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Summary and Purpose of Document
Some problematic aspects of the current GRIB edition are discussed. Requirements and a new structure, to be developed in GRIB edition 3, are proposed.
_______________________________________________________________________

ACTION PROPOSED
The team is invited to consider the requirements for edition 3, the proposed structure and promote the definition of the new edition based on them.
REFERENCES:

1) Final report of the third meeting of the Inter-Programme Expert Team on Data Representation and Codes (IPET-DRC-III)
1. Introduction

During the third IPET-DRC meeting in 2011 the need for a new GRIB edition 3 has been expressed and a decision has been taken to gather requirements for the new edition. In the present document some of the problems affecting GRIB edition 2 are analysed, a set of requirements is provided which should allow the new edition to overcome those problems and a proposal is made for a new structure which should constitute a good basis for the development of the new edition.

2. Problems affecting edition 2
The following problems affecting GRIB edition 2 have been found in the last two years. Some of them can only be solved with the introduction of a new version and for others a solution has been found which is not completely satisfying. In any case the lesson learned from those problems must be reflected in the requirements for the new edition. 

1. With the need of defining new calendar types (IPET-DRC III, doc. 2.2.1), it has been realised that section 1 is not flexible enough to allow extensions. This is essentially due to the absence of a template in section 1. It is impossible indeed to define a new format of the section through the change of the template number as for all the other sections. 

2. Several ambiguities have been found in the past which are difficult to address in the same edition without causing some of the data being invalidated by the introduction of a more restrictive rule. Indeed the only option when an ambiguity is found is to introduce a constraint or explanation resolving it. Unfortunately due to the ambiguous definition of the rule, there are always data coded according to different interpretations and introducing restrictions will invalidate some of them. This is unacceptable and therefore the only solution is to address the problem in a different edition. Here follow two examples of ambiguities affecting GRIB edition 2.

a. The following regulation has been source of ambiguities for its unclear formulation:

92.6.2 To maintain orthogonal structure of GRIB Edition 2, parameter names in Code table 4.2 should not contain surface type and statistical process as part of the name.

In this case the meaning of orthogonal structure is not explained and is not a concept commonly used in the context of codes, the statistical process is not defined and therefore is not clear that the authors were referring to time statistical process. Moreover it is not clear how to produce the orthogonality required and how to apply the orthogonality in relation to the time statistical process (IPET-DRC-III doc. 2.2.3).
b. Another source of ambiguity has been found in the lack of explicit definition of the signedness of the GRIB elements which in some cases can lead to confusion. An example is the direction increment, for which a sign is not necessary as the scanning mode provides a sign for it. However it has been interpreted by some producers as signed (IPET-DRC-III, doc. 2.3.3), with some ambiguity on its combination with the scanning mode. 

3. In edition 2 the constraint that only positive longitudes can be coded has been introduced. It was not present in edition 1 and appears to be artificial and unnecessary. The Team has decided to eliminate the constraint in the new edition 3 because it is not appropriate to change it within the current edition (IPET-DRC-III, doc. 2.2.2).

4. The presence of one single “Product Definition Template” in section 4 and the combination of parameter, vertical coordinate, process, time and post-processing information in the same template is generating an excessive and undesirable proliferation of templates. Moreover is forcing the users to take care of the combination of those information elements before choosing the appropriate template, making the process of choosing the template complex and error prone.

From an analysis of code table 4.0 (Product definition template number) it is clear that some of the entries are due to the need of all the combinations of process (or forecast system), time and post-processing. As an example we have:

a. Analysis or forecast at a horizontal level or in a horizontal layer at a point in time
b. Individual ensemble forecast, control and perturbed, at a horizontal level or in a horizontal layer at a point in time
c. Average, accumulation, extreme values or other statistically processed values at a horizontal level or in a horizontal layer in a continuous or non-continuous time interval
d. Average, accumulation, extreme values or other statistically processed values at a horizontal level or in a horizontal layer in a continuous or non-continuous time interval
Indeed we have four items corresponding to the combination of two processes (deterministic forecast and ensemble forecast) and two time definitions (point in time and statistics on a continuous or non-continuous time interval). This is a clear result of a poor fragmentation of the message in appropriate categories and types.

