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Abstract. An example citation for data at the British Atmospheric Data Centre (BADC) is examined to determine the main issues faced in making data citation common practice. The primary challenges are found to be instituting a peer review process and providing clearer definition for large multi-file data sets. Two possible mechanisms are suggested for peer review of data and the Climate Science Mark-up Language is suggested as a means of formalizing the dataset definition.
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1   Background

The Natural Environment Research Council (NERC) has a high level commitment to data management and funds eight subject based data centres to accomplish this task. The British Atmospheric Data Centre (BADC) [1] is one of these data centres. The BADC has a mission to facilitate the use of atmospheric science data by researchers and to archive data from NERC programmes for the long term.  The BADC has built it reputation on its facilitation role rather than its curation activities, but as curation is increasingly valued and the data held ages, work is underway to improve the infrastructure for curation. The work reported here is part of BADC involvement in the JISC funded Citation, Location, and Deposition in Discipline & Institutional Repositories (CLADDIER) project [2]. This project aims to raise the profile of data sets as citable objects and to link subject based data repositories like the BADC with institutional repositories.
2   Citation of data
Atmospheric scientists historically have not cited data in the same way that they cite scholarly publications. To change this culture it is important to present scientists with examples of how data citations would appear in the bibliography of a paper. Constructing example references also offers an insight into the issues that need to be addressed. 
The example used in this paper is a citation for the data produced by the NERC MST radar facility (MSTRF, [3]). This data consists of a time series of wind speed profiles for altitudes between 2 and 80 km. As well as the primary wind data there are numerous other parameters measured by the radar and other instruments co-located with the radar. The data from the radar is processed and then stored at the BADC as a series of data files. The primary discovery metadata record for this data is single catalogue entry that provides a description of the MSTRF. Additional metadata are located in the file headers, and in documentation available with the data. 
To create a citation for this data we follow the National Library of Medicine Recommended Formats for Bibliographic Citation [4] for databases and retrieval systems. The citation follows the form:

Author(s). Title [Content Designator Medium Designator]. Edition. Place of Publication: Publisher. Date of Publication [Date of Update/Revision; Date of Citation]. Extent. (Series). Availability. (Language). Notes.

Taking these elements in turn we have;

Author: A corporate author is most appropriate, i.e. NERC and the facility name. However if would also be good to credit the principle investigators. 
Title: The data is referred to by the facility name. 
[Content Designator Medium Designator]: For simplicity “Internet”.
Edition: The data has several versions of processing and levels of product. Additionally there are data from ancillary instruments. All of these could be counted as different editions. For this example we chose “version 2”, a processing version number, and “Cartesian”, a product level description. As there is no guidance, at present, on what an author should class as the edition they are at liberty to create what they believe is useful, for instance, “Mesosphere, Spectra Widths” is an equally valid description of the data edition. This potential ambiguity needs to be addressed. 
Place of Publication: This holds little value in an internet world littered with virtual centres. We are leaving this out even though the field is required to follow the guidelines.
Publisher: The organisation responsible for maintaining the primary copy of the data is the BADC, or perhaps NERC. Is this what is meant by the publisher? Publishers also perform some quality control functions, for example peer review. For arguments sake we use the BADC here.
Date of Publication: For this data 1990 onwards.
[Date of Update/Revision; Date of Citation]: As this data is updated every hour, the citation date is most useful.
Extent: this is the size of the data and is optional. We leave it out in this example.
Series: Optional and not appropriate in this example.
Availability: A URL from which the data is available.
Language: Optional. Although the data can be considered language neutral, all the metadata, both within the data files and in accompanying documents is in English. 
Notes: Optional notes 
 
The constructed citation now looks like this. 

Natural Environment Research Council, Mesosphere-Stratosphere-Troposphere Radar Facility [Thomas, L.; Vaughan, G.]  . Mesosphere-Stratosphere-Troposphere Radar Facility at Aberystwyth, [Internet]. Version 2, Cartesian products. British Atmospheric Data Centre (BADC), 1990- [cited 2006 Apr 25]. Available from http://badc.nerc.ac.uk/data/mst.

