AMDAR




B+C:
AIREP









B+C:
TAF………………………………………………………….

N.C.

B+C:
TRACKOB


N.C.

B+C:
(BATHY + TESAC)
(2)

N.C.

B+C:
WAVEOB


N.C.

B+C:
(CLIMAT + CLIMAT SHIP)


N.C.

B+C:
(CLIMAT TEMP + CLIMAT TEMP SHIP)


N.C.

B+C.
SATOB


N.C.

B+C.
SATEM


N.C.


WIND PROFILER already available in BUFR


N.C.


ACARS are already available in BUFR


N.C.

Notes:
(1)
Immediate need - first priority


(2)
Second priority


N.C = not combined


B+C = BUFR + CREX

ANNEX TO PARAGRAPH 4.7.1

Proposed additions
F-XX-YYY
Element Name


Unit
Scale Ref
Bits
0 12 101
Temperature/dry‑bulb temperature
K
2
0
16

0 12 102
Wet‑bulb temperature


K
2
0
16

0 12 103
Dew‑point temperature

K
2
0
16

0 12 104
Dry-bulb temperature at 2 m 

K
2
0
16

0 12 105 
Wet-bulb temperature at 2m

K
2
0
16

0 12 106
Dew-point temperature at 2 m
K
2
0
16

0 12 107
Virtual temperature


K
2
0
16

0 12 111
Maximum temperature, at height
K
2
0
16

and over period specified

0 12 112
Minimum temperature, at height
K
2
0
16

and over period specified

0 12 113
Ground minimum temperature,
K
2
0
16



past 12 hours

0 12 114
Maximum temperature at 2m,
K
2
0
16



past 12 hours

0 12 115
Minimum temperature at 2m,

K
2
0
16



past 12 hours

0 12 116
Maximum temperature at 2m,
K
2
0
16



past 24 hours

0 12 117
Minimum temperature at 2m,

K
2
0
16



past 24 hours

0 12 130
Soil temperature


K
2
0
16

0 12 152
Highest daily mean temperature
K
2
0
16

0 12 153
Lowest daily mean temperature
K
2
0
16

0 12 161
Skin temperature


K
2
0
16

0 12 162
Equivalent black body temperature
K
2
0
16

0 12 163
Brightness temperature

K
2
0
16

0 12 164
Instrument temperature

K
2
0
16

0 12 171
Coldest cluster temperature

K
2
0
16

0 22 141
Sea‑surface temperature

K
2
0
15

(15‑day running mean)

Same for CREX with units in °C and scale 2 and data width of 4 up to 163 and then 5 for 164 and 171.

ANNEX TO PARAGRAPH 4.7.2

Additions for QUICSCAT data

Table B new entries required:

012065
Standard deviation brightness temperature
K

1
0
12

021120
Probability of rain



Numeric
3
0
10

021121
SEAWINDS NOF* rain index


Numeric
0
0
  8

021122
Attenuation correction on sigma-0 (from tB)
dB

2     -10000
14

021123
SEAWINDS normalized radar cross section
dB

2     -30000
15

* NOF = Normalized Objective Function

Addition to 008025 code table

Code figure

    5        Time difference from edge of processing segment

Four additional Table D entries are required to represent SEAWIND QUIKSCAT data.  These are the sequences needed for BUFR Table D:

312028
301046

301011

301013

301023

008025

Time difference qualifier 

201136

Change data width

004006

Second

201000

Change data width back to Table B

312031

312032

101004

Next descriptor replicated four times

312030

101002

Next descriptor replicated two times 

312033

021110

Number of inner-beam sigma-0 (forward of satellite)

301023

321028

021111

Number of outer-beam sigma-0 (forward of satellite) 

301023

321028

021112

Number of inner-beam sigma-0 (aft of satellite) 

301023

321028

021113

Number of outer-beam sigma-0 (aft of satellite) 

301023

321028

321028
021118
Attenuation correction on sigma-0

202129
Change scale



201132
Change data width



002112
Radar look angle 

201000
Data width back to Table B

201131

Change data width 

002111

Radar incidence angle

201000

Data width back to Table B 

202000

Scale back to table B

002104

Likelihood computed for solution

021123

SEAWINDS normalized radar cross section 

021106

Kp variance coefficient (alpha)

021107

Kp variance coefficient (beta)

021114

Kp variance coefficient (gamma)

021115

SEAWINDS sigma-0 quality flag 

021116

SEAWINDS sigma-0 mode flag 

008018

SEAWINDS land/ice surface flag 

021117

Sigma-0 variance quality control 

312032
021120
Probability of rain 

021121
SEAWINDS NOF rain index

013055
Intensity of precipitation 

021122
Attenuation correction on sigma-0 (from tB)

312033
002104
Antenna polarisation 

008022

Total number (with respect to accumulation 

012063

Brightness temperature 

012065

Standard deviation brightness temperature 

ANNEX TO PARAGRAPH 4.7.3

Additions to represent the new ATSR SST product (SADIST-2) data:

Add new Table B entry:

0 21 070
SST product confidence data (SADIST-2)
Flag table
0
0
23

0 21 070
SST product confidence data (SADIST-2)

Bit
Meaning when set

1-9 Nadir-only view SST retrieval used 3.7micron channel (one bit per 10-arcmin cell)

1  Cell 1:nadir-only view SST used 3.7 micron channel

2  Cell 2:nadir-only view SST used 3.7 micron channel

3  Cell 3:nadir-only view SST used 3.7 micron channel

4  Cell 4:nadir-only view SST used 3.7 micron channel

5  Cell 5:nadir-only view SST used 3.7 micron channel

6  Cell 6:nadir-only view SST used 3.7 micron channel

7  Cell 7:nadir-only view SST used 3.7 micron channel

8  Cell 8:nadir-only view SST used 3.7 micron channel

9  Cell 9:nadir-only view SST used 3.7 micron channel

10-18 Dual view SST retrieval used 3.7micron channel (one bit per 10-arcmin cell)

10 Cell 1: dual view SST used 3.7 micron channel

11 Cell 2: dual view SST used 3.7 micron channel

12 Cell 3: dual view SST used 3.7 micron channel

13 Cell 4: dual view SST used 3.7 micron channel

14 Cell 5: dual view SST used 3.7 micron channel

15 Cell 6: dual view SST used 3.7 micron channel

16 Cell 7: dual view SST used 3.7 micron channel

17 Cell 8: dual view SST used 3.7 micron channel

18 Cell 9: dual view SST used 3.7 micron channel

19
Nadir view contains day-time data (night if zero)

20
Forward view contains day-time data (night if zero)

21
Record contains contributions from instrument scans acquired when ERS platform not in yaw-steering mode

22 Record contains contributions from instrument scans for which Product Confidence Data show quality is poor or unknown

All 23
Missing value

New Table D entry:

(ATSR SST PRODUCT (SADIST-2))

TABLE REFERENCE
TABLE REFERENCES
ELEMENT NAME

3 12 027
3 01 047
ERS product header


1 05 009
Repeat next 5 descriptors 9 times


3 01 023
Location (course Latitude + Longitude) of 10-arcmin cell


0 07 021
Elevation: Incidence angle Nadir view [set to zero]


0 12 061
Skin temperature: SST [Nadir-only view]


0 07 021
Elevation: Incidence angle Dual view [set to 'missing']


0 12 061
Skin temperature: SST [Dual view]


0 21 085
ATSR SST across-track band number [0-9]


0 21 070
SST product confidence data (SADIST-2) [23-bit flag]

ANNEX TO PARAGRAPH 4.7.4

1.  Templates for soil temperature measurements proposed by the ECMWF

 A BUFR template for soil temperature data:

3 01 031




0 01 001
  WMO block number


0 01 002
  WMO station number


0 02 001
  Type of station


0 04 001
  Year (of observation)


0 04 002
  Month (of observation)


0 04 003
  Day (of observation)


0 04 004
  Hour (of observation)


0 04 005
  Minute (of observation)


0 05 001
  Latitude (high accuracy)


0 06 001
  Longitude (high accuracy)


0 07 001
  Height of station

1 02 00x

  Replicate 2 descriptors x times (see note below)

0 07 061

  Depth below land surface

0 12 030

  Soil temperature

Note: 

According to the Guide on the GOS, a principal agrometeorological station is required to measure soil temperature at depths of 5, 10, 20, 50 and 100 cm. Besides this, some stations measure soil temperature at additional depths for special purposes and in forest areas. 

A CREX template for soil temperature data measured at number of depths not exceeding five:
D 01 031




B 01 001
  WMO block number


B 01 002
  WMO station number


B 02 001
  Type of station


B 04 001
  Year (of observation)


B 04 002
  Month (of observation)


B 04 003
  Day (of observation)


B 04 004
  Hour (of observation)


B 04 005
  Minute (of observation)


B 05 001
  Latitude (high accuracy)


B 06 001
  Longitude (high accuracy)


B 07 001
  Height of station

R 02 005

  Replicate 2 descriptors 5 times (see note above)

B 07 061

  Depth below land surface

B 12 030

  Soil temperature

If the number of depths at which soil temperature is measured, does not exceed five, the replication descriptor 1 02 00x  = 1 02 005.  In case that number of depths is bigger than five, the replication descriptor would be modified accordingly, e.g. the UK soil temperature data, measured at depths of 5, 10, 20, 30, 50 and 100 cm, would require the replication descriptor 1 02 00x  = 1 02 006. 

2. Templates for soil temperature data measured at wide variety of number of depths

A BUFR template for soil temperature data measured at wide variety of number of depths:

3 01 031

 Identification, type, date/time, position (high accuracy), height

1 02 000

 Delayed replication of  2 descriptors 

0 31 001

 Number of replications

0 07 061

 Depth below land surface

0 12 030

 Soil temperature

And a corresponding CREX template: 

D 01 031

 Identification, type, date/time, position (high accuracy), height

R 02 000

 Delayed replication of  2 descriptors 

B 07 061

 Depth below land surface

B 12 030

 Soil temperature

3. Proposal for new sequence descriptors

    This proposal is based on the presumption that inclusion of five depths would be sufficient for prevailing majority of exchanged soil temperature data.   

New CREX sequence descriptors D07060, D07061, D07062 and D07063 are proposed.  Following CREX Regulations, the corresponding new BUFR descriptors are not proposed to be added to BUFR Table D because they are the same as their CREX counterparts.


