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Introduction
The netCDF format enjoys widespread adoption and excellent software support for the use in encoding scientific data in the geophysical and remote sensing communities and beyond. An increasing number of robust software packages can readily consume and perform scientific processing on data stored in netCDF files. Therefore, the use of netCDF offers advantages to data producers and consumers, particularly in the case of large volumes of environmental data that will be consumed by users from outside the numerical weather prediction community. Examples of this abound in the meteorological community due to the large amount of forecast and ancillary data, as well as the large amount of observational data collected on space-borne platforms.
EUMETSAT, as a large data producer, acknowledges these facts. Current planning foresees the use of netCDF as the “native” format for data products generated using future generations of satellites such as Meteosat Third Generation (MTG) and EUMETSAT Polar Service Second Generation (EPS-SG). This means that netCDF will replace currently used, bespoke binary formats. In keeping with current practice, EUMETSAT will still convert data products to the WMO formats BUFR and GRIB on request by its member states.
The use of netCDF as a final product delivery format presents new challenges from a data governance perspective. WMO formats have a robust and well-defined governance policy, driven by the needs of Member States and extensive allocations of effort by member states for maintenance and evolutions. This ensures that needs of member states can be reflected quickly in new editions of the formats and the tables they use in order to store the controlled vocabulary that the formats use. Additionally, the controlled vocabulary of the WMO formats is an intrinsic part of the data formats’ semantics, meaning that it is difficult to encode data in a way that can be misinterpreted. This is not the case for netCDF.
NetCDF files can be encoded using arbitrary variable, dimension and attribute names. Therefore, there is no guarantee provided by the format itself that a data producer is encoding data in such a way that users can interpret it correctly. A standard must be declared within the netCDF file that clearly describes the meaning behind any names used, as well as the relationships between named objects in the file.
The Climate and Forecast (CF) Conventions are the most widely adopted standard in the area of environmental data and are widely supported by most major software libraries. They govern the use of metadata in data products, as well as the data’s presentation and the vocabulary used therein. This familiar standard is understood by many users and by their software, to the point that most users are not even aware that products they use conform to any specific standard; instead, they believe that netCDF “just works” because it is interpreted by their software transparently and correctly. It is for this reason that the CF Conventions are considered by many to be the best standard for use with netCDF data.
As early as 2008 the WMO Expert Team on Assessment of Data Representation Systems (ET-ADRS) noted that the CF Conventions are likely the most suitable standard for use in WMO systems when encoding data products in netCDF‑4 [1]. The Expert Team also noted that the Conventions have certain shortcomings. The CF Conventions are already in their second decade of existence and were created when netCDF-3 was the most recent version of the netCDF format. Experience with using the Conventions have shown that:
1. Many attractive features of netCDF-4 are not covered by the Conventions that would be useful for encoding data products, and
2. The Conventions have evolved largely around forecast and in-situ observation data, so that improvements could be made to fit more closely with the needs of the satellite community.
In contrast to the WMO standards, the CF community does not have dedicated resources for evolving the standard and coordinating usage. This has led EUMETSAT to increase its involvement with the CF governance process. This paper describes the current state of this involvement and proposes ways to improve the use of the CF Conventions so that they better match the needs of the WMO community.
Compliance with CF Conventions
EUMETSAT plans maximal compliance with the CF Conventions for all netCDF products it produces. However, certain features will not be covered by the Conventions until the standard has evolved.
Standard names
The CF Conventions define a controlled vocabulary. This vocabulary, consisting of names of variables that can be unambiguously interpreted, is encoded in the standard_name attribute of a variable. Variables with this attribute can be looked up in a table of standard names. This table is updated at regular intervals by the CF community.
The standard_name attribute is not required in a CF‑compliant netCDF file. However, it is advantageous to standardize the description of commonly used variables in order to avoid ambiguities. If the standard_name attribute is used, its value must exist within the standard name table governed by the CF community in order to be compliant.
EUMETSAT uses standard names primarily in current-generation products. For the most part, these names can be found in the table of standard names. Next generation programmes make considerably less use of standard names, as the adoption process has proven quite slow due to limited resources within the CF community.
Out-of-scope netCDF features
The CF Conventions were drafted with the intent of standardizing the use of netCDF‑3. Since its first adoption in 2003, the netCDF standard has evolved. The release of netCDF‑4 in 2008 brought several new features, among others:
· Use of HDF5 as a storage layer
· Multiple unlimited dimensions
· Groups, allowing for the hierarchical organization of data
· Several new primitive and user-defined data types
None of these new features are governed by the CF Conventions, and it is a matter of debate as to whether they can be used in products that are CF‑compliant. In any case, the fact that the CF Conventions provide no guidelines for these features of netCDF‑4 mean that both data producers and consumers may interpret data encoded using these features differently. For example, new data types may not be supported by software. Additionally, and more crucially, different users may have different interpretations of the semantics of groups.
An overview of netCDF‑4 features used in future core missions at EUMETSAT is provided in Table 1.
[bookmark: _Ref438810]Table 1: netCDF‑4 features used in future core missions at EUMETSAT. “x” indicates the feature is used in products of the respective programme.
	Feature / Programme
	EPS Second Generation (EPS-SG)
	Meteosat Third Generation (MTG)

