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Abstract: 35 

Peer review holds a central place within the scientific communication system. Traditionally, 36 

research quality has been assessed by peer review of journal articles, conference proceedings, 37 

and books. There is strong support for the peer review process within the academic community, 38 

with scholars contributing peer reviews with little formal reward. Reviewing is seen as a 39 

contribution to the community as well as an opportunity to polish and refine understanding of the 40 

cutting edge of research. This paper discusses the applicability of the peer review process for 41 

assessing and ensuring the quality of datasets. Establishing the quality of datasets is a multi-42 

faceted task that encompasses many automated and manual processes. Adding research data into 43 

the publication and peer review queues will increase the stress on the scientific publishing 44 

system, but if done with forethought will also increase the trustworthiness and value of 45 

individual datasets, strengthen the findings based on cited datasets, and increase the transparency 46 

and traceability of data and publications.  47 

 48 

This paper discusses issues related to data peer review, in particular the peer review processes, 49 

needs, and challenges related to the following scenarios: 1) Data analyzed in traditional scientific 50 

articles, 2) Data articles published in traditional scientific journals, 3) Data submitted to open 51 

access data repositories, and 4) Datasets published via articles in data journals.  52 

 53 

Capsule Summary 54 

Devising methods for data peer review, if done with forethought, can increase the 55 

trustworthiness and value of individual datasets and strengthen research findings.   56 
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1. INTRODUCTION 57 

 58 

Peer review holds a central place within the scientific communication system. Almost all forms 59 

of scientific work are subject to peer review, including journal articles, research grant proposals, 60 

and, in many research domains, conference papers and abstracts. Challenges to the peer review 61 

process are often seen as challenges to the integrity of science itself. In a vivid recent example, 62 

U.S. Representative Lamar Smith initiated congressional actions in the spring of 2013 that 63 

questioned the U.S. National Science Foundation’s (NSF) peer review process. In response, over 64 

100 research and professional organizations signed a position statement defending NSF and the 65 

role of peer review in proposal assessments (http://www.aibs.org/position-66 

statements/20130520_nsf_peer_review.html). While scholars of scientific communication have 67 

identified many potential biases that might affect the quality and neutrality of peer reviews (see 68 

Weller 2001 and Lee et al. 2013 for reviews of this literature), peer review is still recognized 69 

within most research institutions as the best method for evaluating the merits of scientific work.  70 

 71 

A growing challenge to peer review is the increasing importance of digital datasets and 72 

computational research methods within scientific research. The increased emphases by funding 73 

agencies and research organizations are pushing scientific communities toward new approaches 74 

for data sharing, management, and preservation (Overpeck et al. 2011). Methods for assessing 75 

and ensuring data quality are also taking on new importance, to engender trust in data and to 76 

enable secondary data use. Considerable challenges remain in incorporating data and methods 77 

into the peer review process. What Borgman noted in 2007 is still true today: “[T]he peer review 78 

of publications has few analogs for data. Questions loom about how data should be legitimized in 79 

http://www.aibs.org/position-statements/20130520_nsf_peer_review.html
http://www.aibs.org/position-statements/20130520_nsf_peer_review.html
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the value chain [of scholarship] and at what point in their lifecycle that review should occur” (pg. 80 

131). LeMone and Jorgensen (2010), in their discussion of peer review within American 81 

Meteorological Society (AMS) journals, describe how datasets are often too big, too difficult to 82 

understand, poorly documented, or simply not accessible to would-be peer reviewers. Part of the 83 

challenge is that the notion of “data peer review” is itself vague and subject to different 84 

interpretations. The goal of this paper is to break down the idea of “data peer review,” and 85 

illustrate how data peer review might be conceptualized and realized in different situations.  86 

 87 

2. PREPARDE 88 

 89 

This paper draws from the Peer REview for Publication & Accreditation of Research Data in the 90 

Earth sciences (PREPARDE) project. PREPARDE was funded by Jisc, a non-profit organization 91 

in the U.K. that studies and promotes the use of digital technologies in education and research. 92 

PREPARDE investigated the processes and procedures required to publish scientific datasets, 93 

ranging from ingestion into a data repository, through formal publication in a data journal, 94 

producing guidelines applicable to a wide range of scientific disciplines and data publication 95 

types. These guidelines are also informing the procedures and policies for authors, reviewers, 96 

and editors of articles being published by the Geoscience Data Journal, discussed more below 97 

(Callaghan et al. 2013). 98 

 99 

PREPARDE project partners included organizations from both inside and outside the 100 

geosciences: from the U.K., the University of Leicester, the British Atmospheric Data Centre, 101 

Wiley-Blackwell, the Digital Curation Centre, and Faculty of 1000, and, from the U.S., the 102 
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California Digital Library and the National Center for Atmospheric Research (NCAR). 103 

PREPARDE hosted town hall and splinter meetings at the 2012 annual meeting of the American 104 

