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Summary and Purpose of Document
A set of consolidated requirements for a new GRIB edition are presented and classified in terms of complexity. A cost/benefit analysis of the requirements is performed and as a consequence a prioritization for their implementation proposed. The methodology proposed in previous IPET-DRC IV meeting is recalled and a starting structure proposed. ECMWF is providing open source software and a collaborative development environment for the new edition development. Software from other organizations provided for the same purpose, with similar licensing scheme and collaborative development platform will be accepted for the development of the new edition.  
_______________________________________________________________________

ACTION PROPOSED
The team is requested to review the requirements and the proposed prioritization and to agree on a work plan.
DISCUSSIONS
The activity of development of the new GRIB edition has been very slow in the last year as the focus of the IPET-DRMM members was more on the TAC to BUFR migration. A set of requirements for a new edition has been consolidated and a discussion to prioritise their implementation is necessary. 
Requirements
Some of the requirements are based on the limitations encountered in encoding the complex set of products generated by the NWP community in GRIB 2. 
The most relevant limitations are 

1. The lack of flexibility due to the presence of time, parameter and statistical information in a single template.
2. The absence of any template mechanism in some sections.

3. Some level of ambiguity in the definition of some aspects of the encoding standard.

Other requirements are coming from the growing interest around NWP data from a wider community including not only scientific and technical organisations, also decision making bodies and general public. The main requirement in this context is an improved interoperability to reach those communities and may require a complete change in vocabulary, syntax and structure of the message.

The following classification of the requirements is based on the complexity of the changes required for their implementation. 
1. Requiring minor changes. 
1.1. Ambiguities must be eliminated as much as possible 

1.1.1. explaining the terms used in regulations and notes, 

1.1.2. defining the numerical and algorithmic characteristics of the elements,

1.1.3. Providing best practices and examples for each regulation or note. 
1.2. Regulations and notes must be clearly understandable, unambiguous and thoroughly explained by examples.
1.3. The signedness of each element in the message, in the main body of the sections or in the templates must be explicitly expressed in the manual.
1.4. A machine readable version of the tables must be available in a format suitable to build automatically the decoding rules into the decoding software. Web registries are considered the optimal solution to satisfy this requirement.

1.5. A machine readable version of the template must be provided to allow an automatic update of the decoding software.

2. Requiring changes in structure. 
2.1. A template must be introduced to define the time characteristics of the product represented in the message or a mechanism with equivalent flexibility must be provided.

2.2. The message structure of the new edition must be composed of single sections or templates or equivalent entities expressing at least the following elementary components of the product description: originator, time, horizontal grid, vertical coordinates, process, property or parameter, data representation. 
2.3. Separation of metadata from data values must be always present also for multiple field messages. It must be possible for decoding software to list the content of the message without decoding the full data set. 
2.4. Multiple, optional bitmaps to represent different types of missing data, e.g. instrumentation error, nothing recorded, not applicable etc. . 

2.5. Multi-dimensional structure has to be developed with a proper template based approach avoiding the simple repetition of sections.
2.6. A way for a hybrid height field to refer to its orography reference field (and other such referential requirements). A unique way of referencing external fields.
2.7. Introduction in the message of a checksum element to validate the integrity of data.
3. Requiring changes in vocabulary, syntax and structure. 
3.1. Improve interoperability.

3.2. Harmonisation with the ISO 19156 Observations and Measurement.
3.3. Redefine the term GRID as more objects which cannot be classified with the classical term of GRID need to be represented in GRIB. The concept of sampling feature used in O&M could be applied in this context.
3.4. Terminology defining the new format has to be thoroughly reviewed to avoid semantic overloading and ensure clear understanding of the meaning of each term.
3.5. Ability to represent data for other planets and stars.
3.6. Harmonisation with BUFR in terms of vocabulary and semantics.

Cost benefit analysis
A cost/benefit analysis of the implementation of these requirements can be performed assuming that the main benefits of implementing a new GRIB edition are: increased flexibility and wider user community while the most important costs are due to the impact of the change on NWP operational systems and on current users’ software. In the following cost/benefit diagrams the categories of requirements presented above are represented in the context of their benefits and costs with the aim to prioritise the implementation of one group or requirements on another.


It is clear from the cost/benefit diagrams that the requirements in group 3 have a high associated cost and in terms of flexibility a moderate impact, while they have a very high impact in terms of reaching new users communities. As a consequence the implementation of a completely different vocabulary and syntax in the new GRIB edition to implement a higher level of interoperability is giving little benefits to the current user community with a very high cost on changes in the operational and research systems. 
The benefits of implementing group 1 are low in both contexts and their cost is low as well, which makes this group not enough to trigger the development of a new GRIB edition, but is surely the group that we can implement if other requirements are giving enough motivation for a new edition.
Group 2 is providing considerable benefits for both aspects with moderate cost of implementation and can be considered the driver of the new edition implementation. 

According to the cost/benefit analysis the priority for the implementation of the consolidated requirements is therefore on the first two groups while the implementation of group 3 is very expensive and provides only partial benefits, therefore some requirements of group 3 can be implemented only if they can be moved to group 2 to decrease the cost of implementation. It is therefore proposed to start with the implementation of group 1 and 2 requirements and keep requirements in group 3 in consideration only if we manage to implement them with a low cost.

Methodology and starting structure
With the aim to start the development process the following structure, already proposed at the IPET-DRC IV, is proposed as a starting point for an iterative development process. We highlight that this is only a starting point for the development of a new structure and a discussion is necessary within the TT-GRIB to consolidate the ideas behind the new sections proposed.
	Section 0
	Indicator Section
	· GRIB (constant)

· edition

· length

	Section 1
	Originator Identification Section
	· centre

· project (optional)

· Local Template

	Section 2
	Time definition section
	· Time Template defining time for the product, including statistics on time.

	Section 3
	Horizontal grid definition section
	· Horizontal Grid Template (including spectral fields)

	Section 4
	Vertical coordinate definition section
	· Vertical Coordinates Template (defining the vertical level or layer)

	Section 5
	Generating Process definition section
	· Process Template defining EPS, deterministic, multi-model, … (model, configuration, version) (originator if different from message originator)

· Post-Processing template (clustering, probability, post-processing on the wave frequencies/directions)

	Section 6
	Physical Quantity or Observable Property definition section
	· Observable Property Template contains (discipline, category and parameter). Allows multi-dimensional and complex parameters definitions like for the wave model, chemicals and aerosols.

	Section 7
	Data Representation Section
	· Scanning Template

· Pre-processing Template 

· Data Representation Template

· Post-Processing Template 

	Section 8
	Bitmap section
	· Binary bitmap

	Section 9
	Data Section
	· Binary data

	Section 10
	Checksum Section
	· Checksum Template

	Section 11
	End Section
	


An iterative approach based on the following steps has been already accepted as the methodology to develop the new GRIB edition:

1. Proposal of a data structure based on the requirements and starting from the structure proposed in this document. 

2. Prototype of encoding/decoding software must be developed to test the proposed structure for performance and general encoding/decoding issues.

3. Examples must be produced and examined to assess the effectiveness of the new structure.

4. Iteration of the steps 1 to 3 until all requirements are satisfactory implemented.
Software for new edition development
ECMWF has offered its new decoding/encoding software ecCodes to support the development of new GRIB and BUFR editions. ecCodes is released with Apache 2.0 license and a collaborative development platform is provided to facilitate the collaborative effort. 

Software from other organisations provided for the same purpose with similar licensing scheme and with a collaborative development platform will be accepted for the development of new editions. 
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