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Workshop on NetCDF CF conventions 
for WMO data Exchange
Background
Following decision D21 of the IPET-DD-1 meeting [1] the Secretariat organised the workshop on netCDF CF conventions for WMO data exchange. The workshop was held in Exeter (UK) on 19-20 september 2019. The agenda and documents of the meeting can be found in the wiswiki page https://wis.wmo.int/page=CF-workshop 

Rational for the workshop

The wide use of netCDF as a data format for scientific purposes is well known and accepted. The standard is very flexible and easy to use but it doesn’t provide rules for the semantic interoperability of systems. The CF (Climate and Forecast) conventions provide a framework enabling interoperability at semantic level in many contexts and mostly for the purpose of scientific data exchange. WMO has developed a set of data formats enabling syntactic and semantic interoperability for the operations of the World Weather Watch (WWW) programme and is planning to extend the WWW to other fields covering the Earth system model with a seamless approach on time and space scales. The wider community involved in the new sub-systems and scales is using netCDF with various degrees of compliance to different conventions. WMO is investigating the opportunities and costs of developing regulations, based on the CF conventions. The goal of enabling semantic interoperability in the exchange of netCDF data for WMO purposes in the WMO Information System (WIS) is being assessed and will be a focus for the workshop. A primary aim for the workshop is to investigate a potential governance model for the netCDF-CF data representations to be used in WIS in a framework of collaboration with the CF community.
Executive summary
Workshop agenda and participants
The workshop agenda is divided in three parts:
1. CF for WMO data exchange. 
The needs from various WMO programmes are presented by WMO experts.
2. WMO and CF governance.
WMO and CF governance are presented by WMO Secretariat and CF panel respectively
3. Proposals for a WMO-CF collaboration.
Discussions on the opportunity of a WMO-CF collaboration.
The list of participants is in Annex 1. 
CF for WMO data exchange 
1.2. Needs of the satellite data community in the context of the CF Conventions
Daniel Lee from Eumetsat presented the needs of the satellite community. A summary follows and the full presentation can be found at https://wis.wmo.int/file=5666  
Several features of netCDF-4 that have great utility for the satellite community are not yet supported by the CF Conventions. These include:
a.	The use of Groups to organize data hierarchically
b.	New data types that were previously not available in netCDF-3
c.	User-defined types
Progress has been made on the encoding of data in netCDF-4 Groups (a) by the adoption of a corresponding proposal [1] for the next version of the CF Conventions (v1.8).
The capabilities required to support the use of new data types that are available in netCDF-4 (b) are provided by the CF Conventions to a certain extent by its capabilities of implementing flag and code tables. However, netCDF-4 makes it possible to do this in a more straightforward fashion and it would be advantageous to be able to use these capabilities in netCDF data that follows the CF Conventions. A proposal currently is in preparation for submission to the CF Community [5] but is not yet ready for formal deliberation.
User-defined types (c) are less straightforward than the atomic data types implemented natively by netCDF-4. Their use should be approached with caution. While it is acknowledged that some data producers within the satellite community would be interested in using user-defined types, any specification of their use should be conservative enough to prevent the proliferation of encoding styles that are opaque to users.
Some styles of encoding data are not currently covered by the CF Conventions but would be of use to the satellite data community:
a. Encoding data in the viewing geometry of observing platforms
b. Providing projections rather than explicit coordinates for all points in a data product
Data encoded in satellite viewing geometry (a), also referred to as swath geometries, has been proposed to the CF Community [4]. The proposal in question was endorsed by CGMS Working Group I: Satellite systems and operations at CGMS-47 [6]. Thorough discussion at the 2019 CF Community Workshop showed general approval for the proposal but it still remains to be finalized [7].
A current requirement in the CF Conventions to provide latitude and longitude coordinates for all variables can make remote sensing data products prohibitively large. Encoding variables while providing projection information that makes it possible to reconstruct the geolocation of every data point (b) would greatly reduce data storage and transmission costs. A proposal to make this possible in CF-compliant data [3] has been accepted by the CF Community and will become binding in the next version of the CF Conventions (v1.8).
1.3. Weather radar data
Tom Kralidis presented, on behalf of Daniel Michelson (Chair of IPET-OWR) the needs for the adoption of CfRadial 2.0 by WMO and CF community to support the new Weather radar format developed by the IPET-OWR. The current situation is that the standard has been proposed to the CF governance, but is not approved yet after many years. To be able to make the format available in the Manual on Codes there is the need of coordination with the CF governance and this can be better achieved with an expert team on CF conventions able to examine the proposal. The presentation is available from https://wis.wmo.int/file=5758 
1.4. CF/NetCDF for Marine and Oceanographic data