Geophysical Union (AGU) and the 2013 annual meeting of the European Geophysical Union, as 105 

well as stand-alone workshops. The PREPARDE project also created a data publication mailing 106 

list (https://www.jiscmail.ac.uk/DATA-PUBLICATION) in February of 2013, which has since 107 

gained over 350 subscribers, and has been an active site for discussion. 108 

 109 

3. Background: Data Publication and Citation 110 

 111 

Interest in data peer review is tied to the development of new forms of data publication and 112 

citation. Data publication and citation initiatives are ongoing in multiple sectors, including within 113 

the atmospheric sciences. The AMS, for example, recently adopted a policy statement on “Full 114 

and Open Access to Data” that included a recommendation to develop a process for publishing 115 

and citing data referenced in AMS journals and publications (AMS 2013). The AMS Board on 116 

Data Stewardship
1
, which led the writing of that statement, is actively investigating 117 

recommendations for the society to consider. Our approach follows AMS’ statement in 118 

discussing data publication as aligned with the principles and ethics of open science. Increased 119 

openness and availability of data benefits the broader scientific enterprise and increases the 120 

transparency and trustworthiness of scientific results.  121 

 122 

Data “publication” can mean multiple things. Lawrence et al. (2011) distinguish between (capital 123 

“P”) data Publication and (small “p”) data publication. In their view, data Publication is the 124 

                                                           
1
 Mayernik is currently a member of the AMS Board on Data Stewardship and Worley is a past 

Board member and co-author of the AMS Full and Open Access to Data policy statement. 

https://www.jiscmail.ac.uk/DATA-PUBLICATION
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practice of making data “as permanently available as possible on the Internet” (pg. 7), as well as 125 

putting data through processes that add value to the user, such as metadata creation and peer 126 

review. Data publication (small “p”), on the other hand, is simply the act of putting data on a 127 

web site without a defined long-term commitment to digital archiving. Data Publication 128 

promotes the archiving of datasets as long-term resources that are stable, complete, permanent, 129 

and of good quality (Callaghan et al. 2012). If these criteria are met, datasets can be promoted as 130 

citable scholarly resources (Parsons et al. 2010, Mayernik 2013). As Parsons and Fox (2013) 131 

note, however, datasets challenge the “publication” concept. Many datasets are highly dynamic, 132 

regularly growing, or are duplicated, split, combined, corrected, reprocessed, or otherwise altered 133 

during use. The boundaries around a single dataset are variable across projects and organizations, 134 

leading to inevitable questions about the granularity at which data publications or citations 135 

should be designated. The inherent flexibility of the internet, where resources can be posted, 136 

changed, and removed easily, ensures that these problems will be ongoing. Current 137 

recommendations on data publication and citation recommend taking combinations of technical 138 

and policy approaches, as neither work in isolation (see CODATA-ICSTI 2013, FORCE11 Data 139 

Citation Synthesis Group 2013).  140 

 141 

Questions about data peer review naturally emerge when working towards data publication and 142 

citation. How do you know that a data publication is a valuable contribution? Does a data 143 

citation count toward hiring, promotion, and tenure decisions (which are traditionally based on 144 

assessing peer reviewed research)? The rest of this paper focuses on this data peer review issue. 145 

 146 

4. Data Peer Review 147 
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 148 

Data peer review is not yet a well defined-process. Peer review can increase trust in scientific 149 

data and results, and enable datasets to be evaluated and certified for quality. Data assessment 150 

processes and software, however, are often very specific to data types, experimental designs, and 151 

systems. In addition, scientists, data managers, and software engineers all have different 152 

expertise applicable to data peer review. Few reviewers would be qualified to review all aspects 153 

of a dataset. Many journals have policies stipulating that data should be available upon request, 154 

but in practice this can be difficult to enforce. Reviewers, while being as thorough as possible, 155 

must trust that authors are making good-faith attempts to be honest and complete in their 156 

descriptions of their data, data quality, and work processes (LeMone and Jorgensen 2010).  157 

 158 

An additional impediment to data peer review is the fear from some would-be reviewers that data 159 

peer review would be extremely time-intensive (Pampel et al. 2012). Peer review pipelines are 160 

already facing an exploding number of journal article submissions and grant applications (Miller 161 

and Couzin 2007). A recent survey by Golden and Schultz (2011) of reviewers for the 162 

publication Monthly Weather Review found that reviewers already review an average of eight 163 

journal articles per year, spending on average 9.6 hours per review. No comparable study has 164 

been done specifically looking at the time and effort required to perform data peer review, 165 

though anecdotal evidence suggests that in some cases the this effort might be considerably less 166 

than 9.6 hours (Callaghan 2013).  167 

 168 

To address the scalability of data peer review as data volumes continue to increase, some 169 

academic communities are investigating how data peer review might be best conceptualized as a 170 
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post-publication process driven by data users (Kriegeskorte et al. 2012). Problems with data are 171 

often discovered after they are available for external use, regardless of the level of quality control 172 

in place up front (Hunter 2012). In the same sense that research publications receive post-173 

publication review via subsequent papers that attempt to replicate or verify particular findings, 174 

the true value of a dataset is often not established until post-publication, after wide distribution 175 

occurs and a sufficient time period passes. Generally, over time the applicability of the dataset 176 

becomes more refined, as it is recognized to be appropriate for particular types of study but 177 

