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Reflection of experiences from a US NSF funded data manager with special attention to ocean science research data lifecycle, interoperability, making connections between distributed repositories and forming strategic partnerships to achieve these essential goals.15 minute plenary talk (minimal Q&A; panel discussion following all presentations)Presented by Cynthia Chandler (BCO-DMO, WHOI, Woods Hole, MA, USA) at EMODnet Open Science ConferenceOostende, Belgium20 October 2015Conference conveners asked for the primary focus to be on current and future developments of marine data management in general (challenges/opportunities) and its implications for initiatives such as EMODnet.



Outline 
• Goals 
• Challenges 
• Opportunities 
• Strategies 
• Solutions 
• How do we make  

sustainable progress? 



Data Management 
• Has always been essential to the scientific 

research process 
• I have been managing field research data since I 

was 8 years old 
• Much has changed in my lifetime with respect to 

data management  
• Those changes represent  

challenges and opportunities 
for our community 
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Collecting wasps with brother Scott



CHANGING  RESEARCH  PARADIGM 

• It is no longer enough to collect data by 
yourself, publish the paper and move on to 
the next research question. 
 

• We see greater expectations from funding 
agencies, researchers, and the extended 
community for open data access and machine 
access. 

D. McGuinness, Fall AGU 2012, Community Science - The Next Frontier  
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Presentation Notes
These changes are also driving change in the way research data are managed.D. McGuinness (2012) Community Science-The next Frontier, Invited Abstract IN51C-1695 presented at 2012 Fall Meeting, AGU, San Francisco, California, 3-7 December 2012.



The Data Harvest 

• … a report 
published by  
Research Data 
Alliance –  
RDA Europe  

• (December 2014) 
 
 
 
 
https://europe.rd-alliance.org/ 
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Future Earth Strategic Research Agenda 2014 publishedhttp://www.futureearth.org/news/future-earth-strategic-research-agenda-2014-publishedStrategic Research Agenda 2014 http://www.futureearth.org/media/strategic-research-agenda-2014downloaded as: strategic_research_agenda_2014.pdf



The Data Revolution 

• “[ The data revolution ] isn’t just about the 
volume of scientific data; rather, it reflects a 
fundamental change in the way science is 
conducted, who does it, who pays for it and who 
benefits from it. And most importantly, the rising 
capacity to share all [these] data – electronically, 
efficiently, across borders and disciplines – 
magnifies the impact.” 

 
The Data Harvest: How sharing research data can yield 

knowledge, jobs and growth (RDA Europe, December 2014) 
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Source: https://europe.rd-alliance.org/documents/publications-reports/data-harvest-how-sharing-research-data-can-yield-knowledge-jobs-and



Eight Global Sustainability Challenges 

•     Delivering water, energy, and food for all. 
•     Decoupling carbon emissions from economic growth. 
•     Safeguarding land, freshwater and marine natural 

assets. 
•     Building healthy, resilient and productive cities. 
•     Promoting sustainable rural futures. 
•     Improving human health by incorporating global 

change concerns. 
•     Encouraging sustainable consumption and 

production patterns. 
•     Improving governance and early warning systems to 

respond to complex future threats. 
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The eight global sustainability challenges highlighted in the 2014 Data Harvest report.  Meeting these challenges requires access to marine data.Food, water, health, sustainable futureAccess to food and water for allMitigating the effects of climate changeWorking toward a sustainable futureAnd “Safeguarding land, freshwater and marine natural assets”



• Training to use new technologies 
• Access to data and metadata (documentation) 
• Access to near real-time data 
• Cross-disciplinary research requires access to: 
 Discipline-specific metadata including  

quality control and provenance information 
 Published in machine-interpretable way 
 On-demand data visualization and integration 

What do Researchers Need? 

Presenter
Presentation Notes
What changes in infrastructure and services will be required to support the new research paradigm?Tension between raw data and synthesized data products



Challenge ~ Connectivity  
• Goals & Strategies: 
 linking content curated at distributed repositories 
 improved interoperability (machine-to-machine) 

• Technical solutions: 
 metadata content standards 
 controlled vocabularies 
 Linked Data, Brokering 

• Not just technical 
 cultural conditions, behaviors 
 research data lifecycle 
 “proposal to preservation” 

 
 

 
 

Presenter
Presentation Notes
Recent efforts to develop and enhance research infrastructure reflect a desire to break down barriers, and connect data and information resources from distributed but related, complementary resources.  We’ve made a lot of progress in making data available and recognizing the importance of stewardship throughout the full research data lifecycle from “proposal to preservation”.Data management center staff members must be aware of all phases of the research data life cycle, and identify activities in each phase to ensure success.  Its important for everyone with a role in this process (marine researchers, laboratory and infrastrcuture staff) to be aware of the importance of the activities in each phase of the research data cycle.