3. In the current GRIB edition 2 time series are coded as grid description template 3.1200 (time section grid). This is not appropriate as grid description template should only be used for grid definitions and there isn’t any template to define a time series.
4. The current format of the template tables is not suitable to be used to update automatically the decoding rules of decoding software. Therefore a manual intervention is necessary to implement the coding rules in decoding software, with a quite high risk of error.

5. In edition 2 is possible to code multiple fields in the same message by repetition of the data section and some of the sections defining the metadata for the coded field. The description of the section repetition mechanism, used to code multiple fields is reported below as taken from the FM-92


SECTION 0

SECTION 1

SECTION 2        (                                              

SECTION 3

SECTION 4


SECTION 5


SECTION 6

SECTION 7

SECTION 8
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.
The section repetition mechanism provides a way of coding multiple fields, with the undesired effect of mixing data and metadata in a way that to inspect the content of the message, the full message, including data, has to be decoded. Due to the fact that with its implementation is possible to code a big number of fields in one single message, the inspection of some messages can be very time expensive as well as the extraction of one single message from the file. Moreover this way of implementing the multiple field messages does not provide a multidimensional, indexed view of the fields in the message.

3. Requirements for GRIB edition 3

The following list of requirements is obtained by the issues examined above with the aim to improve the flexibility of the format and to eliminate existing ambiguities.

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. Ambiguities must be eliminated as much as possible 

a. explaining the terms used in regulations and notes, 

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

c. providing best practices and examples for each regulation or note. 

Regulations and notes must be clearly understandable, unambiguous and thoroughly explained by examples.

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.

4. An electronic copy of the tables must be available in a format suitable to build automatically the decoding rules into the decoding software.

5. 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. 

6. Separation of metadata from data values must be always present also for multiple field messages.

The following requirements are not connected with the issues discussed, but are considered to be important in the development of the new edition 3.

1. Introduction in the message of a checksum element to validate the integrity of data

2. A way for a hybrid height field to refer to it's orography reference field (and other such referential requirements)

3. Multiple, optional bitmaps to represent different types of missing data, e.g. instrumentation error, nothing recorded, not applicable etc.

4. Ability to represent data for other planets and stars

4. Structure for GRIB edition 3

The following structure for GRIB edition 3 is proposed to address the problems exposed in section 2 and to satisfy the requirements from section 3. 

The philosophy behind the new proposed structure is to improve the organisation of the message trying to group the properties defining time, space, process, property, and data in different sections. An important principle followed in the design is to include templates in each section to provide the fundamental flexibility mechanism needed to extend the format without making changes in the structure. The structure is made of 11 sections and 12 templates and its main characteristics are listed below following the order of the sections and highlighting the problems addressed.
	Section 0
	Indicator Section
	· GRIB (constant)

· edition

· length

	Section 1
	Originator Identification Section
	· centre

· project

· 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
	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
	Property definition section
	· 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
	


1. Discipline to be defined at a later stage in the message

The discipline is not any more defined in section 0, it is moved to section 6 “Property definition section” for the following reasons:

a. It is part of the definition of the property as it defines the context in which the property is computed or observed and should be logically linked to it in the “Property definition section”. 
b. Defining the discipline at the beginning of the message prevents the coding of fields from different disciplines in the same message, which is an unnecessary limitation to be eliminated.
2. Originator Identification Section

This section should define uniquely the originator of the message. In principle one unique identifier as defined in Common Code Table C-1 should be enough, there are only two exceptions:

a. There is the need to identify if the message is generated in the context of an international project like COSMO, HIRLAM, TIGGE or MACC.  
b. The centre is not listed in table C-1. In this case the common use is to give to consider a sub-centre of a listed centre. This is not always true as the centre can be a university or another organisation in a different country which cannot be considered as a sub-centre. 

We suggest that a new element “project” of type code table is used in this section to allow the identification of the international project. We also propose the introduction of a local template to address the issues of local information, including the sub-centre definition. The use of the local template should be clearly regulated as containing the information not relevant for international exchange and of exclusive local use. 