misleading if used in other types of study (see for example http://climatedataguide.org, Schneider 178 

et al. 2013). What is abundantly clear is that with rapidly expanding data collections in all sectors 179 

of the sciences, adding data to the peer review system must be done deliberately and with 180 

forethought. The following section provides some guidelines informed by the PREPARDE 181 

project. 182 

 183 

5. Data Peer Review Practices and Guidelines 184 

 185 

The meaning of “data peer review” and the processes used (if at all) will vary by the kind of 186 

publication or resource being reviewed. The following sections outline considerations for data 187 

peer review within four scenarios: 1) data analyzed in traditional scientific articles, 2) data 188 

articles published in traditional scientific journals, 3) data submitted to open access data 189 

repositories, and 4) datasets published via articles in data journals. These scenarios draw from an 190 

analysis by Lawrence et al. (2011), and represent common ways that datasets are presented, 191 

published, and archived in the geosciences. They constitute an ecosystem of venues for enabling 192 

data to be more widely discovered and used. No single category solves all of the problems 193 

http://climatedataguide.org/
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related to digital data access and preservation. Instead, they should be thought of as 194 

complementary approaches, with data creators being able to leverage different options in 195 

different situations.  196 

 197 

5.1 Data analyzed in traditional scientific articles 198 

 199 

Most articles published in geoscience journals present analyses based on empirical data, often 200 

presented as charts, tables, and figures. For most journals, the review process only examines the 201 

data as they are presented in the articles, focusing on how such data influence the conclusions. 202 

For example, the reviewer guidelines for AMS journals, including the Bulletin of the AMS 203 

(BAMS), do not discuss review of the underlying data (AMS 2014a,b). The AMS is not unique in 204 

this regard. Similarly, the AGU points reviewers to a recently published article in their EOS, 205 

Transactions, publication, titled “A Quick Guide to Writing a Solid Peer Review” (Nicholas and 206 

Gordon 2011), which mentions data only in passing, simply noting that the data presented should 207 

fit within the logical flow of the paper and support the conclusions therein.  208 

 209 

How should data peer review be approached for traditional scientific articles? Reviewing every 210 

dataset that underlies scientific articles is not a viable solution, and the merit and conclusions for 211 

many articles can be assessed without requiring a data peer review. With this in mind, journals 212 

need to aim for a solution that balances community accepted standards for validating scientific 213 

methods and authors and reviewers workloads. The first step is to improve author and reviewer 214 

guidelines so they reflect the science domain expectations for data transparency and 215 

accessibility. Through these guidelines, authors should be able to anticipate their community’s 216 
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expectations. If the data is foundational to the merits of the published findings, it should be 217 

expected that the reviewers, editors, and fellow scientists will request access to the data. This 218 

access serves as an ongoing data peer review and supports additional scientific findings.  219 

 220 

5.2 Data articles published in traditional scientific journals 221 

 222 

In geoscience journals, it is common for articles to be published that announce the development 223 

of a new dataset, or the release of a new version of an existing dataset. In fact, a search in the 224 

Web of Science citation index in June of 2013 showed that eleven of the twenty highest cited 225 

articles ever published in BAMS can be categorized as data papers, in that their main focus was 226 

presenting a new or updated dataset to the BAMS community (see Appendix I for the list of 227 

papers). Usually these data papers provide a blend of descriptive characteristics about the data, 228 

scientific validation of the data quality, and comparison to other similar datasets. The peer 229 

review of such data papers follows the guidelines provided by the journal for all other papers, 230 

which, as discussed above, often do not have specific data review guidelines. 231 

 232 

When thinking about peer review for data papers published in traditional journals, the key 233 

element is persistence and longevity of the resource. Journals, in partnership with libraries, have 234 

established processes for ensuring the persistence and longevity of their publications. The 235 

expectation is the same for data presented in data papers. Thus, it is critical that the data and all 236 

of the relevant documentation are placed in a secure data repository with access methods suitable 237 

for the target community. In addition, the link between the paper and the data should be robust, 238 

as the paper provides an excellent (though not complete) source of documentation for the data. 239 
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The use of persistent web identifiers, such as Digital Object Identifiers (DOIs), to identify and 240 

locate both data and articles increases the likelihood that those links are still actionable in the 241 

future. 242 

 243 

As an example, the Research Data Archive at NCAR (RDA, http://rda.ucar.edu) strives to build 244 

strong connections between data papers in traditional journals and archived datasets. Data papers 245 

establish the dataset’s scientific credibility, and DOI referencing for the dataset enables these two 246 

research assets to be tightly coupled (e.g. the publication Large and Yeager 2009 describes the 247 

dataset Yeager and Large 2008; see also the publication Wang and Zeng 2013 and the dataset 248 

Wang and Zeng 2014). This linking of scholarly publications and datasets is growing rapidly in 249 

popularity. As metadata exchanges between journal publishers and data archives improve, along 250 

with increased dataset citation within publications, bibliographies of articles associated with 251 

datasets can be systematically complied. This is a form of community data peer review.  252 

