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Field Sciences

Sciences that require

Observations and Measurements

acquired in the natural world
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http://www.arm.ecs.soton.ac.ukhttp://www.abc.net.au/http://www.biodiversityscience.com/



Field Science: Big Data
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Field Data Acquisition: Samples
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M. McNutt, K. Lehnert, B. Hanson, B. A. Nosek, A. M. Ellison, J. L. 
King;  SCIENCE Policy Forum, 04 MAR 2016

“Despite many efforts, there remains widespread disagreement 
regarding data and sample availability and metadata, as well as 

uneven sample deposition across the field sciences.”
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“Nothing in the recent past has generated more 
correspondence than the matter of data reporting 
requirements, particularly the fact that we no longer 
permit the statement of “Data available by 
contacting the author.”



Paving the Road: Drivers
• Scientists’ need to access, analyze, and manage growing 

volumes of data and samples

• Large-scale, interdisciplinary Grand Challenges in the Earth 
sciences

• Data sharing requirements from funders and publishers
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Paving the Rocky Road: Examples

• Council of Data Facilities & EarthCube

• Coalition for Publishing Data in the Earth & Space Sciences

• IGSN e.V.
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Domain Data Repositories

• Deliver high-quality data services based on disciplinary 
expertise

• Combine social & technical programs to ensure utility of 
services (community engagement & governance)

• Align services with scientific priorities

• Develop & promote discipline-specific best practices & 
standards for data and software that aligns with research 
practices and workflows
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Growing the Value
of Data 0
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findable

identification,
persistence

accessible

protection,
protocols

context,
provenance

re-usable
harmonized, 
machine-readable

interoperable

Data Curation Standards Domain-specific Data Standards
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Interoperable Geochemical Data

13

4/26/2016

Data from 
• >13,000 publications
• >850,000 samples

Total: >19.6 million analytical values

EarthChem.org

Partner Databases:

• PetDB
• SedDB
• GEOROC (Germany)
• USGS
• MetPetDB
• GANSEKI (Japan)
• Geoscience Australia



Impact on Science

May 23, 
2017
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“Here we apply statistical sampling techniques to a geochemical 
database of about 70,000 samples from the continental igneous 
rock record to produce a comprehensive record of secular 
geochemical evolution throughout Earth history.” 

“Our analysis illustrates the 
opportunity presented by recent 
efforts to make large amounts of 
published geochemical data readily 
available and amenable to statistical 
analysis.”



Challenges for Data Repositories

• Data acquisition & quality assurance

• Compliance with repository standards (trustworthiness)

• Budgets

• keeping CI up-to-date in an environment of shrinking budgets

• supporting growing data volumes and complexity

• Technology

• evolving requirements and technology

• migration to cloud platforms (not clear on how to migrate and 
cost/benefit)

• balance new technologies/ideas with stability of the system

• Recruiting and Retention

• inability to compete with industry for salary of IT personnel
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Council of Data Facilities

• Advance collaboration & coordination among domain data 
facilities in the Earth & Space Sciences

• Identify and support the development and utilization of shared 
infrastructure services;

• Identify, endorse, and promote standards and best or exemplary 
practices 

• in the organization and operation of a data facility;

• for data sharing and interoperability, metadata, and related matters

• Foster innovation through collaborative projects;

• Provide a collective voice on behalf of the member data 
facilities
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EarthCube
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EarthCube

• Advances coordination, collaboration, and integration

• Community governance

• Integrative Activities

• Fosters new data communities

• Research Coordination Networks

• Develops and adapts new technologies to structure, 
transform, integrate, document, harmonize data & metadata
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EarthCube Architecture

• System of Systems

• Building on existing capabilities such as data facilities and NSF CI 
developments (e.g. DIBBS)

• Develop an architecture and missing components to create a 
comprehensive cyberinfrastructure for the Geosciences.

• Phased Architecture Implementation

• Priority Activity 1: Discovering and Accessing Geoscience 
Resources

• Services for resource registration, dissemination, discovery, & access 

• Priority Activity 2: Advancing Usability and Interoperability of 
Resources – Mediation

• Priority Activity 3: Combining Resources in Scientific Workflows 
to do Research
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EarthCube Registry

• Build upon the CDF Registry WG findings
• Use web architecture approaches to expose 

data center attributes and assets
• Embedded JSON-LD metadata at data repositories

• Extend Schema.org + re3data + GeoLink
vocabularies

• Ontology based on the re3data XML schema

• Data Types: Data Catalog, Data Set, Data 
Domain, Measurement Techniques, Variables 
Measured

• Working with multiple NSF GEO-funded data 
service entities such as BCO-DMO, IEDA, 
Unidata, IRIS, UNAVCO, R2R

• Convert JSON-LD to Graph Data Models (RDF) 
and Free Text Indexes (SOLR, Bleve)

• Enable harvesting of indexes by CINERGI, 
DataOne, Google, Bing
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http://www.copdess.org

“Connecting Earth Science 
publishers and Data Facilities 
to help translate the 
aspirations of open, 
available, and useful data 
from policy into practice.”



COPDESS Goals & Achievements

 Consistent policies across publishers/journals

 Increase development and enforcement of data best 
practices

 Reduce effort of metadata QC

 Increase flow of small data into repositories

 Statement of Commitment signed by >40 data facilities and 
major publishers

 Suggested Author Instructions and Best Practices for Journals

 Directory of Data Repositories (collaboration with COS & 
re3data)
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www.copdess.org



IGSN e.V.
Toward Open & FAIR Samples

• International organization that provides persistent, resolvable 
identifiers for samples & sampling features
• Advance discovery & access of samples for re-use and 

reproducibility

• Ensure credit for sample collectors & curators

• Link dispersed data for a single sample studied in different labs 
and over long periods of time with data published in multiple 
articles.

• Federation of sample registries (Allocating Agents) equivalent 
to DataCite

• Membership in 5 continents with varying maturity of 
implementation
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http://www.igsn.org



Summary Thoughts
• For impact on science OPEN is not sufficient - the value of data 

and samples grow by making them findable, accessible, re-
usable, and interoperable.

• Domain data facilities play an essential role by ensuring quality of 
data for trusted re-use & community engagement.

• Partnerships and collaborations among data facilities and 
stakeholders are essential to make protocols and policies more 
effective and the landscape manageable for all stakeholders.

• Collaborations are also necessary to optimize resources.

• The big challenge is sustainability.
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