David Berry (on behalf of JCOMM) presented a brief overview of the marine and oceanographic observations that could be shared using the WMO Information System (WIS), with an overview of the existing use of NetCDF CF conventions within the community. Dr Berry highlighted that, in most cases, the CF conventions had been extended to meet the needs of the different communities and observational programmes. In terms of governance of CF compliant data on the WIS, and ensuring full interoperability, Dr Berry suggested using the SeaDataNet model as a starting point for developing an extension to the CF conventions, with mandatory attributes linking to existing WMO definitions and code tables.
1.5. CMIP standards and the need for conventions in the Copernicus Climate Data Store
Pierre-Antoine Bretonniere presented the use and needs of the climate community.
With a now long experience of intercomparison projects, CMOR has been proven to be, based on the CF conventions, a recognized and indispensable common language for sharing climate (but also seasonal, observations) data with the CMIP exercises. In this presentation, we will discuss the evolution of the CMOR conventions across the different projects and the adaptation of the standards to different flavours of projects and types of data, keeping the CMOR commonalities.
Based on the good practices of climate data conventions and sharing represented by CMOR and ESGF, we will then show a real use case of the C3S512 (Copernicus Climate Change Service) contract which is building a quality assurance framework on the Climate Data Store. This example of service will show the strong need for data conventions able to fit with very diverse types of datasets and profiles of users. We will present the first conclusions taken from this work, mostly based on pre-existing conventions for different formats.
1.6. CF/NetCDF for Global Cryosphere Watch
In achieving the GCW goals on standardization, access to, and quality management of current and past cryosphere data, information, and products, the initiative of WMO investigating the opportunities and costs of developing regulations, based on the CF conventions, is a welcome and necessary step, to enable interoperability in the exchange of NetCDF data for WMO purposes in the WMO Information System (WIS). Without it, the goals of GCW are not fully feasible. It is recommended that in the process of establishing the terms of reference of the associated process the following are taken into consideration: 
a. the harmonization and/or semantic mapping of terminology and semantics between WIGOS, WIS, and CF convention, with appropriate governance, to ensure the right balance between expediency and usability; establish consultative process for standardised approaches for newer data types, e.g. vector data like annotated polygons, lines and points (e.g. KML, Shapefiles), identification of WMO profiles for various data sources (e.g. profiles for fixed stations, moving stations (surface and profile observations) as well as for gridded data (including facilitating mapping to OGC WMS). 
a. While the existing WMO data representation system is addressed to a relatively small and known community, the CF Convention provides a framework of interoperability used by a much broader and diverse community. Hence, the governance process needs to address the degrees of freedom possible and the user friendliness, to ensure that the usability of data remains the core goal. 
b. Based on the experience to date, additional specific recommendations will be made, including that mapping towards DAP4 should be addressed, and that for large datasets on well-defined map projections, geographical positions should be possible to leave in order to reduce storage sizes. The GCW community is a very keen stakeholder of the proposed process and wishes to remain closely engaged in the process of defining the framework, and addressing specific needs.
1.7. netCDF/CF use at ECMWF
Sebastien Villaume presented the use of netCDF CF at ECMWF. He made clear that ECMWF does not have any plan to use netCDF for operations and is only providing netCDF to users requiring data in that format. ECMWF has developed a CF profile that is described in detail in the presentation https://wis.wmo.int/file=5752 . There was agreement that it would be important to have ECMWF CF profile as part of a set of WMO profiles.
1.8. Use of CF and netCDF at CMA
Feng Gao from CMA presented the use of netCDF and CF at CMA. There is a significant number of products that are converted to netCDF from various formats, but they are not always CF compliant. A description of the products is in the presentation https://wis.wmo.int/file=5744 . CMA is maintaining a conversion table from BUFR elements to netCDF attributes.
1.9. Use of CF and netCDF at Met Office
Bruce Wright presented the use of CF and netCDF at Met Office. 
The Met Office is aiming to massively increase the amount of data made available and improve the accessibility, by cloud-hosting the data and services to exploit the data. To support this, significant technology and science changes to are taking place in the processing chain to deliver the data to the cloud. Developing these capabilities raises a number of metadata challenges.
Rather than trying to provide a comprehensive picture of the use of CF and netCDF, this presentation will describe how data processing is changing at the Met Office and consider some examples of new metadata requirements that are arising as a result. It will focus of the processing the forecasts generated by the atmospheric Numerical Weather Prediction (NWP) models to:
•	Standardise the data to decouple downstream users from change to NWP model configurations; 
•	Post-Process the model data (including the blending of multiple model forecasts) to improve the quality and usefulness of the forecasts, providing a single best forecast.
Some of the key principles of the approach are the exploitation of ensembles, the provision of probabilistic forecasts (as the default) and verification at every step of the process. The systems that implement this capability are built using a modular architecture, in python using standard libraries such as Iris and NumPy, with the core data format being CF-netCDF.
