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Overview
NetCDF (Network Common Data Format) was developed by Unidata to facilitate the access and sharing of array-orientated data in a form that was self-describing and portable. 
NetCDF offers a conceptual data model, a binary format and an API. The data model is simple, but flexible, based around variables, dimensions and attributes. Variables are used to store the bulk of the data, and they can share dimensions. Dimensions describe axes of data arrays, and can also represent a physical dimension. One unlimited (expandable dimension) is allowed, allowign data to be appended to existing arrays. Attributes can be used too assign metadata either to variables or to the file as a whole; they can be scalars or 1-dimensional arrays. 
Standard data types standard types: byte, 16 & 32 bit integer, 32 & 64 bit float and character; strings are realised as character arrays.
NetCDF itself provides a very limited metadata specification, so the Fluid Earth Sciences community have almost exclusively adopted the Climate and Forecast (CF) metadata convention (developed for sharing climate model and NWP forecast data), which offers a widely-used standard for metadata (esp. through standard names). CF Governance Committee and CF Standard Names Committee manage the CF standard through a TRAC, Wiki site and mailing list.
Users interact with the data and metadata in a file through an API that allows things like querying the number of variables (data objects) in a file, reading or writing slices of data to the variables, defining the variables in a file after creation, etc. The API is implemented in two branches: C, which also covers C++, FORTRAN 77 and FORTRAN 90, and Java.
Unidata provide a library of routines for interacting with NetCDF files. Toolijg is also provided as open source by others. Also, there are binding to a range of lanuages and COTS software packages.
The current version of NetCDF is 3, but version 4 is in beta (soon to be released) and incorporates the HDF5 software, offering much greater funcctionality.

SWOT Analysis
Strengths
· Portable. Machine-independent.

· Self-describing and self-contained. All dimensions, variables and attributes are defined and understandable without reference to external information.

· Highly flexible and extensible metadata standard (CF) (eg. Can describe irregular grids, and station-based data)
· Access through standard API, so the physical storage is abstracted away from the user.

· Appendable, in the sense that one dimension can be unlimited, so data can be added to an existing array in a file.
· Multi-dimensional (typically 4 dimensions – 3 spatial and time).

· Human readable through simple NetCDF tooling. Metadata (and data) are exposed as Common Data format Language (CDL) (formatted text)

· Widely used ( a de facto standard) in the fluid earth sciences community (esp. research & academia, and climate, ocean & marine modelling)

· Low ‘entry-level’ option for non-specialists and specialists alike. 

· Good support though active netCDF and CF mailing lists

· Responsive metadata standard (CF) administered though TRAC, Wiki and mailing list. Mainly voluntary resource, but some fomally committed effort.

· Good tooling and API support, in C, C++, FORTRAN 77, FORTRAN 90, and Java, with bindings to Perl, Python, Ruby, Tcl/TK and COTS products (e.g. ESRI ArcView, IDL. MATLAB, R), and much open source tooling and software (e.g. GRADS).
· OGC WCS standard supports NetCDF as a binary return format (OGC=Open Geospatial Consortium, WCS=Web Coverage Service).

· Direct Access format provides efficient on-line data access and subsetting.
· Guarenteed backward compatibility for both NetCDF and CF, so good for long term retention.
Weaknesses

· Operational meteorology uses CF less, so the CF metadata standard does currently fully describe this area at present.
· Larger file size / increase bandwidth requirement (compared with GRIB and BUFR files), as NetCDF3 offers only simple compression to 1,2 or 4 bytes (offset and scaling) and no compression.

· Non-sequential format (direct access) means that NetCDF is less appropriate for offline storage or tranmission, as whole file is required.
Opportunities

· Adoption of NetCDF4, which brings together NetCDF and HDF), offering improved capabilities, would be a good way for WMO to incorporate both NetCDF and HDF through adoption of a asingle standard. NetCDF4 enhancements include:
· compression:

· Expanded data model

· Compression

· Parallel I/O

· Multiple unlimited dimensions

· Groups 

· User-defined types

· Improved compression has in NetCDF has been demonstrated, so further work could realise compression/packing at the same level as GRIB.
· Adoption for WIS, as a pull-based format, as allows easy sub-selection.
· Exploitation of external software (i.e. tooling developed outside WMO community).
· Improved exposure of Meteorological data to wider community. 
Threats
· Highly responsive nature the CF metadata could be an issue with stability for a WMO-adopted standard. This would have to be managed with the CF custodians, possibly adopting fixed version of the CF standard.
· Effort to migrate to NetCDF fo both data suppliers and users.

· NetCDF4 is not very mature, although NetCDF3 is.
Recommendations

· WMO should look to adopt NetCDF4 rather than NetCDF3, as this will offer improved performance and offers a convergence of NetCDF and HDF (effectively adopting 2 standards though one API).
· Adoption of NetCDF should where it is fit for purpose.

· WMO should engage with the NetCDF and CF community to:

· Agree a modus operandi.
· Drive forward the NetCDF format (e.g. enhanced packing/compression) and the CF metadata standards to be fit for operational meteorology (WMO requirement).

· Commit resources (at NMHS level) to support the data format and metadata standard development
.