(Soil temperature below land surface)

D 07 060
B 07 061
Depth below land surface


B 12 030
Soil temperature







(Soil temperature data at number of depths not exceeding five -high accuracy location)

D 07 061
D 01 031
Identification, type, date/time, position (high accuracy), height


R 01 005
Replicate 1 descriptor 5 times


D 07 060
Depth below land surface, soil temperature







(Soil temperature data at number of depths not exceeding five - coarse accuracy location)

D 07 062
D 01 032
Identification, type, date/time, position (coarse accuracy), height


R 01 005
Replicate 1 descriptor 5 times 


D 07 060
Depth below land surface, soil temperature







(Soil temperature with scale of 2 below land surface)

D 07 063
D 07 061
Depth below land surface


D 12 130
Soil temperature (with scale of 2)

ANNEX TO PARAGRAPH 4.7.5

Additions to represent retrieved atmospheric gases data:

Three new table B elements:

002172 Product type for retrieved atmospheric gases     Code table   0  0  8

010040 Number of retrieved layers                       Numeric      0  0 10

015020 Integrated O3 density                            kg m-2        8  0 21

Code table
002172 

Product type for retrieved atmospheric gases

Code figure   Meaning

    0         Reserved

    1         Retrieval from a nadir sounding

    2         Retrieval from a limb sounding

  3-254    Reserved

  255       Missing value

These are the sequences needed for BUFR Table D:




(Ozone data)

 310020    310022

           301011
Year, month, day

           301013
Hour, minute, second

           301021
Lat., long. (high accuracy)

           304034

           310021

 310021    108000
Delayed replication of 8 next descriptors

           031001 Delayed descriptor replication factor 

           201131
Change data width

           202129
Change scale

           007004
Pressure

           007004
Pressure 

           202000
Change scale to Table B

           201000
Change data width to Table B


           015020
Integrated O3 density

           010002
Height

 310022    001007  Satellite identifier 

           002019  Satellite instrument used

           001033  Identification of originating/generating centre

           002172  Product type for retrieved atmospheric gases 

 304034    102004  Replicating next two descriptors 4 times

           027001  Latitude(high accuracy)

           028001  Longitude(high accuracy) 

           007022  Solar elevation 

           005043  Field of view number 

           020010  Cloud cover (total) 

           020016  Pressure at top of cloud 

           033003  Quality information table 

         010040  Number of retrieved layers

ANNEX TO PARAGRAPH 4.7.6

Additions for automatic weather stations data:

Class 04 -Location (time)

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA
WIDTH
(BITS)

F
X
Y






0
04
017
Reference time period for accumulated or extreme data
Minute
0
-1440
12

Class 10 -Non-coordinate location (vertical)

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA
WIDTH
(BITS)

F
X
Y






0
10
010
Minimum pressure reduced to mean sea level
Pa
-1
0
14

0
10
011
Maximum pressure reduced to mean sea level
Pa
-1
0
14

Class 11 -Wind and turbulence

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA
WIDTH
(BITS)

F
X
Y






0
11
010
Wind direction associated with wind speed which follows
Degree true
0
0
9

0
11
046
Maximum instantaneous wind speed 
m s-1
1
0
12

0
11
047
Maximum instantaneous wind speed over 10 minutes
m s-1
1
0
12

Class 12 - Temperature

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA
WIDTH
(BITS)

F
X
Y






0
12
021
Maximum temperature at  2m
K
2
0
16

0
12
022
Minimum temperature at  2m
K
2
0
16

Class 13 - Hygrographic and hydrological elements

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA
WIDTH
(BITS)

F
X
Y






0
13
007
Minimum relative humidity
%
0
0
7

0
13
008
Maximum relative humidity
%
0
0
7

Class 14 - Radiation and radiance

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA
WIDTH
(BITS)

F
X
Y






0
14
028
Global solar radiation (high accuracy), integrated over period specified
J m-2
-2
0
16

0
14
029
Diffuse solar radiation (high accuracy), integrated over period specified
J m-2

-2
0
16

0
14
030
Direct solar radiation (high accuracy), integrated over period specified
J m-2

-2
0
16

0
14
034
Sunshine over period specified
Minute
0
0
11

Class 33 - Quality information

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA
WIDTH
(BITS)

F
X
Y















0
33
041
Attribute of following value
Code table
0
0
2

Code table:

033041  
Attribute of following value

Code figure


0
The following value is the true value

1
The following value is higher than the true value (the measurement hit the lower limit of the instrument)

2
The following value is lower than the true value (the measurement hit the higher limit of the instrument)

3
Missing value

Note: This descriptor will be associated with visibility data or height of clouds data to specify if the value is bounded.  If the reported data is the true value, the code figure is 0.  However, the measurement can hit the limit of the instrument measurement capability.  If the reported value is higher than the true value, the code figure is 1, if the reported value is lower than the true value, the code figure is 2.

ANNEX TO PARAGRAPH 4.7.7

Additions for reporting Turbulence in Automated Aircraft Reports:

Table B descriptors:


Turbulence Index (0-11-037):

Unit: 


Code Table

Scale: 


0

Reference Value: 
0

Data width: 

6 bits

Time of Occurrence of Peak Eddy Dissipation Rate (0-11-038):


Unit: 


Code Table

Scale: 


0

Reference Value: 
0

Data width: 

5 bits

0-11-037:
Turbulence Index

   

           Average Value of

  Peak Value of

Eddy Dissipation

Eddy Dissipation

     Code

      Rate (ave)


    Rate (peak)

    Figure    

      (m2/3 s-1)        

      (m2/3 s-1)      
        0


           ave < 0.1

           peak < 0.1

        1


           ave < 0.1

0.1 <= peak < 0.2

        2


0.1 <= ave < 0.2

0.1 <= peak < 0.2

        3


           ave < 0.1

0.2 <= peak < 0.3

        4


0.1 <= ave < 0.2

0.2 <= peak < 0.3

        5


0.2 <= ave < 0.3

0.2 <= peak < 0.3

        6


           ave < 0.1

0.3 <= peak < 0.4

        7


0.1 <= ave < 0.2

0.3 <= peak < 0.4

        8


0.2 <= ave < 0.3

0.3 <= peak < 0.4

        9


0.3 <= ave < 0.4

0.3 <= peak < 0.4

      10


           ave < 0.1

0.4 <= peak < 0.5

      11


0.1 <= ave < 0.2

0.4 <= peak < 0.5

      12


0.2 <= ave < 0.3

0.4 <= peak < 0.5

      13


0.3 <= ave < 0.4

0.4 <= peak < 0.5

      14


0.4 <= ave < 0.5

0.4 <= peak < 0.5

      15


           ave < 0.1

0.5 <= peak < 0.8

      16


0.1 <= ave < 0.2

0.5 <= peak < 0.8

      17


0.2 <= ave < 0.3

0.5 <= peak < 0.8

      18


0.3 <= ave < 0.4

0.5 <= peak < 0.8

      19


0.4 <= ave < 0.5

0.5 <= peak < 0.8

      20


0.5 <= ave < 0.8

0.5 <= peak < 0.8

      21


           ave < 0.1

0.8 <= peak


      22


0.1 <= ave < 0.2

0.8 <= peak


      23


0.2 <= ave < 0.3

0.8 <= peak


      24


0.3 <= ave < 0.4

0.8 <= peak


      25


0.4 <= ave < 0.5

0.8 <= peak


      26


0.5 <= ave < 0.8

0.8 <= peak


      27


0.8 <= ave

   
0.8 <= peak


      28


         Nil


         Nil

   29-62

    Reserved


    Reserved

      63 


Missing Value

Missing Value

Code tables:

0-11-038:
Time of Occurrence of Peak Eddy Dissipation Rate

     Code 

    Minutes prior to

    Figure

observation time (min)
    0


           min <   1

    1


  1 <= min <   2

    2


  2 <= min <   3

    3


  3 <= min <   4

    4


  4 <= min <   5

    5


  5 <= min <   6

    6


  6 <= min <   7

    7


  7 <= min <   8

    8


  8 <= min <   9

    9


  9 <= min < 10

  10


10 <= min < 11

  11


11 <= min < 12

  12


12 <= min < 13

  13


13 <= min < 14

  14


14 <= min < 15

  15


No timing information available

16-30


Reserved

  31


Missing Value

ANNEX TO PARAGRAPH 4.7.8

Rename Code table 0-33-026 as "Moisture quality" so that it could potentially be used for any type of moisture measurement (e.g. relative humidity, dew-point temperature, mixing ratio, etc.) and to add code figure "9" = "Sensor not installed" as an entry within the renamed table.

ANNEX TO PARAGRAPH 5.1.1

—   —   —   —   —

Modifications to Code Forms:

FM 15-X Ext. METAR

FM 16-X Ext. SPECI

1) Code form.  Delete the brackets from the time group YYGGggZ.  Reason: for operational reasons,  the time group will be required to be included in all messages in the METAR/SPECI code forms (Amendment 72 to Annex 3);

2) Code form.  Add “or NSC” under “SKC”.  Reason: no operational requirement for information on clouds with bases above 1 500 m (5 000 ft) or the minimum sector altitude, whichever is the greater.  This would align METARs/SPECIs with local MET reports, TREND and TAF forecasts (Amendment 72 to Annex 3);

3) Code form.  Add “(WTsTs/SS)” after “WS ALL RWY”.  Reason: subject to regional air navigation (RAN) agreement, the sea-surface temperature and the state of the sea should be included as supplementary information in reports in the METAR/SPECI code forms (Amendment 69 to Annex 3);

4) 15.1.1.  Delete the last sentence “However, in a bulletin the code name METAR and SPECI may be omitted by regional air navigation agreement, or agreement between the authorities concerned”.  Reason: the code name is required for each report (Amendment 72 to Annex 3);

5) 15.3.1.  Amend to read as follows “The day of the month and the time of observation in hours and minutes UTC followed, without a space, by the letter indicator Z shall be included in each individual METAR report.”  Reason: the time group is required to be included in every report in the METAR code form no matter whether the report is in a bulletin or not (Amendment 72 to Annex 3);

6) 15.3.2.  Amend to the first sentence to read as follows “This group shall be included in each individual SPECI report.”; Retain the second sentence.  Reason: the time group is required to be included in every report in the SPECI code form (Amendment 72 to Annex 3);

7) 15.5.2.  Amend the second sentence to read as follows: “A variable wind at higher speeds shall be reported only when the variation of wind direction is 180° or more, or when it is impossible to determine a single wind direction, for example when a thunderstorm passes over the aerodrome”.  Reason: the criteria of reports in the METAR/SPECI code forms are aligned with those of local routine and special reports (Amendment 72 to Annex 3);

8) 15.5.3.  Add “but less than 180°” after “60° or more”; reason: See 7) above;

9) 15.5.6.  Add a new sentence at the end of the paragraph to read as follows: “When the wind speed is 100 knots or more (50 m s-1 or 200 km/h), the groups “ff” and “fmfm” shall be preceded by the letter indicator P and reported as P99KT (P50MPS or P199KMH);  Reason: the maximum wind speed to be reported had to be specified explicitly for the emerging data-link applications (Amendment 72 to Annex 3);

15.6 Introduce the following note:

“NOTE : The coding of visibility is based on the use of the metre and kilometre, in accordance with the units specified in ICAO Annex 5.  However, some Members in Region IV use statute miles and fractions thereof in accordance with national coding procedures as indicated in the Volume II of this Manual, Regional Codes and National Coding Practices.”

10) 15.6.4   Delete “horizontal”.  The term “horizontal” has been deleted from Annex 3 (Amendment 72 to Annex 3);

11) 15.7 Introduce the following note:

“NOTE : The coding of runway visual range is based on the use of the metre, in accordance with the unit specified in ICAO Annex 5.  However, some Members in Region IV use feet in accordance with national coding procedures as indicated in the Volume II of this Manual, Regional Codes and National Coding Practices.