There are two main issues raised by this exercise.  The edition of the data is being defined by the author of the referencing paper rather than clearly defined by the data centre. The second problem is that the role of the data centre as publisher is not fully understood by either the data centre or authors.

3   Dataset definition
In our example we have noted that a broad subset, “version 2, Cartesian products”, can be arbitrarily chosen by the author of the referencing paper as the edition. It will be clear from the data set documentation what “version 2, Cartesian products” means, however, as files are added daily to the MSTRF data, this is still not an explicit description of the files that make up this edition or what they contain. 
The Climate Science Mark-up Language (CSML, [5]) is the proposed solution the problem of defining data set. CSML is a standards-based data model and Geography Mark-up Language (GML, ISO 19136) application schema for atmospheric and oceanographic data. It describes the data in terms of feature types and encapsulates the location of the data within files. It is this latter property which we propose to use to clearly mark the boundaries of datasets. 
Having established a mechanism to explicitly define datasets, the question remains as to where these boundaries should lie. To answer this question a number of active scientists were asked what they would like to reference as a dataset. Unsurprisingly this varied according to the type of data that they used. Common to all was a desire to define data in terms of the instrument, model or programme that collected the data. There is a need for datasets to be broad scale to avoid frequent references to data that is very similar. These are large scale aggregations of data files. The reason why such broad data sets are preferred is to avoid multiple references to data that is very clearly related. 
4   Peer review
The relation between the data and the data centre in the example above is much the same as the relation between a technical report and an institutional library. The data has been lodged at the data centre because NERC wishes to retain its data assets in the same way as an institutional library is charged with curation of technical reports. In both cases any quality control procedures are internal to the organisation, although the procedures use different criteria. 
For data to be recognised as an equal of journal articles then independent peer review needs to be performed. There are two mechanisms by which this could be achieved: a panel of scientists or experts convened by the data centre, or by using a traditional publishing organisation.
Review by panel convened by the data centre is the method used by the NASA Planetary Data System [6] reviews datasets. This is very much like the traditional publisher organising peer review of journal articles. The purpose of the review is to determine that:
·	The data are complete (e.g., no missing calibration files)
·	The data are suitable for archiving (i.e., of sufficient quality and with enough documentation to be useful and intelligible in the distant future)
·	The PDS standards have been followed 
If a similar approach were used at the BADC we would need to recognise that the organisation of such review committees is a substantial amount of work and that there would be a significant time delay before such procedures were acknowledged to produce datasets that were peers with journal articles.  
An alternative is for a traditional publishing organisation to review the data using existing peer review mechanics for paper publication. This second possibility has the advantage of associating the kudos of the publisher’s paper journals with the data publications. Many data centres and data providers could submit data to the “data journal” allowing a broader range of data to be included. For the BADC a suitable organisation might be the Royal Meteorological Society (RMS) which publishes a number of respected journals in Atmospheric Sciences and meteorology. An “RMS Data Publications” series would need to be constructed to contain these data. If this method was implemented then our example citation above becomes:

Natural Environment Research Council, Mesosphere-Stratosphere-Troposphere Radar Facility [Thomas, L.; Vaughan, G.]  . Mesosphere-Stratosphere-Troposphere Radar Facility at Aberystwyth, [Internet]. Version 2, Cartesian products. RMS Data Publications, 1990- [cited 2006 Apr 25]. Available from http://badc.nerc.ac.uk/data/mst. [doi:10233/23498234]

Note the change of publisher and the addition of the publisher’s identifier.
5   Conclusions
A formalised packaging of data needs to be put in place to clarify the boundaries of these multi-object datasets. These not only help authors to reference the data, but also the data creators to track the use of the data, and archive managers as data is stored, reviewed and collected.  
An external data review process needs to be put in place to elevate the status of data sets. Using an existing publisher to coordinate the reviews may accelerate the acceptance for data publication by authors.
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