Some of the metadata challenges this raises are;
•	Standardised model data from the ensembles is presented as ensemble members or realizations, but the probabilistic, post-processed forecasts need to be represented as sets of probabilities of threshold exceedance or percentiles.
•	In some cases, it is important to maintain knowledge of dependencies between models (e.g. ensemble labels), where one model is used to ‘drive’ another model, so the forecasts from the two models can be used consistently.
•	The post-processing chain involves time-lagging of a number of model runs, blending of different models, as well as the application of physical and statistical processing methods. Ideally, the provenance information for these processing chains should be made available with the data, but the complexity of the processing chain, which involves quite a number of steps and the merging of different chains, makes a simple representation challenging.
•	Current technology choices and customer needs, require the management of conversions between CF-netCDF and GRIB and visa versa. Ideally, these mappings should be held in one place within the organization, or, better still, one place within the international community, but this requires a very flexible approach.
The presentation will briefly discuss some of the approaches taken to address these requirements. 
1.10. CF data model
The CF data model, presented by David Hassell (https://wis.wmo.int/file=5764 ), provides an interpretation of the conceptual structure of CF which is consistent, comprehensive, and as far as possible independent of netCDF. We believe that an explicit comprehensive data model will lead to the CF conventions being better understood, will provide guidance during the development of future extensions to the CF conventions, and will help software developers to design CF-compliant data-processing applications and to build interfaces to other explicit data models. The CF data model also sets the groundwork for applying CF to other file formats, should that ever be desired.
WMO and CF governance
1.11. WMO governance and data representations
Enrico Fucile presented an overview of WMO governance and explained the role of Manuals and Guides. The process to amend the technical regulations and in particular the Manual on Codes was explained with particular attention to the different procedures and their timeframe. The details of the presentation are reported in the document https://wis.wmo.int/file=5670   
1.12. CF governance
Jonathan Gregory from the CF panel made a presentation on the CF governance and on the expectations for the workshop a summary of the presentation follows and the full presentation can be found here https://wis.wmo.int/file=5746 . 
CF is a convention for the use of netCDF files, adopted by many projects, designed to promote the processing and sharing of geoscientific datasets of from observations and models. It comprises a conventions document (of ~150 pages in the present version), a standard_name table (defining strings to identify ~4000 geoscientific quantities), a data model, associated software and a website. It originated 20 years ago and is still in active development by a community of dozens of people, who make decisions by consensus through public debate on GitHub. CF has a governance panel responsible for promoting its use, encouraging support for it, and appointing the committee which is responsible for overseeing the development of CF. The CF governance panel welcomes WMO's involvement, would could offer a solid institutional anchor for CF. We would like to understand WMO's interests and to discuss their implications before deciding how to proceed.
Proposals for a WMO-CF collaboration
The workshop discussed the opportunities of a collaboration between WMO and the CF community. The following elements emerged as the key concerns and opportunities:
· CF community has developed a flexible and functional set of conventions that is a value for the scientific community and is willing to extend it to cover other fields, but does not have resources to respond rapidly to any WMO request. Therefore there is expectation that significant work to develop the proposals originated by WMO requirements is done by WMO experts and CF governance is involved in the final stage if necessary.
· CF community and WMO both agree that deviating from the CF conventions should be avoided as much as possible because it would cause a problem interoperability problems and prevent to the existing and future software to operate consistently across CF conventions and WMO conventions.
· WMO and CF community agreed that an expert team on CF conventions can address WMO requirements and that the team has to work closely with experts from the CF community and make proposals to the CF governance to harmonise the WMO regulations on netCDF CF conventions.
The workshop discussed the terms of reference for an expert team on CF conventions and agreed on the text in Annex 2.
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Recommended Text 
1. During the CF workshop held in Exeter 19-20 September 2019 the WMO Programmes presented the needs and requirement of netCDF CF data representations for operational purposes. It was particularly clear that for satellites, weather radar, GCW, climate and SGDPFS there is an urgent need of amending the Manual on Codes with appropriate CF profiles.
1. The workshop suggested the formation of a WMO Expert Team on CF Conventions and drafted its terms of reference reported in Annex 2.
ICT-ISS recommends the formation of an Expert Team on CF Conventions with the terms of reference reported in Annex 2 and highlights the urgency because most of the work on netCDF and CF conventions in the Members and in the Programmes is ongoing since some time and the vocabularies and conventions developed will be extremely difficult to reconcile in a very short time.
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Expert Team on CF Conventions