12) 15.7.2.  Add “up to a maximum of four” after “each runway”.  Reason: the maximum number is specified in Annex 3.  It is noted that the maximum number is already indicated in 15.7.4.1; however, the limitation should be stated from the outset (Amendment 69 to Annex 3);

13) 15.7.3.  Replace the third and fourth sentences with the following:  “The letter shall be appended to DRDR as necessary in accordance with the standard practice for runway designation, as laid down by ICAO in Annex 14 — Aerodromes, Volume I — Aerodrome Design and Operations, paragraphs 5.2.24 and 5.2.25”.  Operational requirements have been amended in Annex 14 (Amendment 1 to Annex 14);

14) 15.9.  Add “or NSC” under “SKC”.  Reason: see 2) above;

15) 15.9.1.1.  Add the following as the last sentence: “If there are no clouds below 1500m (5000ft) or below the highest minimum sector altitude, whichever is greater, no cumulonimbus and no restriction on vertical visibility and the abbreviations “CAVOK” and “SKC” are not appropriate, the abbreviation “NSC” shall be used”.  Reason: see 2) above;

16) 15.13.  Add “(WTsTs/SS)” after “WS ALL RWY”.  Reason: see 3) above;

17) 15.13.1.  Add “and, subject to RAN agreement, sea-surface temperature and state of the sea.” Reason: see 3) above;

18) 15.13.2.1.  Add the following sentence at the end of the paragraph: “No intensity of the recent weather phenomena shall be indicated”.  Reason: there is no operational requirement for such information (Amendment 72 to Annex 3);

19) 15.13.2.2.  Delete in toto.  Reason: see 19) above; and

20) 15.13.4.  Add the following section after this paragraph:

”15.13.5
Sea-surface temperature and the state of the sea  (WTsTs/SS)

15.13.5.1
The sea-surface temperature shall, by regional agreement, be reported according to the regional ICAO Regulation 15.11.  The state of the sea shall be reported in accordance with Code table 3700.”

—   —   —   —   —

FM 51-X Ext. TAF

21. Code form.  Delete the brackets from the time group YYGGggZ.  Reason: the date and time group is required to be included in every forecast in the TAF code form (Amendment 72 to Annex 3);

22. Code form.  Delete the brackets from the “or NSC”.  Reason: the use of NSC would not any longer be subject to RAN agreement (Amendment 72 to Annex 3);

23. Code form.  Delete groups (6IchjhjhjtL) and (5BhBhBhBtL).  The air navigation plans for all ICAO Regions indicate that “The group (6IchjhjhjtL) and (5BhBhBhBtL) should not be included in aerodrome forecasts”.  Since, de facto, no State is in a position to use these groups in aerodrome forecasts in the TAF code form, the icing and turbulence groups should be deleted as redundant;

24. Code form.  Amend the temperature forecast group to read as follows: “(TXTFTF/GFGFZ TNTFTF/GFGFZ)”.  Reason: Annex 3 specifies clearly that if the forecast temperature is included in TAF forecasts (in accordance with RAN agreement), the maximum and minimum temperatures expected to occur during the period of validity of the aerodrome forecast should be given, together with their corresponding times of occurrence (Amendment 71 to Annex 3);

25. 51.1.1  Delete the last sentence “However, in a bulletin the code name TAF may be omitted by regional air navigation agreement, or by agreement between the authorities concerned.”  Reason: the code name is required for each report (Amendment 72 to Annex 3);

26. 51.1.2.  Delete the words “if required”.  Reason: the time group is required to be included in every aerodrome forecast in the TAF code form (Amendment 72 to Annex 3);

Note. - With regard to 51.3.5, Regulation 15.5.6 as amended above still applies.  Therefore, no change to 51.3.5 is required.
27. 51.4 Introduce the following note:

NOTE : The coding of visibility is based on the use of the metre and kilometre, in accordance with the units specified in ICAO Annex 5.  However, in Region IV, statute miles and fractions thereof are used in accordance with national coding procedures as indicated in the Volume II of this Manual, Regional Codes and National Coding Practices.

28. 51.6.3.  Delete “When so determined by regional air navigation agreement”.  Reason: no operational requirement for information on clouds with bases above 1 500 m (5 000 ft) (Amendment 72 to Annex 3);

29. 51.8 and 51.9.  Delete in toto.  Reason: see 3) above;

30. 51.12.  Amend to read “Group ((TXTFTF/GFGFZ TNTFTF/GFGFZ).  Reason see 4) above;

31. 51.12.1.  Amend to read as follows: “To indicate forecast maximum and minimum temperatures expected to occur at the time indicated by GFGFZ, the letter indicator TX for the maximum forecast temperature and TN for the minimum forecast temperature shall precede TFTF without a space.” Reason: see 4) above; and

32. 51.12.3.  Delete in toto.  Reason: see 4) above.

—   —   —   —   —

FM 53-X Ext. ARFOR

Add the following note under ARFOR Code Form:

Note:
No aeronautical requirement for this code form is stated by ICAO for international air navigation in the ICAO Annex 3 / WMO Technical Regulations (C.3.1).

ANNEX TO PARAGRAPH 5.2.1

Change FM 18 Code form to:

SECTION 4
444
(1QpQ2QTWQ4)
(2QNQLQaQz) 

{(QcLaLaLaLaLa)
(LoLoLoLoLoLo) or (YYMMJ Gggg/)}

(3ZhZhZhZh*    4ZcZcZcZc)*
(5BtBtXtXt)*

(6AhAhAhAt)*
(7VBVBdBdB)
(8ViViViVi)

(9/ZdZdZd)

Qz

Indicates whether or not depths are corrected using hydrostatic pressure*
ZhZhZhZh  
Hydrostatic pressure of lower end of cable (1000 Pa)*

ZcZcZcZc 
Length of cable in meters (thermistor string)*

BtBtXtXt

Buoy type and drogue type*

AhAhAh 

Anemometer height*

At 

Type of anemometer*

VBVBdBdB 
Speed (cm/s) and direction (10 deg) of buoy at last known position

In Section 4, presence of fields (QcLaLaLaLaLa
LoLoLoLoLoLo) and (YYMMJ GGgg/) is driven by the value of QL indicator:

· Group 2QNQLQa/ absent: fields (QcLaLaLaLaLa   LoLoLoLoLoLo) and (YYMMJ GGgg/) not coded

· QL=1: fields YYMMJ   GGgg/ coded (fields QcLaLaLaLaLa   LoLoLoLoLoLo absent)

· QL=2: fields QcLaLaLaLaLa   LoLoLoLoLoLo coded (fields YYMMJ GGgg/ absent)

Consequently, there is room to add new groups with numbers from 3 to 6 without ambiguity for decoding Section 4.

Since some Meta-data such as drogue depth are already being encoded in Section 4, it is therefore propose to use Section 4 for Meta-data and to add optional new groups 3, 4, 5 and 6 for coding hydrostatic pressure of lower end of cable, length of cable, buoy type (BtBt), drogue type (XtXt), anemometer height (AhAhAh), and anemometer type (AtAt).

Explanation of new groups and fields for Metadata in Section 4:

Qz:
Depth correction indicator.  Indication whether probe depths as reported in Section 3 are corrected using hydrostatic pressure or not.

Code figure
Zq

0
Depths are not corrected

1
Depth are corrected

/
Missing

· Group3 (3ZhZhZhZh)  Hydrostatic pressure of lower end of cable. Pressure is expressed in units of 1000 Pa (i.e. centibars).  If group 3 is present, then group 4 is mandatory.

· Group4 (4ZcZcZc/)  Length of cable in meters (thermistor strings).

· Group 5 (5BtBtXtXt) would be omitted if buoy type and drogue type information is not available.

BtBt Buoy type:

A new code table (0-02-150, «Type of data-buoy») was proposed for encoding buoy type in BUFR reports. We suggest to use the same entries:

Code figure
Buoy type

00
Unspecified drifting buoy

01
Standard Lagrangian drifter (Global Drifter Programme)

02
Standard FGGE type drifting buoy

(non Lagrangian meteorological drifting buoy)

03
Wind measuring FGGE type drifting buoy

(non Lagrangian meteorological drifting buoy)

04
Ice float

05-07
Reserved

08
Unspecified sub-surface float

09
SOFAR

10
ALACE

11
MARVOR

12
RAFOS

13-15
Reserved

16
Unspecified moored buoy

17
Nomad

18
3 metres discus

19
10-12 metres discus

20
ODAS 30 series

21
ATLAS (e.g. TAO area)

22
TRITON

23
Reserved

24
Omnidirectional wave-rider

25
Directional waverider

26-62
Reserved

//
Missing value (coded 63 in BUFR)

XtXt  Drogue type

A new code table (0 02 034, «Drogue Type») was proposed for encoding drogue type in BUFR reports. We suggest to use the same entries:

Code figure
Drogue type

0
Unspecified drogue

1
Holey sock

2
TRISTAR

3
Window shade

4
Parachute

5
Non Lagrangian sea anchor

6-30
Reserved (to be developed)

//
Missing value (coded 31 in BUFR)

· Group 6 (6AhAhAhAt) would be omitted if the buoy is not reporting wind or the information is not available for both anemometer height and anemometer type.

AhAhAh Anemometer height above station level:

Height is expressed in decametres. For drifting and moored buoys, station level is assumed to be sea level. /// can be used for unknown values. A value of 999 can be used to say that anemometer height is artificially corrected to 10 meters by applying a formula.

At Anemometer type

Code figure
Anemometer type

0
Cup rotor

1
Propeller rotor

2
Wind Observation Through Ambient Noise (WOTAN)

/
Missing value (coded 15 in BUFR)

ANNEX TO PARAGRAPH 6.2.4

Software project for encoding/decoding BUFR, CREX and GRIB2:

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.

WMO could hire a consultant from one of the NWP advanced Centres to write the technical specifications of the project.

ANNEX TO PARAGRAPH 6.3

THE WMO TABLE DRIVEN CODES: THE 21ST CENTURY UNIVERSAL OBSERVATION CODES
INTRODUCTION

1. The table driven codes BUFR (Binary Universal Form for the Representation of meteorological data) and CREX (Character form for the Representation and EXchange of data) offer great advantages in comparison with the traditional alphanumeric codes.  The main features of these codes are self-description, flexibility and expandability, which are fundamental in times of fast scientific and technical evolution.  In addition, BUFR offers condensation (packing).  The alphanumeric code CREX provides simple readability but no packing, although compression could be applied to it by usually available commercial packages.  BUFR has been approved for operational use in 1988.  It has been used mainly, so far, for satellite, aircraft and wind profiler observations, but also for tropical cyclone information and for archiving of all types of observational data.  CREX had been approved as an experimental Code by CBS Ext.94, starting on 2 November 1994.  CBS Ext. 98 recommended CREX as an operational data representation code form from 3 May 2000.  This was endorsed by EC-LI (1999).  CREX is already used among centres for exchange of ozone data, radiological data, hydrological data, tide gauge data and soil temperature data.  BUFR should always be used to exchange observations internationally.  CREX should be used only if binary transmission is not possible.  These two codes are the only codes that WMO needs for observation coding and are recommended for all present and future WMO applications.
2.
THE DIFFERENCE BETWEEN THE FIXED ALPHANUMERIC CODES AND THE TABLE DRIVEN CODES

2.1
What does this character string mean in an alphanumeric codes?:
 32325    11027?

Nddff    1snTTT?

N = Total cloud cover, dd = wind direction from which it is blowing, ff = wind speed

The position and the coding convention (the symbolic form) define the data: ddffN or ffddN or Nddff?