3. Time definition section.
Time definition is very complex and should be allocated in appropriate templates. At the moment in GRIB 2 there is excessive flexibility in the definition of a series of time interval and statistics which is necessary only in very few cases and represents an unacceptable burden in the majority of the situations. We need a simple template for instantaneous fields, a template for single time interval fields and different templates for more complex situations regarding averages on several intervals or special time sampling. With a “Time definition section” it will be possible to define a “time grid” in the same way as we define a “spatial grid”, allowing all the possible combinations of space/time scanning. Details of this feature are explained at point 9. This is addressing the strange situation of edition 2 in which the “time series” is defined as a Grid Definition Section template.

4. Horizontal grid definition.

The horizontal grid definition is very similar to the Grid definition section. The only reason for the change in the name is to enforce the meaning of horizontal grid as a more general 3 or 4 dimensional grid can be defined with the proposed structure. Indeed with the appropriate definition of a time series in the time section and/or a set of vertical levels in the vertical coordinate section it will be possible to define a 3 or 4 dimensional grid. The scanning rule will be defined in the data section as scanning template (see point 9).
5. Vertical coordinate definition

The vertical coordinate definition is contained in a section and is separated from the parameter definition because it is independent from the definition of the parameter to be observed or forecast. The templates in this section shall allow the definition of level, layers and complex vertical coordinate in which a list of parameters is sometime needed. 
6. Process definition section

The process is producing the data. It can be an observation or a forecast. In the case of observation the characteristics of the instrument are defined in the template, in the case of a forecast the complex characteristics of the forecasting system are defined in the proper template. In this section two different templates are included to define the process producing the data and eventually a post-processing of the data.  We can describe a probability forecast as a post-processing of an Ensemble Prediction System or a Multi-model system which are described in the Process template. There is always a definition of the process and in some cases the outcome of the process is post-processed to obtain some new data. The post-processing has to be defined as applied to the data produced by the process.
7. Property definition section

The property is the parameter in most of the cases, and it is defined as discipline, category and number in the same way as in edition 2, but in some situations more information is needed to define the property. Sometime we need to say “of what” to disambiguate the property. If we say temperature at 850 hPa, we implicitly mean “temperature of the air”. This has to be explicitly stated when the property is related to a chemical component or an aerosol. We need to say concentration or flux of Carbon Dioxide, otherwise the Property is not properly defined. To avoid ambiguity it is proposed to have an extra item in the Property definition section always stating the object of the property also for trivial cases. In this section it should be possible to define complex properties like the partitioning in the wave context and the physical and optical properties of chemicals and aerosols. 
8. None of the sections can be repeated, none of the sections is optional.

Repeated sections violate the principle of separation of data and metadata. Indeed if we allow repetition of section we end up having a mix of data and metadata sections which is making difficult for a software to read only the metadata as needed when we parse a large message, containing hundred or thousand of fields, to list the content without accessing the data or to build an index to access the data in a random way. In the proposed structure multi-field messages are still allowed, but they are the result of combination of space/time grid templates. It could also be considered the possibility to define a template with series for Process and Property to allow multi-fields not only in space/time regime, but also in terms of process/property. In this case the space/time scanning could be extended to be space/time/process/property scanning. It is very important that multidimensional fields are described in the appropriate templates. As an example to represent a time series the template in section 2 shall describe the series and the scanning template in the data section shall describe the scanning order of the 3 dimensional grid.

There isn’t any need of optional sections with the proposed structure.
9. Time space scanning

Scanning defines the relation between the n-dimensional grid described in the metadata and the data values stored in the data section. If in the Time section we have defined a series of time instants and we have a horizontal grid and a vertical grid defined in the appropriate sections, we can make the assumption that the 4-dimensional grid is obtained by Cartesian product of the component space/time grids. In this case we need to know the order of scanning of the space/time variables to map the space/time coordinates to the data points in the data section. This is defined in the scanning template. We can actually define more complex space/time entities by allowing composition grids as opposed to the Cartesian grids. We can have a horizontal grid composed with a time grid, in which case the points in the horizontal grid will be characterised by being observations at different times defined in the time grid. 

10. Checksum.

During the transmission the message can be corrupted and in the current format there is not a way of checking the integrity of the message. The checksum section is intended to provide a way to check that the data transmitted in the message are not corrupted.
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