 253 

5.3 Data submitted to open access data repositories 254 

 255 

In the geosciences, data repositories range from national data centers to project archives 256 

maintained by individual research organizations. In general, the kinds of data review that data 257 

repositories perform can be considered to be technical review, as opposed to scientific peer 258 

review. It should be noted, however, that data repositories are highly varied in their scopes, 259 

missions, and target communities. Depending on their purpose, some repositories may perform 260 

very minimal review of the datasets they archive, instead relying on the data providers to 261 

perform any review prior to data deposit.  262 

 263 

http://rda.ucar.edu/
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 The following discussion considers repositories that do perform data review. Such repositories 264 

typically perform a multi-step technical review, participate in data quality assurance (QA) and 265 

data quality control (QC), and collaborate with the data providers and the scientific community. 266 

The major QA technical steps performed often include: 267 

 Validating the completeness of the digital assets (data files and documentation).  268 

 Evaluating the integrity of the data. The NCAR Research Data Archive, for example, has 269 

software that does accounting on data file content, examining every file to assure no 270 

corruption has occurred during production and transfer. This also ensures that the files 271 

contain exactly the data that are expected.  272 

 Assessing the integrity of the documentation. The documentation can be textual or 273 

internal to the data files in the form of descriptive attributes. Metadata must be confirmed 274 

to be correct via automated processing or by visual inspection. 275 

The information collected during the QA processes is often used to build informative and varied 276 

access services, for example leveraging dataset metadata to enable effective repository searching 277 

and browsing.  278 

 279 

Other QC processes, when performed, add supplementary information to data collections. This 280 

might include inserting quality flags, checking data values for consistency and known 281 

relationships (such as range checks based on physical limits), and validating or converting 282 

measurement units. Many of these processes require domain-specific analysis software and 283 

expertise to interpret the results.  284 

 285 
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Dedicated U.S. national repositories, like the National Oceanic and Atmospheric Administration 286 

(NOAA) National Climatic Data Center (NCDC), have controlled procedures to manage the data 287 

deposits, and carry out technical data reviews (see http://www.ncdc.noaa.gov/customer-288 

support/archiving-your-data-ncdc). This includes collecting authors’ names and institutions, 289 

descriptions of the measured values, their relationship to other datasets and other versions of the 290 

same dataset, temporal and spatial coverage, file formats and access location for a data sample, 291 

data volumes, planned data transfer mechanisms, assessments of user community size, and other 292 

metadata. In general, the NASA Distributed Active Archive Centers (DAACs) have similar 293 

procedures whereby sufficient information is collected and a substantial technical data review is 294 

performed before the data are accepted. As another example, the Coupled Model 295 

Intercomparison Project Phase 5 (CMIP5) has a multi-step quality control process in place to 296 

ensure that the data contained within its archive conform to metadata requirements, are 297 

consistent in structure, and will be accessible and usable over time (see 298 

https://redmine.dkrz.de/collaboration/projects/cmip5-qc/wiki). 299 

 300 

It is also common practice for repositories to provide mechanisms for feedback loops between 301 

users, the archive, and data providers, because QA and QC work are often stimulated by user 302 

questions. On these occasions, repository personnel must validate the suspicious user finding and 303 

collaborate with the data provider to understand the issue and determine a solution. At a 304 

minimum, the existence of suspicious data needs to be well documented, along with any dataset 305 

changes or new versions. Critically, however, repositories almost always maintain the original 306 

data, to be able to produce the original resource by necessity or upon request. 307 

 308 

https://redmine.dkrz.de/collaboration/projects/cmip5-qc/wiki


Page 14 of 32 
 

In addition to providing data, repositories have considerable expertise that can be leveraged to 309 

develop data management plans. Evaluating and testing preliminary data output for compliance 310 

to standards and requirements allow for early discovery of problems, and ultimately higher 311 

quality data. These choices determine how well the data can be ingested, documented, preserved, 312 

and served to the broader scientific community. Preparatory work before data collection reduces 313 

subsequent QA and QC problems, and simplifies the task of any data peer reviewer or data user 314 

down the line. Data providers and repository personnel should more aggressively perform pre-315 

project collaborations; this has a minor impact on resources, yet enables significant efficiencies 316 

and benefits downstream. 317 

 318 

5.3 Datasets published via articles in data journals 319 

 320 

Data journals, a fairly recent development in scientific publishing, primarily (or exclusively) 321 

publish data articles, that is, articles that describe research datasets and are cross-linked to 322 

datasets that have been deposited in approved data centres, A data paper describes a dataset, 323 

giving details of its collection, processing, software, and file formats, without the requirement of 324 

analyses or conclusions based on the data. It allows the reader to understand the when, how, and 325 

why a dataset was collected, what the data products are, and how to access the data. Data papers 326 

are a step towards providing quality documentation for a dataset, and begin the feedback loop 327 

between data creators and data users. Like any paper, data papers might contain errors, mistakes, 328 

or omissions, and might need to be revised or re-written based on the recommendations of peer 329 

reviewers.  330 

 331 
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Three data journals are discussed here as examples: Earth System Science Data, Geoscience 332 

Data Journal, and Scientific Data. Earth System Science Data (ESSD), published by Copernicus 333 

