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Ecological Synthesis 
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Climate and Ecosystems 

Understanding Ocean Health Marine Systems 

Threats and Population Declines 
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Climate Change 

Fisheries 
Sustainabiity 
Subsistence 

 
Science 

Governance 
Regulation 

Policy 

Reproducible Science 
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What data? 
What methods? 
What parameter 
settings? 
 
 
Can we trust 
these data and 
methods? 
 

Trust in Science 

Smith et al. (2009) Ecology doi:10.1890/08-1815.1  
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Reproducibility Crisis 

“Most research findings are false for 
most research designs and for most 

fields” 

Ioannidis, 2005!

“Most replication effects were 
smaller than original results” 

Open Science Collaboration, 2015!

doi:10.1126/science.aac4716  
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National Climate Assessment 
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“This report is the result of a 
three-year analytical effort by a 
team of over 300 experts, 
overseen by a broadly 
constituted Federal Advisory 
Committee of 60 members. It 
was developed from information 
and analyses gathered in over 70 
workshops and listening sessions 
held across the country.” 



Facilitate transparency by 
capturing and communicating 
scientific workflows 

 
Increase trust in science 
 

Computational Reproducibility 

Stand on the shoulders of giants 
(build on work that came before) 

 
 
Give credit for that secondary 
usage enabling easy attribution 
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Preserve the data  

Preserve the software workflow 

Document what you did 

Describe how to interpret it all 

Practical Reproducibility 
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5000+ 
Trained 
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Global  
Data Coverage 

800K  
Data Packages 

40 
Repositories 

25 
Webinars 

5000+ 
Trained 

10,000 
Users/Month 

143K 
Contributors 
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https://search.dataone.org!
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Origin, processing history of 
data 

•  Input data 
•  Workflow/scripts 
•  Output data 
•  Figures 
•  Understand methods, 

dataflow, and 
dependencies 

 

Computational Provenance 
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Provenance 

Origin and processing history of artifacts 
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Prose 

Formal 
Provenance 
Trace 

Fully 
Executable 
Environment 



Phase II Goal: Facilitate reproducible science 

•  Track data derivation history 
•  Track data inputs and outputs of analyses 

•  Track analysis and model executions 

•  Preserve and document software workflows 

•  Link all of these to publications 

Provenance in DataONE 

15 



Paragraph Title Goes Here 
Lorem ipsum dolor sit amet, consectetuer adipiscing elit, sed diam nonummy nibh 
euismod tincidunt ut laoreet dolore magna aliquam erat volutpat. Ut wisi enim ad 
minim veniam, quis nostrud. 

Subtitle Goes Here 

IMAGE 

ProvONE 
Extended PROV model for workflow 
provenance. 

Prov Index 
DataONE support for indexing, 
searching, and displaying 
provenance. 

R and Matlab 
Libraries in R, MATLAB, Java for 
generating and manipulating 
provenance records. 

Web Provenance 
Web-based user interface for 
displaying and editing provenance. 

16 



W3C PROV 

Modeling Provenance 
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Entity 

Activity 

Agent 

wasAssociatedWith 

wasAttributedTo 

used wasGeneratedBy 

See w3.org/TR/prov-o/ 



W3C PROV 

Modeling Provenance 
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Book 

Writing 

Author 

wasAssociatedWith 

wasAttributedTo 

wasGeneratedBy 

See w3.org/TR/prov-o/ #    



ProvONE – an extension of W3C PROV 

Provenance for Science Workflows 
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map 
image 

R script 

Scientist 

wasAssociatedWith 

wasAttributedTo 

See purl.dataone.org/provone-v1-dev 

wasGeneratedBy 



ProvONE – an extension of W3C PROV 

Provenance for Science Workflows 
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map 
image 

R script 

Scientist 

wasAssociatedWith 

wasAttributedTo 

CSV data 
used 

wasDerivedFrom 

See purl.dataone.org/provone-v1-dev 

wasGeneratedBy 



Data Package with Provenance 
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Data Package 1 

metadata science data


figures software 

cito:documents 

prov:used 

prov:generated 

prov: 
derived 
from 

science data

data granule 1 

(doi:10.5063/F1Z899CZ) 

OAI-ORE with  
ProvONE trace 



Mark Carls. 2017. Analysis of hydrocarbons following the Exxon Valdez 
oil spill, Gulf of Alaska, 1989 - 2014. Arctic Data Center. 