Strategy/Solutions: Connectivity 

• Each ‘fact’ is explicitly declared and described by 
terms from (or linked to) community or global 
vocabularies 

• Each term is identified by a globally unique 
Persistent IDentifier (PID) 

• Each PID resolves to a semantic representation of 
that term, with relationships to other terms 

• Published as open, standards-compliant records 
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We are striving to achieve a goal wherein each fact …



Challenge #2 ~ Legacy Metadata 

• Human readable 
text metadata 
records from  
environmental, 
legacy data 
systems 

U.S. JGOFS 

Presenter
Presentation Notes
In 1990s we recorded metadata in human-readable, text files linked to additional information using the World Wide Web (http)



Strategy: Metadata for Smart Data 

• Use the Semantic Web to connect (or link) 
distributed data repositories  

• Formal ontology modeling 
• Create ontology design patterns 
• Use controlled vocabulary terms 
• Publish content as Linked Data 

 
C. Bizer, T. Heath and T. Berners-Lee. 2009. "Linked Data - The Story So Far", 
International Journal on Semantic Web and Information Systems, Vol. 5(3), 
Pages 1-22. dx.doi.org/10.4018/jswis.2009081901 
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C. Bizer, T. Heath and T. Berners-Lee, "Linked Data - The Story So Far", International Journal on Semantic Web and Information Systems, Vol. 5(3), Pages 1-22. dx.doi.org/10.4018/jswis.2009081901, 2009.ODPs to normalize content from distributed, complementary repositories



Solution: Metadata for Smart Data 
• Publish as ISO 19139, W3C DCAT,  

schema.org Dataset extension 
• Formal data publication with a DOI 
• RDF with semantic markup including PROV 

SHARED  STANDARDS 
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Standards-based metadata because we want to supportExchange of information and federation of distributed repositoriesEvolution of BCO-DMO, as presented by Chandler at AGU Fall meetings:2006: BCO-DMO created in Sep 2006; AGU GeoInformatics Town Hall2007: standards-based data management; importance of metadata2008: ocean informatics, controlled vocabularies & R2R2009: ontology development, conversion to drupal platform2010: ocean informatics, matching & mapping to community vocabularies,       automated data publication, automated submit to NODC 2011: drupal conversion, Linked Data2012: Linked Data and Web Services; support throughout the Data Life Cycle 2013: Semantics & Linked Data, Ontology Design Patterns2014: Semantics & Linked Data, Ontology Design Patterns



Big Challenges & Big Opportunities 

• Complex, large scale research questions 
• Infrastructure (people, machines, systems)  

must be updated to support new research 
requirements 

• Increased need for robust, discipline-specific,  
machine–actionable information (semantics) 

• Standards-compliant metadata 
• Documenting open-access data with PIDs (DOI) 
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Presentation Notes
Research topics of the early 21st century will require complex, large scale researchResearch will require updated infrastructureSupport for machine-to-machine interoperabilityAnd open-access data



Grand Challenge 

• How to keep up with rapidly changing needs and 
expectations of 
 Research community 
 Funding agencies 
 Educators 
 Policy makers 
 Other stakeholders  

• … given the usual limitations: 
    funds, time, skilled personnel 

• … and do it in a sustainable way? 
 



• Strategic partnerships to develop, share & adopt 
common strategies and solutions 
 
 Domain-specific 
 Cross-domain 

 
 Regional 
 International 

Grand Challenge ~ Solution 

Presenter
Presentation Notes
Should others choose to achieve those goals, following adopting similar or at least compatible strategies, then these are shared challenges, and so the work and solutions should also be shared.  And we get to celebrate success together as well!



Grand Challenge ~ Solutions 
COMMUNITIES OF PRACTICE 
• US NSF EarthCube   http://earthcube.org/ 
• ESIP  http://esipfed.org 
• Research Data Alliance   https://rd-alliance.org/ 
• EMODnet   http://www.emodnet.eu/ 
• ODIP  http://www.odip.org/ 
• IODE  http://iode.org/ 
• Future Earth   http://www.futureearth.info/ 
 