Publications, has published data articles since 2009 (http://www.earth-system-science-data.net/). 334 

As of March 2014, over 80 articles have been published in ESSD since its inception. ESSD 335 

articles are first made open for public comments as “discussion papers,” and are subsequently 336 

published in “final” form after completing the peer review and revision processes. The 337 

Geoscience Data Journal (GDJ), published by Wiley (http://www.geosciencedata.com), began 338 

accepting submissions in late 2012, and, as of March 2014, has published eight articles. GDJ 339 

differs from ESSD in that the data articles in GDJ do not go through a discussion paper phase 340 

before peer review or publication, and GDJ data papers may be published about datasets that are 341 

not openly available to everyone. The Nature Publishing Group is also developing a data journal, 342 

called Scientific Data, to be launched in May 2014 (http://www.nature.com/scientificdata/). 343 

Unlike ESSD or GDJ, Scientific Data has a broad disciplinary focus, initially focused on the life, 344 

biomedical, and environmental sciences. Notably, Scientific Data is calling its publications “data 345 

descriptors,” not data papers or articles. The key difference between Scientific Data and ESSD or 346 

GDJ is that each “data descriptor” will include a structured metadata component in both human 347 

and machine-readable form, in addition to the narrative component of the publication. 348 

 349 

These three data journals have considerable overlap in their guidelines for peer reviewers. These 350 

guidelines are summarized in Appendix II. All three emphasize that reviewers assess the 351 

completeness of the dataset, the level of detail of the description, and the usefulness of the data. 352 

Usefulness is a difficult criterion to apply in practice, since predicting how data might be used in 353 

the future is very difficult for data creators or would-be reviewers. Thus, “usefulness” is typically 354 

http://www.earth-system-science-data.net/
http://www.geosciencedata.com/
http://www.nature.com/scientificdata/


Page 16 of 32 
 

discussed in relation to how the data paper can enable both intended and unintended uses of the 355 

data, as well as replication or reproduction of the data. Reviewers are also best positioned to 356 

provide feedback on whether data papers are written at the appropriate dataset granularity, as 357 

they understand community expectations for how data should be presented and are likely to be 358 

used. Data papers about a single weather station, for example, are likely to have little utility for 359 

the broader community, unless a particular station was notable for historical or event-specific 360 

reasons. Reviewers, as members of the relevant scientific community, should conduct this 361 

assessment. 362 

 363 

In addition, all three journals emphasize that the review assess the openness and accessibility of 364 

the data. Each journal partners with external data repositories who host the data described in the 365 

data papers; none host the data themselves. The journals provide lists of suggested or approved 366 

repositories, along with lists of repository requirements. The details of these requirements are 367 

generally consistent. Repositories must: a) assign persistent identifiers to the datasets, b) provide 368 

open public access to the data (including allowing reviewers pre-publication access if required), 369 

and c) follow established methods and standards for ensuring long-term preservation and access 370 

to data. The partnerships with established and approved data repositories provide an extra level 371 

of quality assurance for the data and data paper. 372 

 373 

6. Discussion – Overarching Considerations 374 

 375 
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All four of these publication types add to the body of knowledge that grows and surrounds 376 

research data. While they represent different venues for publishing data, they have some 377 

commonalities and differences with regard to data peer review and quality assurance of data.  378 

 379 

6.1 Commonalities between data publication types 380 

 381 

The first commonality is the need for data accessibility. Datasets cannot be reviewed if they are 382 

not available to the reviewers. Most data repositories provide open access to data submitted to 383 

them, and data journals address this issue by explicitly requiring that data are archived and 384 

available via a data center or repository. Few traditional journals in the geosciences, however, 385 

have instituted such data deposition requirements for a variety of reasons, which challenges 386 

organized data peer review. The second commonality is that authors are responsible for 387 

providing enough information for the dataset to be reviewed. Traditional journal articles provide 388 

an excellent source of data documentation and analysis, but space considerations limit the 389 

amount of detail that authors can provide. Data repositories rely on data providers to provide 390 

sufficient metadata for the dataset to be archived, preserved, and used properly. Data journals use 391 

the data paper as a primary source of data documentation, and leverage the additional metadata 392 

provided by the repository hosting the data. The third commonality is that data peer reviewers 393 

need clear guidelines for how to perform a data review, and for what characteristics of a dataset 394 

should be examined. Data peer review is a new enough topic that few broad-scale guidelines 395 

have been issued. The guidelines produced by data journals, shown in Appendix II, are currently 396 

the most detailed.  397 

 398 
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6.2 Differences between particular data publication types 399 

 400 

The most straightforward distinction in data review processes is between the journal-based data 401 

publications and data repositories. Data review within a data repository primarily concentrates on 402 

technical aspects of the dataset, in order to ensure that the dataset can be managed and curated 403 

properly. Successful completion of a data review within a data repository also provides an initial 404 

indication of whether the dataset can is understandable by someone other than the dataset 405 

creator. However, the value of the dataset to the scientific community needs to be judged by that 406 

community.  407 

 408 

The next notable difference is that unlike data journals, most traditional journals currently do not 409 

ask peer reviewers to review in depth the data underlying the scientific findings. Data articles 410 

published in traditional journals normally do a careful scientific assessment of the data quality as 411 

compared to other similar datasets or known environmental conditions. This comparative and 412 

validation work is based on science and supports data quality, defines how the data should be 413 

used, and identifies uncertainties in the data products being presented. In announcing their 414 

dataset to the community, authors also typically include pointers to where the data can be 415 

acquired. Data articles in traditional journals are excellent knowledge anchor points for datasets. 416 