In a table driven code, there are also position rules, but those apply only to the frame, to the shape of the «container» rather than to the content itself.  The presence of a datum is described in the message itself: it is the self-description feature.  There will be a section at the beginning of the report, which defines what data are transmitted in this message.  That section will in fact contain pointers towards elements in predefined and internationally agreed tables (stored in the official WMO Manual on Codes).  Once this section (the Data Description Section) is read, the following part of the message containing the data (the Data Section) can be understood.  Indeed, the characteristics of the parameters to be transmitted must already be defined in the tables of the WMO Manual.  The "pointers" in the Data Description Section are in fact numbers called descriptors, which correspond to entries in the BUFR/CREX tables (see paragraph 3).

2.2
The layout of the BUFR and CREX codes are the following:

BUFR


SECTION 0  Indicator Section
SECTION 1  Identification Section  
SECTION 2  (Optional Section) 
SECTION 3  Data Description Section
SECTION 4  Data Section
SECTION 5  End Section

CREX

SECTION 0  Indicator Section 
SECTION 1  Data Description Section 
SECTION 2  Data Section 
SECTION 3  (Optional Section) 
SECTION 4  End Section

Sections 0 and 1 in BUFR and Section 0 in CREX are short sections, which identify the message.  Section 2 in BUFR and Section 3 in CREX are optional sections that can be used to transmit any information or parameters for national purpose.  It is somehow the equivalent of national groups in traditional alphanumeric codes.

2.3
In CREX and BUFR the parameters are simply listed as required by the user of the codes (in fact the data producer).  CREX and BUFR offer flexibility and self-description.  The datum are laid out one after the other, thus, it is very simple to read a CREX message.  An item (the data value of a parameter to be transmitted in a report) will be translated in a set of characters (bytes) in CREX.  It will be translated in a set of bits in BUFR.  CREX is the image in characters of BUFR bit fields.

2.4
When there is a requirement for transmission of new parameters or new data types, new elements are simply added to the WMO BUFR and CREX Tables (to be agreed by CBS).  Table driven codes can transmit an infinity of information.  There is total flexibility.  Definition of new «codes» as such is no more necessary.  Expansion of tables is sufficient.  Procedures and regulations are fixed.  An edition number is associated for every new layout (not a frequent change).  Edition number of the format (layout of the message) and version number of the tables are transmitted in the message itself (in Indicator and Identification sections for BUFR, in Data Description section for CREX) and enable the treatment of old archived data.

3.
BUFR AND CREX TABLES
3.1
Tables define how the parameters (the elements) shall be coded as data items in a BUFR or CREX message (i.e. units, size, scale).  They are recorded in the publication no 306 of WMO, the Manual on Codes, Volume I.2, Part B – Binary Codes and Part C – Common features to Binary and Alphanumeric Codes.  The Manual on Codes comprises also Volume I.1 - Part A, Alphanumeric Codes and Volume II: Regional Codes and National Coding Practices.  The Tables defining BUFR and CREX coding are the Tables A, B, C, and D.
3.2
Table A defines the data category (e.g. Surface data – land, surface data-sea, vertical soundings).

3.3
Table B: The list of elements (parameters) is defined in BUFR and CREX Tables B.  The same elements are found in BUFR and CREX Tables B but their unit may differ.  BUFR units are SI; while CREX units are more user oriented (e.g.: for temperature Kelvin in BUFR, Celsius in CREX).  The table reference column lists the descriptors (their identification number) which are defining the elements.  The data items transmitted in a report will have their descriptors listed in the Data Description Section.  See below, as example, extracts of BUFR and CREX Table B for Temperature:

Temperature (in BUFR)

TABLE REFERENCE
ELEMENT NAME
UNIT
SCALE
REFERENCE VALUE
DATA WIDTH (BITS)

F
X
Y






0
12
001
Temperature/dry-bulb temperature
K
1
0
12

0
12
002
Wet-bulb temperature
K
1
0
12

0
12
003
Dew-point temperature
K
1
0
12

0
12
004
Dry-bulb temperature at 2 m
K
1
0
12

0
12
005
Wet-bulb temperature at 2 m
K
1
0
12

0
12
006
Dew-point temperature at 2 m
K
1
0
12

0
12
007
Virtual temperature
K
1
0
12

0
12
011
Maximum temperature, at height and over period specified
K
1
0
12

0
12
012
Minimum temperature, at height and over period specified
K
1
0
12

Note:
To encode values in BUFR, the data (in the units as specified in the UNIT column) must be multiplied by 10 to the power of SCALE and then, the REFERENCE VALUE must be subtracted to them.

 Temperature (in CREX)

Reference 
Element name 
Unit 
Scale 
Data width

B 12 001
Temperature/dry-bulb temperature
°C
1
3

B 12 002
Wet-bulb temperature 
°C
1
3

B 12 003
Dew-point temperature 
°C
1
3

B 12 004
Dry-bulb temperature at 2 m 
°C
1
3

B 12 005
Wet-bulb temperature at 2 m 
°C
1
3

B 12 006
Dew-point temperature at 2 m
°C
1
3

B 12 007
Virtual temperature
°C
1
3

B 12 011
Maximum temperature, at height and over period specified
°C
1
3

B 12 012
Minimum temperature, at height and over period specified 
°C
1
3

Note:
To encode values in CREX, the data (in the units as specified in the UNIT column) must be multiplied by 10 to the power of SCALE.  In the example above, data will be thus encoded in 10th of Degree Celsius.
3.4
TABLE D:  A group of data items always transmitted altogether (like a regular SYNOP or TEMP report) can be defined in what is called a common sequence descriptor, so that, the individual element descriptors will not need to be repeated each time in the data description section.  It is only the common sequence descriptor, which will be listed in the data description section.  The Common Sequences are defined in BUFR and CREX Tables D.  An example of BUFR Table D is shown below (the common sequences descriptor number are listed in the Table Reference F X Y column):

- Meteorological sequences common to surface data

TABLE

REFERENCE
TABLE

REFERENCES
ELEMENT NAME

F
X
Y



3
02
001
0
10
004
Pressure (at station level)




0
10
051
Pressure reduced to mean sea level




0
10
061
3-hour pressure change




0
10
063
Characteristic of pressure tendency















(High altitude station)

3
02
002
0
10
004
Pressure (at station level)




0
07
004
Pressure level




0
10
003
Geopotential of pressure level




0
10
061
3-hour pressure change




0
10
063
Characteristic of pressure tendency









3
02
003
0
11
011
Wind direction (10 m)




0
11
012
Wind speed (10 m)




0
12
004
Temperature (2 m)




0
12
006
Dew point (2 m)




0
13
003
Relative humidity




0
20
001
Horizontal visibility




0
20
003
Present weather




0
20
004
Past weather (1)




0
20
005
Past weather (2)

4.
COMMON FEATURES TO BUFR AND CREX

4.1
For Tables A, B and D, entries numbering are the same in CREX Tables and BUFR Tables for the same entity represented.  Table B entries are listed both in BUFR and CREX.  Table D common sequences are not defined in both CREX Table D and BUFR Table D.  However, if a CREX Table D sequence is not defined in BUFR Table D, it has a number, which is not used by any BUFR sequences.  Similarly, BUFR Table D sequences have numbers, which are not used by any CREX Table D sequences.  There are also ranges of numbers for descriptors outside the international agreed range of numbers which can be used to define special descriptors or sequences for national local purpose only, and thus enable the domestic exchange of special national data.

4.2
Code Table or Flag Tables: An element based on a Code (e.g. Cloud Type) or a set of conditions defined by flags to be set (i.e. set of bits put to value 1) will have an associated Code Table or Flag Table (in the unit column of Table B, “Code table “ or “Flag table” will be written).  BUFR and CREX Code and Flag Tables are identical.  In CREX, flag values are coded in octal representation.  Examples of Code Table and Flag Table are listed below:

0 20 011

Cloud amount
Code

figure



0
0
0

1
1 okta or less, but not zero
1/10 or less, but not zero

2
2 oktas 
2/10 ‑ 3/10

3
3 oktas 
4/10

4
4 oktas 
5/10

5
5 oktas 
6/10

6
6 oktas
7/10 ‑ 8/10

7
7 oktas or more, but not 8 oktas
9/10 or more, but not 10/10

8
8 oktas 
10/10

9
Sky obscured by fog and/or other meteorological phenomena

10
Sky partially obscured by fog and/or other meteorological phenomena

11
Scattered

12
Broken

13
Few

14
Reserved

15
Cloud cover is Indiscernible for reasons other than fog or other meteorological phenomena, or observation is not made 

0 02 002

Type of instrumentation for wind measurement

Bit No
Type of Instrumentation and original units for wind measurement (measured in m s‑1 unless otherwise indicated)

1
Certified Instruments

2
Originally measured in knots

3
Originally measured in kmh-1

All 4
Missing value

Figure 1

4.3
The self‑descriptive feature of BUFR and CREX leads to another advantage over traditional alphanumeric character codes: the relative ease of decoding a BUFR (or a CREX) message.  Where a large number of specialized and complex programs are needed to decode the plethora of character codes in current use, only a single "universal BUFR (or CREX) decoder" program is capable of decoding any BUFR (or CREX) message.  It is not a trivial task to write such a BUFR decoder, but once it is done, it is done for all time.  The program does not need to be modified with changes in observational requirements; only the tables need to be augmented, a relatively trivial task.  The program needs to keep in memory the BUFR Tables.  In figure 1 the decoding process is summarized:

· the decoder identifies the successive descriptors from the Data Description Section.  If the descriptor is a common sequence descriptor, the decoder goes to Table D to find the element descriptors listed in the sequence and then go to Table B to find the characteristic of the element descriptors (units, scale, reference value, width).  Then the decoder can decode properly the corresponding data values from the Data Section.  If the descriptor from the Data Description Section is an element descriptor, the decoder goes directly to Table B.

· If in Table B, the unit column of the element descriptor contains "Code table" or "Flag table", the interpreter of the decoded data will have to examine the corresponding code table or flag table to understand the meaning of the coded value.  The interpreter could also be, in some cases, an automatic process, which acts depending on the value of the code or the flags.
5.
SPECIFIC FEATURES

5.1 BUFR offers condensation, therefore voluminous data (ex. satellites, ACARS, wind profilers) will require less resources for transmission and stocking.  Condensation (packing) is performed by an algorithm defined within the code regulations.  BUFR also permits the transmission of associated data (flags, substituted values) with the original observation data.  However, the big disadvantage is that human cannot read BUFR data directly.  BUFR processing does assume the availability of well designed computer programs (decoder and encoder for the reverse) that are capable of parsing the descriptors, matching them to the bit stream of data and extracting the numbers from the bit stream, and reformatting the numbers in a way suitable for subsequent calculations.  The bit oriented nature of the message also requires the availability of bit transparent communications systems which modern means, like TCP/IP protocol (INTERNET) or the already old X.25 protocol, offer.  Such protocols have various error detecting schemes built in so there need be little concern about the corruption of information in the transmission process.
5.2
CREX provides human readability.  It is easy to understand, to code and to read (to decode) with only several hours of explanation.  It requires for the transmission of big or many reports a substantial amount of characters.  CREX tables have the same parameters as BUFR tables and are ruled by similar regulations. CREX is somehow the image of BUFR in characters.  CREX is simpler than BUFR, but CREX does not offer the packing, nor the facility of coding associated data (quality control information, substituted values), that BUFR permits.