Hydrocarbon Data Example 
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Publishing Data Workflows 
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Data 1!

Data 2!

Data 3!

Data 4!

Data 5!Integration!
Script!

Download!
Script!

Mapping!
Script!

Image 1!

Image 2!

Dataset C! Dataset D!



Simplified view of complex workflows 

Hydrocarbon Data Example 
 

Complex Workflows 
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Provenance Display 

DataONE Search 
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Web Provenance Editor 

Deployed by Arctic Data Center 
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Provenance Editing 

Recordr R Library 

Matlab DataONE Toolbox MetacatUI 
Web Provenance Editor 

YesWorkflow Tool 
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1. Importance of data citation 
2. Credit and Attribution 
3. Evidence 
4. Unique Identification 
5. Access 
6. Persistence 
7. Specificity and Verifiability 
8. Interoperability and Flexibility 

Force11 Data Citation Principles 

34 Joint Declaration of Data Citation Principles, https://doi.org/10.25490/a97f-egyk!



When a user cites a pub, we know: 
 

•  Which data produced it 
•  What software produced it 
•  What was derived from it 
•  Who to credit down the attribution stack 

 
 
See: Katz & Smith. 2014. Implementing 

Transitive Credit with JSON-LD. arXiv:1407.51 

Transitive Credit 
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Citing multi-generational workflows 
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doi:!

Citation in paper!Transitive Credit!
Via!

Provenance!

Dataset A!

Dataset B!

Dataset C! Dataset D!
Dataset E!

Dataset F!



Evolution of the Living Paper 
 

37 

1st Gen Prose

2nd Gen Prose + Data

3rd Gen Prose + Data + Code

Scholarly Publications 

W H O L E T A L E  
Prose + Data + Code + Provenance + 
Execution Environment 

Prose + Data + Code + Provenance 
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1: Bio-physical State of Knowledge of Salmon Distribution & Habitat 
  Leads: Peter Westley and  Dan Rinella 

2: Sociocultural and Economic Dimensions of Salmon Systems 
  Leads: Courtney Carothers, Jessica Black, Tobias Schworer 

3: Governance and Subsistence 
  Leads: Steve Langdon, Taylor Brelsford, James Fall 

4: Consistency, Causes, and Consequences of Declining Size and Age of Alaskan Salmon 
  Leads: Eric P. Palkovacs, Peter Westley, Bert Lewis 

5: Well-Being and Alaska Salmon Systems 
  Leads: Rachel Donkersloot, Jessica C. Black, Courtney Carothers 

6: Interacting Effects of Ocean Climate and At-Sea Competition on Alaskan Salmon 
  Leads: Peter S. Rand, Robert W. Campbell, Kristen B. Gorman 

7: Using Participatory Modeling to Empower Community Engagement in Salmon Science 
  Leads: Michael L. Jones 

8: Kenai Lowlands Salmon Research Synthesis and Design Tools for Integrated Watershed 
Management 
  Leads: Coowe Walker, Mark Rains, Ryan King, Charles Simenstad, Dennis Whigham 

State of Alaska’s Salmon and People 

8 SASAP working groups 
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Regional integration 

40 map-illustration-by: Dr. Leslie Jones 

map-illustration-by: Dr. Leslie Jones 
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Rmarkdown as Provenance 
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KNB Salmon Data Portal 
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KNB Salmon Data Portal 
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Providing findable, accessible data with interoperable infrastructure 
enabling long term data reuse for synthesis 

Foundational Infrastructure 
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https://www.force11.org/fairprinciples 