Reviewers are expected to assure the archived information meets the needs and expectations of 417 

the target community. 418 

 419 

6.3 Considerations of tools and processes for peer-review  420 

 421 
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A number of tools and processes might help in establishing data peer review practices. In 422 

general, the first step of the data review process is to validate the existence, access procedures, 423 

and completeness of the associated metadata. It is naïve to assume that the initial dataset 424 

publication at a repository is always 100% perfect. Some data reviewers may prefer to download 425 

all or a representative portion of a dataset and use their own tools to examine the content and 426 

check the integrity. This is becoming less necessary, and in fact challenging for large (terabyte-427 

sized) collections, because data repository portals are increasingly providing users in-line tools, 428 

such as quick-look viewers for the data, allowing plotting and overplotting of particular datasets. 429 

Standard sets of statistical tools to assess particular data types also enable reviewers to easily 430 

perform common analyses, such as trend analysis for time-series and spatial variability analysis 431 

for geospatial datasets. Reviewers might also benefit from the ability to sub-set the data to 432 

explore particular data components. 433 

 434 

To simplify the process of linking articles with underlying data, journals might partner with data 435 

repositories to enable researchers to submit data to a repository alongside their submission of an 436 

article to a journal. This approach has proven successful in the ecology and evolutionary biology 437 

community, where the Dryad data repository (http://datadryad.org/) partners with 50+ journals to 438 

provide an integrated pipeline for archiving data associated with journal articles.  439 

 440 

Another approach might be for journals or data repositories to use a rating system to indicate that 441 

particular quality control or peer review processes have taken place. Costello et al. (2013) 442 

present an approach for such a rating system, with ratings ranging from one star, indicating that 443 

data have been submitted with basic descriptive metadata, to five stars, which might indicate that 444 

http://datadryad.org/
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automated and human quality control processes have been conducted, along with independent 445 

peer review, and an associated data paper has been published. This also supports ongoing efforts 446 

to link datasets and scholarly publications; as a dataset is cited more and more often the 447 

community is validating its relevance and quality and thus the rating and value increases. 448 

 449 

6.4 Recommendations for AMS 450 

 451 

Scientific professional societies have important leadership roles in advancing scientific practice 452 

and educating their communities. The AMS, for example, arguably crosses more institutional 453 

boundaries in the atmospheric and meteorological sciences than any other organization in the 454 

U.S., spanning the commercial, academic, and government sectors. The AMS’ “Full and Open 455 

Access to Data” statement is an important leadership step in encouraging and enabling open 456 

access to data and increased scientific integrity. The following recommendations present a 457 

number of ways in which the AMS can take additional steps along this path, provide the 458 

maximum benefits for the scientific community, with the least increase in cost and effort 459 

required to publish a paper or conduct peer review for AMS journals. 460 

 461 

1. Add data peer review recommendations to author guidelines. At minimum, authors 462 

should be referred to and understand the principles outlines in the AMS “Full and Open 463 

Access to Data” statement. Author guidelines should also discuss how datasets should be 464 

cited and linked, in order to enable data access and transparency, for example 465 

recommending that papers include a verifiable data citation that provides an access 466 
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pathway to the data and metadata, or a statement of the fact why the data cannot be made 467 

available, e.g. for ethical, legal, or privacy reasons. 468 

2. Add data peer review recommendations to peer review guidelines. These guidelines can 469 

build on the efforts of data journals, shown in Appendix II. Not all papers will need data 470 

peer review, but reviewers should have a clear set of steps to follow in determining 471 

whether data peer review is necessary, and in how to conduct such a review. 472 

3. Encourage data creators and data repository personnel to engage earlier in developing 473 

partnerships and sharing expertise. Data creators can, with a small amount of planning, 474 

prepare collections that use standard formats and have adequate metadata, smoothing the 475 

process for ingestion into repositories. AMS can facilitate these connections by providing 476 

a list of recommended data repositories, including both discipline-specific and discipline-477 

agnostic data repositories. AGU has developed a data repository list that provides a good 478 

starting point for AMS’ consideration (see http://publications.agu.org/files/2014/01/Data-479 

Repositories.pdf).  480 

4. AMS should formally endorse other efforts within the scientific community to encourage 481 

data citation, specifically the Earth Science Information Partners (ESIP) Federation’s 482 

guidelines (http://commons.esipfed.org/node/308) and the international principles on data 483 

citation (CODATA-ICSTI 2013, FORCE11 Data Citation Synthesis Group 2013). 484 

 485 

Transition to tightly coupled data and scholarly work in AMS publications will take time. 486 