6.
EXAMPLE FOR SYNOP:

· In alphanumeric code form FM 12 SYNOP:

· AAXX 09091

· 03075 41480 62413 11073 21105 39962 40001 55019 71562 86800=

· In code form FM 95 CREX:

· CREX ++ 







       Indicator Section
· T000101 A000  D07999++





   Description Section

· 03 075 1 1989 01 09 09 00039 5845 -00308 0030 3000 075 240 0013 -073 -105 09962 10001 05 0019 015 07 02 075 38 20 10++





  Data Section

· 7777









   End Section
· or with check digit (one figure inserted before each parameter allowing better transmission control):

· CREX ++

· T000101 A000  D07999E++
·  003 1075 21 31989 401 509 609 700039 85845 9-00308 00030 13000 2075 3240 40013 5-073 6-105 709962 810001 905 00019 1015 207 302 4075 538 620 710++

· 7777

Interpretation of the example:

Encoded in     SYNOP
Encoded in CREX
Name of the element
Decoded value
CREX Data Section


CREX

Indicator of a CREX message




 T000101

CREX Master Table Number 00, Edition 01, Version 01




 A000

Data type  (000 = Surface data – land)




 D07999

See note below


II = 03

iii = 075

B 01 001
WMO block number

03



B 01 002
WMO station number

075

iR = 4


no counterpart needed in CREX 



ix = 1

B 02 001
Type of station  
manned
1



B 04 001
Year (of observation)

1989



B 04 002
Month (of observation)

01



B 04 003
Day (of observation)

09










B 04 004
Hour (of observation)

09



B 07 001
Height of station (barometer)
39 m
00039



B 05 002
Latitude (coarse accuracy)
58.45 deg.
5845



B 06 002
Longitude (coarse accuracy)
- 3.08 deg.
-00308

h = 4

B 20 013
Height of base of cloud
300 m
0030

VV = 80

B 20 001
Horizontal visibility
30 km
3000

N = 6

B 20 010
Cloud cover (total)
6/8 = 75 %
075

dd = 24

B 11 011
Wind direction at 10 m
240 degrees
240

ff = 13 

B 11 012
Wind speed at 10 m
13 m/s
0013

snTTT = 1073

B 12 004
Dry-bulb temperature at 2 m
- 7.3 oC
-073

snTdTdTd  = 1105

B 12 006
Dew-point temperature at 2 m
- 10.5 oC
-105

P0P0P0P0 = 9962

B 10 004
Pressure
996.2 hPa
09962

PPPP = 0001

B 10 051
Pressure reduced to mean sea level
1000.1 hPa
10001

a = 5

B 10 063
Characteristic of pressure tendency

05

ppp = 019

B 10 061
3-hour pressure change
1.9 hPa
0019

ww = 15

B 20 003
Present weather 
precipitation      in sight
015

W1 = 7

B 20 004
Past weather (1)
snow
07

W2 = 2

B 20 005
Past weather (2)
more then 1/2 of the sky covered
02

Nh = 6

B 20 051
Amount of low clouds
6/8 = 75 %
075

CL = 8

B 20 012
Cloud type (Type of low clouds)
Cu and Sc
38

CM = 0

B 20 012
Cloud type (Type of middle clouds)
no CM clouds
20

CH = 0

B 20 012
Cloud type (Type of high clouds)
no CH clouds
10




End of Data Section

++

 


End of the CREX message
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Note:

The sequence descriptor 07999 represents a sequence of the element descriptors B01001, B01002, B02001, ......, B20012 as given in the third column.  The sequence descriptor D07999 is hypothetical and has been created for the purpose of this example.  Apart from the time identification (Year, Month, Day, Hour) and coordinate locations (barometer height, latitude, longitude) the sequence of the elements in the CREX message corresponds to the sequence of the elements in the above presented SYNOP report.  The systematic passing of geographical coordinates, easily performed with the table driven codes, would alleviate the famous Volume A problems.  The Volume A is updated with too much delay by the secretariat, which sometimes receives late or never the updates that the Countries should send.  That solution would solve 98% of the wrong coordinates for a station.  The remaining 2% errors are and would remain the station itself which has being incorrectly located.  E, if present at the end of the Description Section, indicates the presence of check digit in front of each data value.

7.
OPERATION DESCRIPTORS 

7.1
Table C corresponds to a set of operations which can be performed within the Data Description Section of the message.  It contains operator descriptors which, for instance, can be used to modify the characteristic of the elements in Table B.

7.2
There is also an operator which defines the repetition (or replication) of a set of data descriptors (and therefore the corresponding repetition of the data values in the Data Section).  This feature will be used to give the number of levels in a sounding.  In CREX, the operators have been simplified.

7.3
The CREX operator descriptors are: R for repetitions and C for change of characteristic.

·  R: repetitions,  Rxxyyy

· xx: number of following descriptors to be repeated

· yyy: number of repetitions (if yyy= 0, it means delayed, that means the number of repetitions will be known only when the report is transmitted - for example, for a sounding, the number of characteristic levels will be put into the data section)

· TABLE C: Operator descriptors, Cxxyyy, where yyy = new value and xx =

· 01: CHANGE OF ELEMENT SIZE

· 02: CHANGE OF SCALE

· 07: CHANGE OF UNITS

· 05: INSERTION OF CHARACTERS CCITT5

· 60: NATIONAL LETTERS INSERTION
8.
EXAMPLE OF AN OZONE SOUNDING

*EXAMPLE OF AN OZONE SOUNDING IN CREX*
CREX++




T000101




A008 




D01001
:
WMO station and block number
71




917

B01015
:
station or site name
Eureka^^^^^^^^^^^^^^

D01024
:
latitude
7598



longitude
-08593



elevation
00010

B08021
:
18 = launch time follows
18

D01011
:
year
1998



month
04



day
29

D01012
:
hours
23



minutes
18

B02011
:
radiosonde type
061

B02143
:
ozone instrument type
019

B02142
:
ozone sonde serial number
////

D15004
:
ozone sounding correction factor
////

D15005
:
ozone p
375

R04000
:
delayed replication factor = number of levels
0082

The next four descriptors are repeated 82 times

B04015
:
time increment since launch time (minutes)
see below

B08006
:
ozone VSS
see below

B07004
:
pressure
see below

B15003
:
measured ozone partial pressure
see below

++
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end of message


ACTUAL CREX MESSAGE:

KULA01 CWAO 051800

CREX++

T000101 A008 D09040++

71 917 EUREKA               7598 -08593 00010 18 1998 04 29 23 18

 061 019 //// //// 375 0082

 0000 400 10137 030 0000 200 10000 030 0001 002 09687 037

 0002 002 09366 033 0004 002 08831 037 0005 200 08500 036

 0007 002 08013 043 0007 002 07881 047 0008 002 07646 037

 0009 002 07442 042 0011 200 07000 031 0012 002 06849 027

 0013 002 06710 036 0015 002 06291 029 0022 200 05000 028

 0025 002 04557 027 0029 002 04065 024 0029 200 04000 020

 0032 002 03626 025 0038 002 03000 020 0040 002 02890 021

 0040 002 02829 065 0041 002 02726 105 0043 002 02576 118

 0044 200 02500 135 0048 002 02218 165 0049 002 02147 161

 0050 002 02104 171 0051 002 02031 153 0051 002 02010 159

 0051 200 02000 171 0052 002 01941 188 0054 002 01854 198

 0056 002 01744 187 0056 002 01717 194 0057 002 01683 191

 0058 002 01640 161 0058 002 01623 159 0059 002 01585 168

 0059 002 01576 185 0060 002 01545 197 0061 002 01500 202

 0063 002 01414 221 0064 002 01370 220 0065 002 01335 230

 0066 002 01269 219 0067 002 01232 227 0067 002 01226 235

 0068 002 01208 241 0072 002 01055 242 0074 200 01000 236

 0075 002 00960 228 0076 002 00936 192 0077 002 00912 180

 0078 002 00897 187 0078 002 00883 210 0079 002 00868 221

 0079 002 00850 202 0080 002 00841 199 0081 002 00815 208

 0081 002 00807 189 0081 002 00803 171 0082 002 00790 152

 0082 002 00777 157 0083 002 00764 172 0084 002 00741 156

 0084 002 00722 156 0085 002 00715 162 0085 200 00700 188

 0085 200 00700 193 0086 002 00682 203 0088 002 00639 212

 0090 002 00608 206 0091 002 00588 190 0091 002 00582 192

 0092 002 00570 209 0092 002 00557 215 0096 200 00500 197

 0099 002 00437 171 0108 002 00316 139 0110 200 00300 128

 0115 002 00242 108++
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9.
IN SUMMARY: WHAT IS IN THE DATA DESCRIPTION SECTION OF BUFR OR CREX?
A set of descriptors: symbol = FXXYYY, 3 parts: F, XX, YYY

DESCRIPTORS
F
XX = number
YYY = number
Example


CREX

1 letter
BUFR

2 bits
CREX

2 bytes
BUFR

6 bits
CREX

3 bytes
BUFR

8 bits
CREX
BUFR

Table B (element)
"B"
"0"
CLASS
ELEMENT
B12006
012006

Repetition operator
"R"
"1"
Number of descriptors to be repeated
Number of repetitions

(if = 0, transmitted in Data Section)
R04002

R04000
104002

104000

Table C (Operation)
"C"
"2"
Operation
Operand
C01004
201136






(change of data width)

Table D (Common sequence)
"D"
"3"
Category
Reference number of sequence
D05002
305002

10.
IN SUMMARY:

Table driven codes, like BUFR and CREX offers:


o self description


o flexibility


o expandability


o condensation (packing), quality flags, associated values for BUFR


o simple readability for CREX

These codes are universal.  They are the ideal codes for coding observations and the most adapted to the fast scientific and technological evolution of the 21st Century.  They are the last observation codes that WMO had to design.  BUFR and CREX can be easily expanded to satisfy all observational requirements, without deviating from WMO recommendations, even to answer national needs for specific domestic data exchange, as it is presently the case in many Countries.

ANNEX TO PARAGRAPH 7

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 to the WMO Secretariat.  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 (unless it is consequential to an amendment to WMO Technical Regulations) 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 and to Code Tables in GRIB2, 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 minor 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 a minor 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 2.1.7

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)
The IEEE single precision floating point representation is specified in the standard ISO/IEC 559-1985


and ANSI/IEEE 754-1985 (R1991), which should be consulted for more details.  The representation occupies four octets and is


seeeeeee emmmmmmm mmmmmmmm mmmmmmmm


where



s is the sign bit, 0 means positive, 1 negative



e...e is an 8 bit biased exponent



m...m is the mantissa, with the first bit deleted


The value of the number is given by the following table:

e...e
m...m
Value of number

0
Any
(-1)s (m...m)2-232-126 = (-1)s(m...m)2-149

1...254
Any
(-1)s (1.0 + (m...m)2-23)2((e…e)-127)

255
0
Positive (s=0) or Negative (s=1) infinity

255
>0
NaN (Not a valid Number, result of illegal operation)



Normally, only biased exponent values from 1 through 254 inclusive are used, except for positive or negative zero which are represented by setting both the biased exponent and the mantissa to 0.

The numbers are stored with the high order octet first.  The sign bit will be the first bit of the first octet.  The low order bit of the mantissa will be the last (eighth) bit of the fourth octet.

This floating point representation has been chosen because it is in common use in modern computer hardware.  Some computers use this representation with the order of the octets reversed.  They will have to convert the representation, either by reversing the octets or by computing the floating point value directly using the above formulae.

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, except for specific cases explicitly stated in some grid definitions.

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.