Terms of Reference

1. To consider specific requirements by WMO Programmes for the implementation of CF-netCDF data profiles and extensions, and evaluate the particular choice of data format in consultation with other expert teams [ET-TDCF] [ET-XML].
To ensure that new proposals are harmonized with existing WMO CF data profiles and extension and coordinate with other Programmes in their further development. 
2. To collaborate with [ET-TDCF] on parallel implementation or mapping using BUFR or GRIB of the WMO CF data profile and extension developed by the team.
To collaborate with the CF community through CF processes to participate in the  to meet the need of WMO Programmes and avoid nonconformance to CF conventions or CF data model
3. To avoid the need to create forks of the CF convetions by collaborating with the CF community and considering alternative options.
4. To provide a technical reference implementation of data validation tools for profiles and extensions proposed.

Definitions

CF Profile
A CF profile is a data definition conforming to the  CF conventions. It is made by mandating or forbidding elements that are 




defined and optional in CF and by mandating specific data structures for purposes o     interoperability and operational exchange. A CF profile is CF compliant by construction.
Examples
It is a CF profile. The following rules could be in a CF profile
· The standard_name attribute must be present for the primary data variable (in CF it is optional), with a valid standard name;
· Atmospheric temperatures must use units of Kelvin (in CF units of degrees Centigrade or micro-Kelvin would be valid);
· The “Conventions” attribute must be present (optional in CF).


CF Extension
 As such has the potential to be conflicting with future developments of CF conventions. 

· Adding a “quality” attribute to variables: because it would not conflict with the current convention, but could conflict with future modifications should CF later adopt a conflicting definition of “quality”.;
· Specifying a specific order for variable dimensions other than the spatio-temporal dimensions which are already constrained by CF. For example, specifying the order of “realization” and “radiation_wavelength”: not currently constrained by CF, but a new rule could (theoretically) be introduced.
[bookmark: _heading=h.y7ax247yf64n]

Fork of the CF conventions      
A fork of the CF      conventions is a data definition that is partly conformal with CF conventions but has some elements that are not compliant with CF data model or other aspects of the CF convention.
Examples (anything in a profile or extension can be in a fork, but the following cannot be in either a profile or extension):
· Using the standard_name attribute with a value which is not approved;
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