	New primitive data types
	x
	x

	New user-defined data types
	x
	x

	Multiple unlimited dimensions
	
	x

	Groups
	x
	x



EUMETSAT is pursuing the adoption of guidance on the use of all of the features listed in Table 1 in the CF Conventions. This is a long-term endeavor. Additionally, participants in CGMS WGI have identified the need for guidance in the encoding of data in the viewing geometry of space-borne platforms. Although this is outside the scope of the CF Conventions, it is possible to do this in ways that are compliant with the Conventions. Further material on this matter is forthcoming.
Collaboration with the CF community
At CGMS-46 a WGI liaison between CGMS and the CF community was nominated [2]. This has strengthened collaboration with the CF community. In the course of this collaboration, a proposal to extend the CF Conventions to govern the use of netCDF‑4 groups was submitted on 3 Aug 2018. This draft extension [3] is still in discussion now, but it is expected that it will be adopted by the release of the next version of the Conventions (v1.8).
Further extensions to the Conventions will be proposed following conclusion of discussion surrounding the current proposal [3].
Some aspects of collaboration with the CF community that have hindered the quick resolution of issues remain. For example, it has been noted by multiple data producers that the adoption of new standard names takes a very long time (in some cases years) due to the resource constraints on the side of the community; more cannot be expected from a group of experts who donate their time with only limited backing from their organisations. The same issue applies to wider-reaching change proposals, such as the one currently in discussion [3]. While this has been acknowledged by members of the Conventions Committee, it is unlikely to change. Nonetheless, contributions from new users of the CF Conventions have been welcomed.
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Recommended Text
The use of netCDF in WMO systems has been explored by many groups, notably by the ET-ADRS, which compared the merits of netCDF directly against those of other popular data formats. The primary shortcoming of netCDF has been described as the lack of a standard that fulfils all operational needs of WMO. As the WMO community increasingly embraces the use of netCDF, it is important to ensure that data products continue to be unambiguously interpretable by all users. The CF Conventions are an excellent starting point in reaching this aim; they are widely adopted, well tested and well understood.
Nonetheless, the CF Conventions have been created primarily by research users and due to a very slow governance process have not been updated to regulate many useful aspects of the new netCDF‑4 format. As a result, the Conventions do not completely satisfy the needs of the operational numerical weather prediction community. The primary reason for the slow evolution of the CF Conventions and lack of representation of the concerns of operational NWP (including concerns related to encoding observational data) is a lack of resources in CF governance process.
The WMO community would profit from:
· Making use of the existing CF Conventions when encoding data products in netCDF;
· Contributing to the development of the CF Conventions using existing processes;
· Specifying a subset of the CF Conventions that would be considered appropriate for operational use in WMO;
· Considering the use of one or more additional metadata attributes that would be similar but orthogonal to the CF standard_name attribute that would allow the unambiguous description of variables, as well as mappings between WMO and CF metadata standards, while removing any dependency between WMO and CF governance processes.
It is proposed to explore these options in a workshop involving representatives of both WMO and CF. The workshop should pursue the goal of producing clear terms of reference for future work in contributing to the evolution of the CF Conventions and governing the use of these conventions within WMO.
--------------------
image1.png
World Meteorological Organization

Working together in weather,climate and water