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 (Flag table 3.3) 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 vector 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 West to East (x direction) component at a grid point with longitude L shall be resolved along the meridian 90 degrees East of L, and the South to North (y direction) component shall be resolved along the meridian 180 degrees from L.  At the South Pole the West to East component at a grid point with longitude L shall be resolved along the meridian 90 degrees East of L and the South to North 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 Pole point deleted, or on any projection (such as polar stereographic) where the Pole maps to a unique point, the West to East and South to North 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) before 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)
For grid-point values, complex packing features are intended to reduce the whole size of the GRIB message (data compression without loss of information with respect to simple packing). The basic concept is to reduce data size thanks to local redundancy. This is achieved just before packing, by splitting the whole set of scaled data values into groups, on which local references (such as local minima) are removed. It is done with some overhead, because extra descriptors are needed to manage the groups characteristics. An optional pre-processing of the scaled values (spatial differencing) may also be applied before splitting into groups, and combined methods, along with use of alternate row scanning mode, are very efficient on interpolated data.

(3)
For spectral data, complex packing is provided for better accuracy of packing. This is because many spectral coefficients have small values (regardless of sign), especially for large wave numbers. The first principle is to not pack a subset of coefficients, associated with small wave numbers so that the amplitude of the packed coefficients is reduced . The second principle is to apply an operator to the remaining part of the spectrum: with appropriate tuning it leads to a more homogeneous set of values to pack.

 (4) 
The original data value Y (in the units of code table 4.2) can be recovered with the formula:



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

For 
simple packing and all spectral data


E   = Binary scale factor,



D   = Decimal scale factor



R   = Reference value of the whole field,



X1 = 0,



X2 = Scaled (encoded) value.


For complex grid point packing schemes, E, D, and R are as above, but



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



X2 = Scaled (encoded) value with the group reference value (XI) removed..




92.10
Section 8 - End Section
92.10.1
The end section shall always be 4 octets long, 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 Centre)

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

Number of octets for optional list of numbers defining number of points (see Note 2)

   12

Interpretation of list of numbers defining number of points (see Code Table 3.11)

   13-14

Grid Definition Template Number (= N) (see Code Table 3.1)

   15-xx

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

given in 
octets 13-14)

[xx+1]-nn
Optional list of numbers defining number of points (see Notes 2, 3 and 4)

Notes:

1. If octet 6 is not zero, octets 15-xx (15-nn if octet 11 is zero) may not be supplied.  This should be documented with all bits set to 1 (missing value) in Grid Definition Template Number.

2. An optional list of numbers defining number of points is used to document a quasi-regular grid, where the number of points may vary from one row to another (row being defined as adjacent points in a coordinate line, so this is dependent from data layout).  In such a case, octet 11 is non zero, and gives the number of octets on which each number of points is encoded.  For all other cases, such as regular grids, octets 11 and 12 are zero and no list is appended to the Grid Definition Template.

3. If a list of numbers defining number of points is present, it is appended at the end of Grid Definition Template (or directly after Grid Definition Template Number if template is missing), the length of the list is given by the grid definition.  When the Grid Definition Template is present, the length is given according to bit 3 of scanning mode flag octet (length is Nj or Ny for flag value 0).  List ordering is implied by data scanning.

4. Depending on code value given in octet 12, the list of numbers defining number of points corresponds either to the coordinate lines as given in the grid definition, or to a full circle.

SECTION 4 - PRODUCT DEFINITION SECTION

Octet Number(s)
Contents

 
  1-4

Length of section in octets (nn)

   
    5

Number of section («4»)


  6-7

Number of coordinates values after Template (see Note 1)

 
  8-9

Product Definition Template Number (see Code Table 4.0)


10-xx

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




Definition Template Number given in octets 8-9)


[xx+1]-nn
Optional list of coordinates values (see Notes 2 and 3)

Notes:

1.  Coordinates values are intended to document the vertical discretisation associated with model data on hybrid coordinate vertical levels.  A number of zero in octets 6-7 indicates that no such values are present.  Otherwise the number corresponds to the whole set of values.

2.
Hybrid systems, in the context, employ a means of representing vertical coordinates in terms of a mathematical combination of pressure and sigma coordinates.  When used in conjunction with a surface pressure field and an appropriate mathematical expression, the vertical coordinate parameters may be used to interpret the hybrid vertical coordinate.

3.
Hybrid coordinate values, if present, should be encoded in IEEE 32-bit floating point format.  They are intended to be encoded as pairs.

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 data points where one or more values are specified in Section 7 when a bit map is present, 



total number of data points when a bit map is absent.

  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

         15

Shape of the earth (see Code Table 3.2)

         16

Scale factor of radius of spherical earth

       17-20
Scaled value of radius of spherical earth

         21

Scale factor of major axis of oblate spheroid earth

       22-25
Scaled value of major axis of oblate spheroid earth

         26

Scale factor of minor axis of oblate spheroid earth

       27-30
Scaled value of minor axis of oblate spheroid earth

       31-34
Ni - number of points along a parallel

       35-38
Nj - number of points along a meridian

       39-42
Basic angle of the initial production domain (see Note 1)

       43-46
Subdivisions of basic angle used to define extreme longitudes and latitudes, and direction increments (see Note 1)

       47-50
La1 - latitude of first grid point (see Note 1)
       51-54
Lo1 - longitude of first grid point (see Note 1)
         55

Resolution and component flags (see Flag Table 3.3)

      56-59
La2 - latitude of last grid point (see Note 1)
      60-63
Lo2 - longitude of last grid point (see Note 1)
      64-67
Di - i direction increment (see Note (1))

      68-71
Dj - j direction increment (see Note (1))

         72

Scanning mode (flags - see Flag Table 3.4)

Notes:
(1)
Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero and missing values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).


(2)
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 31-34) or Nj (Octets 35-38) and the corresponding Di (Octets 64-67) or Dj (Octets 68-71) shall be coded with all bits set to 1 (missing).  The actual number of points along each parallel or meridian shall be coded in the octets immediately following the Grid Definition Template (Octets [xx+1] - nn), as described in the description of the Grid Definition Section.


(3)
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 47-54.  The grid points shall be evenly spaced in latitude (longitude).

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

Contents

      15-72

Same as Grid Definition Template 3.0 (see Note 1)

      73-76

Latitude of the southern pole of projection

      77-80

Longitude of the southern pole of projection 

      81-84

Angle of rotation of projection

Notes:

(1) 
Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).
(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

      15-72

Same as Grid Definition Template 3.0 (see Note 1)

      73-76

Latitude of the pole of stretching  

      77-80

Longitude of the pole of stretching 

      81-84

Stretching factor

Notes:

(1) Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).
(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

      15-72

Same as Grid Definition Template 3.0 (see Note 1)

      73-76

Latitude of the southern pole of projection

      77-80

Longitude of the southern pole of projection

      81-84

Angle of rotation of projection

      85-88

Latitude of the pole of stretching

      89-92

Longitude of the pole of stretching

      93-96

Stretching factor

Notes:

(1) 
Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).
(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 3.10:
Mercator
Octet Number(s)

Contents

        15


Shape of the earth (see Code Table 3.2)

        16


Scale factor of radius of spherical earth

      17-20

Scaled value of radius of spherical earth

        21


Scale factor of major axis of oblate spheroid earth

      22-25

Scaled value of major axis of oblate spheroid earth

        26


Scale factor of minor axis of oblate spheroid earth

      27-30

Scaled value of minor axis of oblate spheroid earth

      31-34

Ni - number of points along a parallel

      35-38

Nj - number of points along a meridian

      39-42

La1 - latitude of first grid point

      43-46

Lo1 - longitude of first grid point

        47


Resolution and component flags (See Flag Table 3.3)

      48-51 

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

      52-55

La2 - latitude of last grid point

      56-59

Lo2 - longitude of last grid point

        60


Scanning mode (flags - see Flag Table 3.4)

      61-64 

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

      65-68

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

      69-72

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

        15


Shape of the earth (see Code Table 3.2)

        16


Scale factor of radius of spherical earth

      17-20

Scaled value of radius of spherical earth

        21


Scale factor of major axis of oblate spheroid earth

      22-25

Scaled value of major axis of oblate spheroid earth

        26


Scale factor of minor axis of oblate spheroid earth

      27-30

Scaled value of minor axis of oblate spheroid earth

      31-34

Nx - number of points along X-axis

      35-38

Ny - number of points along Y-axis

      39-42

La1 - latitude of first grid point

      43-46

Lo1 - longitude of first grid point

        47


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

      48-51

LaD - Latitude where Dx and Dy are specified 

      52-55

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

      56-59

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

      60-63

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

        64


Projection centre flag (See Flag Table 3.5)

        65


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

        15


Shape of the earth (see Code Table 3.2)

        16


Scale factor of radius of spherical earth

      17-20

Scaled value of radius of spherical earth

        21


Scale factor of major axis of oblate spheroid earth

      22-25

Scaled value of major axis of oblate spheroid earth

        26


Scale factor of minor axis of oblate spheroid earth

      27-30

Scaled value of minor axis of oblate spheroid earth

      31-34

Nx - number of points along the X-axis

      35-38

Ny - number of points along the Y-axis

      39-42

La1 - latitude of first grid point

      43-46

Lo1 - longitude of first grid point

        47


Resolution and component flags (See Flag Table 3.3)

      48-51

LaD - Latitude where Dx and Dy are specified

      52-55 

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

      56-59

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

      60-63

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

        64


Projection centre flag (see Flag Table 3.5)

        65


Scanning mode (see Flag Table 3.4)

      66-69

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

      70-73

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

      74-77

Latitude of the southern pole of projection

      78-81

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

        15


Shape of the earth (see Code Table 3.2)

        16


Scale factor of radius of spherical earth

      17-20

Scaled value of radius of spherical earth

        21


Scale factor of major axis of oblate spheroid earth

      22-25

Scaled value of major axis of oblate spheroid earth

        26


Scale factor of minor axis of oblate spheroid earth

      27-30

Scaled value of minor axis of oblate spheroid earth

      31-34

Ni - number of points along a parallel

      35-38

Nj - number of points along a meridian

      39-42

Basic angle of the initial production domain (see Note 1)

      43-46

Subdivisions of basic angle used to define extreme longitudes and latitudes, and direction increments (see Note 1)
      47-50

La1 - latitude of first grid point (see Note 1)

      51-54

Lo1 - longitude of first grid point (see Note 1)

        55


Resolution and component flags (see Flag Table 3.3)

      56-59

La2 - latitude of last grid point (see Note 1)

      60-63

Lo2 - longitude of last grid point (see Note 1)

      64-67

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

      68-71

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

        72


Scanning mode (flags - see Flag Table 3.4)

Notes:

(1) 
Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).
(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

      15-72

Same as Grid Definition Template 3.40 (see Note 1)

      73-76

Latitude of the southern pole of projection 

      77-80

Longitude of the southern pole of projection

      81-84

Angle of rotation of projection

Notes:

(1) 
Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).
(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

      15-72

Same as Grid Definition Template 3.40 (see Note 1)

      73-76

Latitude of the pole of stretching

      77-80

Longitude of the pole of stretching 

      81-84

Stretching factor

Notes:

(1) 
Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).
(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

      15-72

Same as Grid Definition Template 3.40 (see Note 1)