BENEFIT FROM LONG-TERM COMMITMENT FROM AND 
ACTIVE ENGAGEMENT OF PROGRAM MANAGERS 
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Presentation Notes
ESIP: Federation of Earth Science Information PartnersRDA: Research Data AllianceODIP: Ocean Data Interoperability PlatformIODE: International Oceanographic Data & Information Exchange of IOC/UNESCO (details in another – Vladimir’s? - presentation)
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“A scholar’s positive contribution is measured by the sum of the original data that he 
contributes. Hypotheses come and go but data remain.” 

from: Advice to a Young Investigator (Santiago Ramón y Cajal, 1897)  

Thank you 
photo by Chris Linder (WHOI) 
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Presentation Notes
background photo is by Chris Linder (WHOI)�The message: With time, the reason you are conducting work and collecting data may fade, but the data remain and are the enduring legacy of a research endeavor.Quote is from Advice to a Young Investigator (Santiago Ramón y Cajal, 1897; Nobel Prize laureate, 1906)from the English translation of the sixth edition by N. Swanson and L. W. Swanson“Let us emphasize again this obvious conclusion: a scholar’s positive contribution is measured by the sum of the original data that he contributes. Hypotheses come and go but data remain. Theories desert us, while data defend us. They are our true resources, our real estate, and our best pedigree. In the eternal shifting of things, only they will save us from the ravages of time and from the forgetfulness or injustice of men. To risk everything on the success of one idea is to forget that every fifteen or twenty years theories are replaced or revised. So many apparently conclusive theories in physics, chemistry, geology, and biology have collapsed in the last few decades! On the other hand, the well-established facts of anatomy and physiology and of chemistry and geology, and the laws and equations of astronomy and physics remain—immutable and defying criticism. “Give me a fact,” said Carlyle, “and I will prostrate myself before it.”In short, the beginner should devote maximal effort to discovering original facts by making precise observations, carrying out useful experiments, and providing accurate descriptions. He will use hypotheses as inspiration during the planning stage of an investigation, and for stimulating new fields of investigation. “
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• EarthCube 

http://earthcube.org/   
 
GOAL: to create integrated data management 
infrastructures across the US NSF geosciences by 
funding research efforts to complement, extend, 
enhance and connect existing infrastructure 
components. 

http://earthcube.org/
http://earthcube.org/
http://earthcube.org/
http://earthcube.org/


ESIP 

• Federation of  
Earth Science Information Partners 

• http://esipfed.org/ 
an open networked community that brings 
together science, data and information 
technology practitioners 

http://esipfed.org/


Research Data Alliance 

 
 
 

• https://rd-alliance.org/ 
• supported by the European Commission, the National 

Science Foundation and other U.S. agencies, and the 
Australian Government; constructing the social and 
technical bridges that enable open sharing of data 
across technologies and between disciplines and 
nations with the ultimate goal of addressing the grand 
challenges of society. 

https://rd-alliance.org/
https://rd-alliance.org/


http://www.odip.org/ 
Goal: contribute to the removal of barriers 
hindering the effective sharing of data across 
scientific domains and international boundaries. 
ODIP welcomes all the major organizations 
engaged in ocean data management in EU, US, 
and Australia and is supported by the IOC/IODE. 

http://www.odip.org/


• International Oceanographic Data & 
Information Exchange 

• http://www.iode.org/ 
• International community of domain-experts 
• A network of National Data Centers and 

Associate Data Units 
• Infrastructure already in place to support 

marine science research community 

IODE 

Presenter
Presentation Notes
IODE is structured to support effective national oceanographic management system and to facilitate information and data exchange … to support partnerships.IODE has identified the following key national outcomes that have a fundamental dependence on an effective national oceanographic management system and should be considered when developing the data management plan:http://www.iode.org/index.php?option=com_content&view=article&id=10&Itemid=100064Detecting and forecasting oceanic components of climate variability and change,Facilitating safe and efficient marine operations,Managing marine resources for sustainable use,Preserving and restoring healthy marine ecosystems,Mitigating natural hazards, andSupport for the marine research community.Ensuring national security,These align very well with the 2014 Data Harvest focus challenges

http://www.iode.org/
http://www.iode.org/


Belmont Forum 

• Belmont Forum:  http://www.bfe-inf.org/ 
• established in 2009, brings together 

environmental and geoscience funding 
agencies from 15 nations and seeks to build a 
coalition of national resources to advance 
global environmental change research. 

http://www.bfe-inf.org/


Future Earth 

• http://www.futureearth.info/ 
• funding coordinated through the Belmont 

Forum, will be the platform through which 
many global change research programs will be 
coordinated, and the broad research themes, 
including the Earth Sciences, will require 
advanced information architectures to enable 
trans-disciplinary data-information-knowledge 
transfer 

http://www.futureearth.info/
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