However, now is a reasonable time to set a schedule for an improved publication process 487 

supported by new AMS guideline documents, increased engagement with data repositories, and 488 

the development of educational materials and tutorial sessions at meetings. 489 

http://publications.agu.org/files/2014/01/Data-Repositories.pdf
http://publications.agu.org/files/2014/01/Data-Repositories.pdf
http://commons.esipfed.org/node/308
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 490 

7 Conclusion  491 

 492 

Data peer review is not a monolithic concept. Different methods of presenting, publishing, and 493 

archiving data will require differing approaches to reviewing data. The four publication scenarios 494 

discussed in this paper illustrate how data peer review currently differs between traditional 495 

methods of presenting data in scientific articles, data papers written specifically for data journals, 496 

and data archived within open access data repositories. Most journals do not provide reviewer 497 

recommendations or requirements related to the data, even though data papers are commonly 498 

published in geoscience journals, and are often highly cited. Data repositories perform technical 499 

review of datasets as part of the process of data archiving, preservation, and service 500 

development. Data journals, which publish primarily data papers, have the most well-specified 501 

data peer review processes, and partner with data repositories for data access and archiving.  502 

 503 

Looking ahead at the development of data peer review, three major issues need to be addressed. 504 

First, the accessibility of data underlying scientific articles is still highly variable. Data journals 505 

are able to develop thorough data peer review procedures because they partner with data 506 

repositories to ensure that data will be available to reviewers and users alike. Scientific journals, 507 

on the other hand, have highly variable policies on data archiving, and have many competing 508 

interests to balance when creating such policies, only one of which is data accessibility. 509 

Nevertheless, there would be an overall benefit to scientific integrity and progress if journal 510 

articles were peer reviewed with criteria focused on accurate data citation and accessibility. 511 

Second, data peer review requires different expertise than peer review of traditional articles. 512 
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Scientific expertise is only one consideration for data peer review. Knowledge of data structures 513 

and metadata standards need to be applied when evaluating datasets. Expertise in the data 514 

collection method and instrumentation is also relevant. In short, the pool of data peer reviewers 515 

should have a wider disciplinary distribution than the pool for typical scientific articles. The last 516 

major issue to be addressed is the pre- vs. post-publication review question. As data volumes 517 

continue to grow at exponential scales, pre-publication peer review may need to be applied more 518 

selectively to data than to articles. Post-publication review in the form of comments, metrics of 519 

downstream data use, and data revision may prove to be more scalable in terms of people, time, 520 

and resources. Post-publication review might also leverage automated processes. For example, if 521 

data citations using DOIs became standard in all journal publications, indexing systems could 522 

collect lists of journal articles that cite a particular dataset. Links to those articles could also be 523 

automatically added to the dataset reference list maintained by the data repository. This would tie 524 

the understanding and impact gained from the dataset to the dataset itself. As the many data 525 

publication initiatives evolve, the most effective recommendations and practices will emerge. 526 
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TABLE 1 – Most cited BAMS articles. Data from Web of Science, gathered June 11, 2013. 646 

 647 

Article Data paper? Citations Article details 

1 Yes 10,113 Kalnay, et al. The NCEP/NCAR 40-year reanalysis project, 

1996. 

2 No 3,201 Torrence & Compo. A practical guide to wavelet analysis, 

1998.  

3 No 2,367 Mantua, et al. A Pacific interdecadal climate oscillation 

with impacts on salmon production, 1997.  

4 Yes 1,987 Kistler, et al. The NCEP-NCAR 50-year reanalysis: 

Monthly means CD-ROM and documentation, 2001.  

5 Yes 1,791 Xie & Arkin. Global precipitation: A 17-year monthly 

analysis based on gauge observations, satellite estimates, 

and numerical model outputs, 1997.  

6 Yes 1,448 Kanamitsu, et al. NCEP-DOE AMIP-II reanalysis (R-2), 

2002.  

7 No 1,014 Baldocchi, et al. FLUXNET: A new tool to study the 

temporal and spatial variability of ecosystem-scale carbon 

dioxide, water vapor, and energy flux densities, 2001.  

8 Yes 902 Rossow & Schiffer. Advances in understanding clouds 

from ISCCP, 1999.  

9 Yes 900 Rossow & Schiffer. ISCCP cloud data products, 1991.  

10 No 877 Hess, Koepke, & Schult. Optical properties of aerosols and 

clouds: The software package OPAC, 1998.  

11 No 815 Willmott. Some comments on the evaluation of model 

performance, 1982. 

12 No 815 Trenberth. The definition of El Nino, 1997.  

13 Yes 785 Woodruff, et al. A comprehensive ocean-atmosphere data 

set, 1987.  

14 Yes 776 Meehl, et al. The WCRP CMIP3 multimodel dataset - A 

new era in climate change research, 2007.  

15 Yes 742 Liebmann & Smith. Description of a complete 

(interpolated) outgoing longwave radiation dataset, 1996.  

16 Yes 734 Huffman, et al. The Global Precipitation Climatology 

Project (GPCP) Combined Precipitation Dataset, 1997. 

17 No 697 Trenberth. Recent observed interdecadal climate changes in 

the northern-hemisphere, 1990. 

18 No 672 Gates. AMIP - The Atmospheric Model Intercomparison 

Project, 1992.  