      73-76

Latitude of the southern pole of projection

      77-80

Longitude of the southern pole of projection 

      81-84

Angle of rotation of projection

      85-88

Latitude of the pole of stretching

      89-92

Longitude of the pole of stretching

      93-96

Stretching factor

Notes:

(1) 
Basic angle of the initial production domain and subdivisions of this basic angle are provided to manage cases where the recommended unit of 10-6 degrees is not applicable to describe the extreme longitudes and latitudes, and direction increments.  For these last six descriptors, unit is equal to the ratio of the basic angle and the subdivisions number.  For ordinary cases, zero values should be coded, equivalent to respective values of 1 and 106 (10-6 degrees unit).
(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

      15-18

J - pentagonal resolution parameter

      19-22

K - pentagonal resolution parameter

      23-26

M - pentagonal resolution parameter

        27


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

        28 


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

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

     15-28

Same as Grid Definition Template 3.50

     29-32 
Latitude of the southern pole of projection

     33-36

Longitude of the southern pole of projection

     37-40

Angle of rotation of projection

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

     15-28

Same as Grid Definition Template 3.50

     29-32

Latitude of the pole of stretching 

     33-36

Longitude of the pole of stretching 

     37-40

Stretching factor

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

      15-28

Same as Grid Definition Template 3.50

      29-32

Latitude of the southern pole of projection 

      33-36

Longitude of the southern pole of projection

      37-40

Angle of rotation of projection

      41-44

Latitude of pole of stretching 

      45-48

Longitude of pole of stretching 

      49-52

Stretching factor

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

        15


Shape of the earth (see Code Table 3.2)

        16


Scale factor of radius of spherical earth

      17-20

Scaled value of radius of spherical earth

        21


Scale factor of major axis of oblate spheroid earth

      22-25

Scaled value of major axis of oblate spheroid earth

        26


Scale factor of minor axis of oblate spheroid earth

      27-30

Scaled value of minor axis of oblate spheroid earth

      31-34

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

      35-38

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

      39-42

Lap - latitude of sub-satellite point 

      43-46

Lop - longitude of sub-satellite point 

        47


Resolution and component flags (see Code Table 3.3)

      48-51

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

      52-55

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

      56-59 

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

      60-63 

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

        64


Scanning mode (flags - see Flag Table 3.4)

      65-68 

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))

      69-72 

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

      73-76

Xo - X-coordinate of origin of sector image

      77-80

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 48-51 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

        15


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

        16


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

      17-18

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

        19


nd - Number of diamonds

      20-23

Latitude of the pole point of the icosahedron on the sphere 

      24-27

Longitude of the pole point of the icosahedron on the sphere 

      28-31

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

        32


Grid point position (see Code table 3.8)

        33


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

        34


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

      35-38

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

        15


Shape of the earth (see Code Table 3.2)

        16


Scale factor of radius of spherical earth

      17-20

Scaled value of radius of spherical earth

        21


Scale factor of major axis of oblate spheroid earth

      22-25

Scaled value of major axis of oblate spheroid earth

        26


Scale factor of minor axis of oblate spheroid earth

      27-30

Scaled value of minor axis of oblate spheroid earth

      31-34

Nx - number of points along X-axis

      35-38

Ny - number of points along Y-axis

      39-42

La1 - latitude of tangency point (center of grid)

      43-46

Lo1 - longitude of tangency point 

         47


Resolution and component flag (see flag table 3.3)

      48-51

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

      52-55

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

         56


Projection center flag

         57


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

Contents

      15-18

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

      19-22

Nr - number of radials

      23-26

La1 - latitude of center point 

      27-30

Lo1 - longitude of center point

      31-34

Dx - spacing of bins along radials

      35-38

Dstart - offset from origin to inner bound

39 - (33+4Nr)

For each of Nr radials:

(33+4(Nr-1)) - (34+4(Nr-1)) Azi - starting azimuth, degree x 10 (degrees as north)

(35+4(Nr-1)) - (36+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

        10

Parameter category (see Code Table 4.1).

        11

Parameter number (see Code Table 4.2).

        12

Type of generating process (see Code Table 4.3) 

        13

Background generating process identifier (defined by originating centre)

        14

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

      15-16
Hours of observational data cutoff after reference time (See note (1)) 

        17

Minutes of observational data cutoff after reference time

        18

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

      19-22
Forecast time in units defined by octet 18

        23

Type of first fixed surface (see Code Table 4.5)

        24

Scale factor of first fixed surface

      25-28
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      31-34
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

        10 

Parameter category (see Code Table 4.1)

        11

Parameter number (see Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Background generating process identifier (defined by originating Centre)

        14
 
Forecast generating process identifier (defined by originating Centre)

      15-16 
Hours after reference time of data cutoff  (see note (1))

        17    
Minutes after reference time of data cutoff

        18

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

      19-22
Forecast time in units defined by octet 18

        23 

Type of first fixed surface (see Code Table 4.5)

        24  

Scale factor of first fixed surface

      25-28 
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      31-34
Scaled value of second fixed surface 

        35

Type of ensemble forecast (see Code Table 4.6)

        36

Perturbation number

        37

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

        10


Parameter category (see Code Table 4.1)

        11


Parameter number (see Code Table 4.2)

        12


Type of generating process (see Code Table 4.3)

        13


Background generating process identifier (defined by originating Centre)

        14
 

Forecast generating process identifier (defined by originating Centre)

      15-16

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

        17


Minutes after reference time of data cutoff

        18


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

      19-22

Forecast time in units defined by octet 18

        23


Type of first fixed surface (see Code Table 4.5)

        24


Scale factor of first fixed surface

      25-28

Scaled value of first fixed surface

        29


Type of second fixed surface (see Code Table 4.5)

        30


Scale factor of second fixed surface

      31-34

Scaled value of second fixed surface

        35


Derived forecast (see Code Table 4.7)

        36


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

        10 

Parameter category (see Code Table 4.1)

        11 

Parameter number (see Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Background generating process identifier (defined by originating Centre)

        14

Forecast generating process identifier (defined by originating Centre)

      15-16
Hours after reference time of data cutoff  (see note (1))

        17

Minutes after reference time of data cutoff

        18

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

      19-22
Forecast time in units defined by octet 18

        23

Type of first fixed surface (see Code Table 4.5)

        24

Scale factor of first fixed surface

      25-28
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      31-34
Scaled value of second fixed surface

        35

Derived forecast (see Code Table 4.7)

        36

Number of forecasts in the ensemble (N)

        37

Cluster identifier

        38

Number of cluster to which the high resolution control belongs

        39

Number of cluster to which the low resolution control belongs

        40

Total number of clusters

        41

Clustering method (see Code Table 4.8)

      42-45
Northern latitude of cluster domain

      46-49
Southern latitude of cluster domain

      50-53
Eastern longitude of cluster domain

      54-57
Western longitude of cluster domain

    58-(57+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

        10 

Parameter category (see Code Table 4.1)

        11 

Parameter number (see Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Background generating process identifier (defined by originating Centre)

        14

Forecast generating process identifier (defined by originating Centre)

      15-16
Hours after reference time of data cutoff  (see note (1))

        17

Minutes after reference time of data cutoff

        18

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

      19-22
Forecast time in units defined by octet 18

        23

Type of first fixed surface (see Code Table 4.5)

        24

Scale factor of first fixed surface

      25-28
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      31-34
Scaled value of second fixed surface

        35

Derived forecast (see Code Table 4.7)

        36

Number of forecasts in the ensemble (N)

        37

Cluster identifier

        38

Number of cluster to which the high resolution control belongs

        39

Number of cluster to which the low resolution control belongs

        40

Total number of clusters

        41

Clustering method (see Code Table 4.8)

      42-45
Latitude of central point in cluster domain

      46-49
Longitude of central point in cluster domain

      50-53
Radius of cluster domain

   54-(53+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

10

Parameter category (see Code Table 4.1)

11

Parameter number (see Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Background generating process identifier (defined by originating Centre)

        14

Forecast generating process identifier (defined by originating Centre)

      15-16
Hours after reference time of data cutoff  (see note (1))

        17

Minutes after reference time of data cutoff

        18

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

      19-22
Forecast time in units defined by octet 18

        23

Type of first fixed surface (see Code Table 4.5)

        24

Scale factor of first fixed surface

      25-28
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      31-34
Scaled value of second fixed surface

        35

Forecast probability number

        36

Total number of forecast probabilities

        37

Probability type (see Code Table 4.9)

        38

Scale factor of lower limit

      39-42
Scaled value of lower limit

        43

Scale factor of upper limit

      44-47
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

        10

Parameter category (see Code Table 4.1)

        11 

Parameter number (see Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Background generating process identifier (defined by originating Centre)

        14

Forecast generating process identifier (defined by originating Centre)

      15-16
Hours after reference time of data cutoff  (see note (1))

        17

Minutes after reference time of data cutoff

        18

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

      19-22
Forecast time in units defined by octet 18

        23

Type of first fixed surface (see Code Table 4.5)

        24

Scale factor of first fixed surface

      25-28
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      21-34
Scaled value of second fixed surface

        35

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

        10

Parameter category (see Code Table 4.1)

        11

Parameter number (see Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Background generating process identifier (defined by originating Centre)

        14

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

      15-16
Hours after reference time of data cutoff  (see note (1))

        17

Minutes after reference time of data cutoff

        18

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

      19-22
Forecast time in units defined by octet 18

        23

Type of first fixed surface (see Code Table 4.5)

        24

Scale factor of first fixed surface

      25-28
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      31-34
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

        10 

Parameter category (see Code Table 4.1)

        11 

Parameter number (see Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Background generating process identifier (defined by originating Centre)

        14

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

      15-16
Hours after reference time of data cutoff  (see note (1))

        17

Minutes after reference time of data cutoff

        18

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

      19-22
Forecast time in units defined by octet 18 (see Note (2))

        23

Type of first fixed surface (see Code Table 4.5)

        24

Scale factor of first fixed surface

      25-28
Scaled value of first fixed surface

        29

Type of second fixed surface (see Code Table 4.5)

        30

Scale factor of second fixed surface

      31-34
Scaled value of second fixed surface

      35-36
Year

|

        37

Month

|

        38

Day

|Time of end of overall time interval

        39

Hour

|

        40

Minute

|

        41

Second

        42
n - Number of time range specifications describing the time intervals used to calculate the statistically processed field

    43-46

Total number of data values missing in statistical process.

47-58    Specification or the outermost (or only) time range over which statistical processing is done

47

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

48

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

49

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

50-53

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

54

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

55-58

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

59-nn

These octets are included only if n>1, where nn = 47 + 12*n

59-70

As octets 47 to 58, next innermost step of processing

71-nn

Additional time range specifications, included in accordance with the value of n.  Contents as octets 47 to 58, 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 48, 60, 72 ...).  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

      10


Parameter category (see Code Table 4.1).

      11


Parameter number (see Code Table 4.2).

      12


Type of generating process (see Code Table 4.3)

      13


Number of radar sites used

      14


Indicator of unit of time range




   15-18


Site latitude (in 10-6 degree)

   19-22


Site longitude (in 10-6 degree)

   23-24


Site elevation (meters)

   25-28


Site ID (alphanumeric)

   29-30


Site ID (numeric)

      31


Operating mode (see Code Table 4.12)

      32


Reflectivity calibration constant (tenths of dB)

      33


Quality control indicator (see Code Table 4.13)

      34


Clutter filter indicator (see Code Table 4.14)

      35


Constant antenna elevation angle (tenths of degree true)

   36-37


Accumulation interval (minutes)

      38


Reference reflectivity for echo top (dB)

   39-41


Range bin spacing (m)

   42-43


Radial angular spacing (tenths of degree true)

Product Definition Template 4.30:

Satellite Product.

Octet Number(s)

Contents

        10

Parameter category (see Code Table 4.1)

        11

Parameter number (See Code Table 4.2)

        12

Type of generating process (see Code Table 4.3)

        13

Observation generating process identifier (defined by originating Centres)

        14

Number of contributing bands (NB)

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

(15+5(nb-1))
Satellite series of band nb (code table defined by originating/generating Centre)

(16+5(nb-1))
Satellite numbers of band nb (code table defined by originating/generating Centre)

(17+5(nb-1))
Instrument types of band nb (code table defined by originating/generating Centre)

(18+5(nb-1))
Central wavelength number of band nb

(19+5(nb-1))
Central wavelength power of 10 of band nb

Product Definition Template 4.254:
CCITTIA5 character string

Octet Number(s)

Contents

         10


Parameter category (see Code Table 4.1).

         11


Parameter number (see Code Table 4.2).

      12-15

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 used for each packed value for simple packing, or for each group reference value for complex packing or spatial differencing

        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

        22


Group splitting method used (see Code Table 5.4)

        23


Missing value management used (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 group widths (see Note 12)

        37 


Number of bits used for the group widths (after the reference value in octet 36 has been    removed)

      38-41

Reference for group lengths (see Note 13)

        42 


Length increment for the group lengths (see Note 14)

     43-46

True length of last group

        47


Number of bits used for the scaled group lengths (after subtraction of the reference value given in octets 38-41 and division by the length increment given in octet 42)

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 into a reference and increments, together with management of lengths as scaled incremental values, are intended 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.

(12) 
The group width is the number of bits used for every value in a group.

(13) 
The group length (L) is the number of values in a group.

(14)
The essence of the complex packing method is to subdivide a field of values into NG groups, where the values in each group have similar sizes.  In this procedure, it is necessary to retain enough information to recover the group lengths upon decoding. The NG group lengths for any given field can be described by Ln = ref + Kn * len_inc, n = 1,NG, where ref is given by octets 38-41 and len_inc by octet 42.  The NG values of K (the scaled group lengths) are stored in the Data Section, each with the number of bits specified by octet 47. Since the last group is a special case which may not be able to be specified by this relationship, the length of the last group is stored in octets 43-46.

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

Contents

      12- 47

Same as Data Representation Template 5.2

         48


Order of spatial differencing (see Code Table 5.6)

         49 

Number of octets required in the Data Section to specify extra descriptors needed for spatial differencing (octets 6-ww in Data Template 7.3)

Notes:

(1) 
Spatial differencing is a pre-processing before group splitting at encoding time.  It is intended to reduce the size of sufficiently smooth fields, when combined with a splitting scheme as described in Data Representation Template 5.2.  At order 1, an initial field of values f is replaced by a new field of values g, where g1 = f1, g2 =  f2 – f1,  …,  gn = fn – fn-1.  At order 2, the field of values g is itself replaced by a new field of values h, where h1 = f1, h2 = f2, h3 = g3 – g2,  …,  hn = gn – gn-1.  To keep values positive, the overall minimum of the resulting field (either gmin or hmin) is removed.  At decoding time, after bit string unpacking, the original scaled values are recovered by adding the overall minimum and summing up recursively.

(2)
For differencing of order n, the first n values in the array that are not missing are set to zero in the packed array.  These dummy values are not used in unpacking.

Data Representation Template 5.50:
Spectral 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 used for each packed value (field width)

      21-24
Real part of (0,0) coefficient (IEEE 32-bit floating-point value)


Notes:

(1)  Removal of the real part of (0,0) coefficient from packed data is intended to reduce the variability of the coefficients, in order to improve packing accuracy.

(2)  For some spectral representations, the (0,0) coefficient represents the mean value of the parameter represented.

Data Representation Template 5.51:
Spherical harmonics data - complex packing

Octet Number(s)

Contents

      12-20

Same as Data Representation Template 5.50
      21-24

P - Laplacian scaling factor (expressed in 10-6 units)

      25-26

JS - pentagonal resolution parameter of the unpacked subset (see Note 1)

      27-28

KS - pentagonal resolution parameter of the unpacked subset (see Note 1)

      29-30

MS - pentagonal resolution parameter of the unpacked subset (see Note 1)

      31-34

TS - total number of values in the unpacked subset (see Note 1)

        35


Precision of the unpacked subset (see Code Table 5.7)

Notes:

(1)  The unpacked subset is a set of values defined in the same way as the full set of values (on a spectrum limited to JS , KS and MS), but on which scaling and packing are not applied. Associated values are stored in octets 6 onwards of Section 7.

(2)  The remaining coefficients are multiplied by (n*(n+1))P, scaled and packed. The operator associated with this multiplication is derived from the laplacian operator on the sphere.

(3)  The retrieval formula for a coefficient of wave number n is then:

Y = (R+X*2E)*10-D* (n*(n+1))-P where X is the packed scaled value associated with the coefficient

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

Note:

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

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

     6-xx

NG  group reference values (XI in the decoding formula), each of which is encoded using the 




number of bits specified in octet 20 of Data Representation Template 5.0.  Bits set to zero shall 




be appended as necessary to ensure this sequence of numbers ends on an octet boundary.

    [xx+1]-yy

NG group widths, each of which is encoded using the number of bits specified in octet 37 of 




Data Representation Template 5.2.  Bits set to zero shall be appended as necessary to ensure 




this sequence of numbers ends on an octet boundary.

    [yy+1]-zz

NG scaled group lengths, each of which is encoded using the number of bits specified in octet 


47 of Data Representation Template 5.2.  Bits set to zero shall be appended as necessary to 



ensure  this sequence of numbers ends on an octet boundary. (see Note 14 of Data 




Representation Template 5.2)

    [zz+1]-nn
Packed values (X2 in the decoding formula), where each value is a deviation from its respective group reference 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.

(3)
Scaled group lengths, if present, are encoded for each group.  But the true last group length (unscaled) should be taken from Data Representation Template.

(4) 
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 value(s) of original (undifferenced) scaled data values, followed by the overall minimum of the differences.  The number of values stored is 1 greater than the order  of differentiation, and the field width is described at octet 49 of Data Representation Template 5.3. (See Note 1)

    [ww+1]-xx

NG group reference values (X1 in the decoding formula), each of which is encoded using 




the number of bits specified in octet 20 of Data Representation Template 5.0.  Bits set to 




zero shall be appended where necessary to ensure this sequence of numbers ends on an octet 




boundary.

    [xx+1]-nn

Same as for Data Representation Template 7.2.

Notes:

(1)
Referring to the notation in Note (1) of Data Representation Template 5.3, at order 1, the values stored in 


octets 6-ww are g1 and gmin.  At order 2, the values stored are h1, h2, and hmin.

(2) 
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.

(3) 
The position of overall minimum after initial data values is a choice that enables less software management.

(4) 
Overall minimum will be negative in most cases. First bit should indicate the sign: 0 if positive, 1 if negative.

Data Template 7.50:
Spectral data - simple packing

Octet Number(s)

Contents

        6-nn

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

Data Template 7.51:
Spherical harmonics - complex packing

Octet Number(s)

Contents

6-(5+I*TS)

Data values from the unpacked subset (IEEE floating-point values on I octets)

(6+I*TS)-nn

Binary data values - binary string, with each (scaled) data value out of the unpacked subset

Notes:

(1)  Values ordering within the unpacked subset is defined according to the source of grid definition associated with the data

(2)  Number of octets associated with each value of the unpacked subset (I) is defined in Code Table 5.7, according to the actual value in octet 35 of Data Representation Template 5.51

(3) Values ordering within the packed data is done according to the source of grid definition, skipping the values processed in the unpacked subset
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

Observation time

4-191

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 Code table 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

 4-9

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

(3)
If bit number 4 is set, the first row scan is as defined by previous flags

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
Code figure
Meaning


1
The Associated Legendre Functions of the first kind are defined by:
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Code Table 3.7:

Spectral data representation mode
Code figure
Meaning

    0

Reserved

    1

The complex numbers Fnm (see code figure 1 in Code Table 3.6 above) are stored for m(0 as pairs 



of real numbers Re(Fnm), Im(Fnm) ordered with n increasing from m to N(m), first for m=0 and 



then for m=1, 2, ... M. (see Note 1)

2-254

Reserved

  255

Missing

Notes:

(1)  Values of N(m) for common truncations cases:



Triangular
M = J = K,
N(m) = J



Rhomboidal
K = J + M,
N(m) = J+m



Trapezoidal
K = J, K > M,
N(m) = J

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 table 3.11

Interpretation of list of numbers defining number of points
Code figure

Meaning


0
There is no appended list


1
Numbers define number of points corresponding to full coordinate circles (i.e. parallels), coordinate values on each circle are multiple of the circle mesh, and extreme coordinate values given in grid definition (i.e. extreme longitudes) may not be reached in all rows


2
Numbers define number of points corresponding to coordinate lines delimited by extreme coordinate values given in grid definition (i.e. extreme longitudes) which are present in each row


3-254
Reserved


255
Missing

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

 2-191

Reserved

192-254

Reserved for local use

 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 for local use

  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

   4

Satellite, water vapor imagery

 5-191

Reserved

192-254

Reserved for local use

  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

Cloud amount






%

     8

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 18:
Nuclear/radiology
Number

Parameter






Units


0

Air concentration of Caesium 137 




Bq m-3

1

Air concentration of Iodine 131 




Bq m-3

2
Air concentration of radioactive pollutant



Bq m-3

3
Ground deposition of Caesium 137




Bq m-2

4
Ground deposition of Iodine 131




Bq m-2

5
Ground deposition of radioactive pollutant



Bq m-2
   6-191

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

Observation

9-191

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: 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

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

2-10

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 5.6:
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 Table 5.7:

Precision of floating-point numbers
Code figure
Meaning

    0

Reserved

    1

IEEE 32-bit (I=4 in Section 7)

    2

IEEE 64-bit (I=8 in Section 7)

    3

IEEE 128-bit (I=16 in Section 7)

 4-254

Reserved

  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

ANSI
American National Standards Institute

AWS
Automatic Weather Station

ATSR
Along Tack Scanning Radiometer

BUFR
Binary Universal Form for data Representation

CBS
Commission for Basic Systems

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

CIMO
Commission for Instruments and Methods of Observations

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

ESA
European Space Agency

ET
Expert Team

ET/EDF
Expert Team on Evolution of Data Formats

EUMETSAT
EUropean organisation for the exploitation of METeorological SATellites

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

IEC
International Electrotechnical Commission

IEEE
Institution of Electrical and Electronics Engineers

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)

SGML
Standard Generalized Markup Language

SI
System International

SST
Sea Surface Temperature

TCP
Tropical Cyclone Programme

TCP/IP
Transport Control Protocol/Internet Protocol

TDL
Techniques Development Laboratory

TIFF
Tagged Image File Format

UNIX
Not an acronym – name of an operating system

UTC
Universal Time Coordinate

VOS
Voluntary Observing Ship

WGDM
Working Group on Data Management (CBS)

WMO
World Meteorological Organization

WWW
World Weather Watch

XML
eXtensible Markup Language 
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* 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.
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