19 No 656 Stephens, et al. The Cloudsat mission and the A-Train - A 

new dimension of space-based observations of clouds and 

precipitation, 2002.  

20 Yes 647 Mesinger, et al. North American regional reanalysis, 2006.  
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TABLE 2 – Data journal peer review guidelines. (Note: these are drawn from the associated web 648 

sites. Some edits have been made for presentation.) 649 
 650 

Earth System Science Data Geoscience Data Journal Scientific data 

http://www.earth-system-

science-

data.net/review/ms_evaluati

on_criteria.html  

http://onlinelibrary.wiley.com/jou

rnal/10.1002/%28ISSN%292049-

6060/homepage/guidelines_for_re

viewers.htm  

http://www.nature.com/scie

ntificdata/guide-to-referees/  

I. Read the manuscript:  

1. Are the data and methods 

presented new?  

2. Is there any potential of 

the data being useful in the 

future?  

3. Are methods and 

materials described in 

sufficient detail?  

4. Are any 

references/citations to other 

datasets or articles missing 

or inappropriate? 

 

II. Check the data quality:  

5. Is the dataset accessible 

via the given identifier?  

6. Is the dataset complete?  

7. Are error estimates and 

sources of errors given (and 

discussed in the article)?  

8. Is the accuracy, 

calibration, processing etc. 

state of the art?  

9. Are common standards 

used for comparison? 

 

III. Consider article and 

dataset:  

10. Are there any 

inconsistencies within these, 

implausible assertions or 

data or noticeable problems 

which would suggest the 

data are in error (or worse).  

11. If possible, apply tests 

(e.g. statistics).  

12. Unusual formats or other 

I. Data description document 

1. Is the method used to create the 

data of a high scientific standard? 

2. Is enough information provided 

(in metadata also) to enable the 

data to be re-used or the 

experiment to be repeated? 

3. Does the document provide a 

comprehensive description of all 

the data that is there? 

4. Does the data make an 

important and unique contribution 

to the geosciences? 

5. What range of applications to 

geosciences does it have? 

6. Are all contributors and 

existing work acknowledged? 

7. Does the Data Paper contain 

sufficient citation information of 

the dataset, e.g. dataset DOI, 

name of data centre etc.  

 

II. Metadata 

8. Does the metadata establish the 

ownership of the data fairly? 

9. Is enough information provided 

(in data description document 

also) to enable the data to be re-

used or the experiment to be 

repeated? 

10. Are the data present as 

described, and accessible from a 

registered repository using the 

software provided? 

 

III. The data themselves 

11. Are the data easily readable, 

E.g. do they use standard or 

I. Experimental Rigor and 

Technical Data Quality 

1. Were the data produced 

in a rigorous and 

methodologically sound 

manner? 

2. Was the technical quality 

of the data supported 

convincingly with technical 

validation experiments and 

statistical analyses of data 

quality or error, as needed? 

3. Are the depth, coverage, 

size, and/or completeness of 

these data sufficient for the 

types of applications or 

research questions outlined 

by the authors? 

 

II. Completeness of the 

Description 

4. Are the methods and any 

data processing steps 

described in sufficient detail 

to allow others to reproduce 

these steps? 

5. Did the authors provide 

all of the information 

needed for others to reuse 

this dataset, or integrate it 

with other data? 

6. Is this Data Descriptor, in 

combination with any 

repository metadata, 

consistent with relevant 

minimum information or 

reporting standards? 

 

http://www.earth-system-science-data.net/review/ms_evaluation_criteria.html
http://www.earth-system-science-data.net/review/ms_evaluation_criteria.html
http://www.earth-system-science-data.net/review/ms_evaluation_criteria.html
http://www.earth-system-science-data.net/review/ms_evaluation_criteria.html
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%292049-6060/homepage/guidelines_for_reviewers.htm
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%292049-6060/homepage/guidelines_for_reviewers.htm
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%292049-6060/homepage/guidelines_for_reviewers.htm
http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%292049-6060/homepage/guidelines_for_reviewers.htm
http://www.nature.com/scientificdata/guide-to-referees/
http://www.nature.com/scientificdata/guide-to-referees/
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circumstances which 

impede such tests as are 

usual in your discipline may 

raise suspicion. 

 

IV. Check the presentation 

quality:  

13. Is the dataset usable in 

its current format and size?  

14. Is the formal metadata 

appropriate?  

 

Finally: 

By reading the article and 

downloading the dataset 

would you be able to 

understand and (re-)use the 

dataset in the future? 

community formats? 

12. Are the data of high quality 

e.g. are error limits and quality 

statements adequate to assess 

fitness for purpose, is spatial or 

temporal coverage good enough 

to make the data useable? 

13. Are the data values physically 

possible and plausible? 

14. Are there missing data that 

might compromise its usefulness? 

III. Integrity of the Data 

Files and Repository 

Record 

7. Have you confirmed that 

the data files deposited by 

the authors are complete and 

match the descriptions in the 

Data Descriptor? 

8. Have these data files been 

deposited in the most 

appropriate available data 

repository? 

 651 
 652 
 653 


