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Goal
• Provide a robust CI for Findable, 

Accessible, Interoperable, and 
Reusable (FAIR) data from the CZ 
network Thematic Clusters

Challenges
• CZ research and data are diverse
• Existing repositories have good 

functionality but not coordinated
• No single repository meets all 

needs
• Not always clear which repository 

to use

Solution
• Distributed architecture that links 

existing data facilities and services 
(e.g., HydroShare, EarthChem, 
SESAR, OpenTopography, etc.) via 
a central hub with services for 
easy data submission, integrated 
data discovery and access, and 
computational resources

New Submission Portal 
promoting repository 
selection, metadata, 
templates, and formats

Using existing Earth 
science data 
repositories via 
automated submission

Making products 
Findable, Accessible, 
Interoperable, and 
Reusable (FAIR)

Diverse data and 
research 
products from 
CZ scientists
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Our Team
• Kerstin Lehnert: Lamont Doherty Earth Observatory, 

Columbia University
• Jeff Horsburgh: Civil and Environmental Engineering and Utah 

Water Research Laboratory, Utah State University
• Chris Calloway: Renaissance Computing Institute, University 

of North Carolina Chapel Hill
• David Tarboton: Civil and Environmental Engineering and 

Utah Water Research Laboratory, Utah State University
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Critical-Zone Collaborative Network

• NSF program to “establish an adaptive and responsive research 
network that supports investigations of the Earth’s Critical Zone”
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Objective of the CZ Hub CI

Provide a robust cyberinfrastructure for Findable, 
Accessible, Interoperable, and Reusable (FAIR) 
data from the Critical Zone Collaborative Network 
Thematic Cluster Projects

Wilkinson, M. D. et al. (2016). The FAIR Guiding Principles for scientific data management and stewardship. 
Scientific Data, 3:160018, https://doi.org/10.1038/sdata.2016.18. 
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https://doi.org/10.1038/sdata.2016.18


Our Approach
• Link existing data facilities and services, including:
• HydroShare
• EarthChem
• System for Earth Sample Registration (SESAR)
• OpenTopography
• Other repositories, as needed

• Develop a central CZ Hub that provides 
• Services for easy data submission
• Integrated data discovery and access
• Computational resources for data analysis and visualization in support of CZ 

synthesis efforts
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Our Approach
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Critical Zone Collaborative 
Network (CZCN)
• Thematic Cluster activities built around a 

scientific theme (not a site)
• Thematic cluster data activities
• Data management plans are flexible and appropriate 

for each theme
• Routine and event data collection
• Data aggregation
• Data QA/QC
• Metadata creation

Cluster 
Data

Manager

Thematic Cluster 1

Cluster 
Data

Manager

Thematic Cluster 2

Cluster 
Data

Manager

Thematic Cluster n

. . .

We aim for early engagement that:
• Learns from NSF’s 12-year CZO program
• Builds a CZ Data Management Community 
• Builds and implements best practices for 

consistency 7



Data Submission Portal

• New, web-based development 
to support network
• Data curation support
• Getting data to the right 

repository

Data Submission
• Metadata templates
• Data format standards
• Controlled vocabularies
• Data upload templates
• Sample registration
• Unique Identifier Management

Empower Cluster data 
managers to curate data 
products within appropriate 
repositories
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Repositories for Data and 
Research Products
• No single repository will work for all CZ 

Data
• Operate and partner with existing 

repositories 
• Promote the use of FAIR principles
• Permanent data archival and publication
• Access control for embargoed data
• Open access for public datasets
• Citable data
• Leverage existing NSF investment in CI

• User support specialists as Hub-level data 
managers Other Repositories 

. . .

• Samples
• Geochemistry, mineralogy, XRD, etc. 

• Time Series
• Geospatial
• NetCDF
• Models
• Generic

• LIDAR
• High resolution topography
• Elevation products
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HydroShare Data and Model Repository
• Operated by CUAHSI as a 

community resource
• Manage data (and other 

products) throughout the 
research life cycle
• Sharing and formal 

publication with citable 
digital object identifiers 
(DOIs)
• Much of the legacy CZO 

data has been moved to 
HydroShare

http://www.hydroshare.org
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EarthChem
SESAR
• Preservation, discovery, access, and 

advanced mining of geochemical, 
petrological, geochronological, & 
mineralogical data and samples
• EarthChem Library (ECL) recommended by 

publishers as trusted data repository
• DOI assignment; long-term archiving; links to 

publications, funding awards, & samples
• Already hosts geochemical data from CZOs 

• EarthChem Synthesis: extract & integrate 
data across thousands of datasets

• SESAR: Manage & share sample metadata; 
register samples with IGSN 

• Best Practices for geochemical & sample 
data (e.g. OneGeochemistry)

www.earthchem.org
www.geosamples.org

ECL: Dataset Landing Page

ECL: Dataset links to samples

SESAR: Sample Profile Page
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Catalog Services

• Cross-repository view of CZ data and 
research products
• Discovery based on authors, 

geographic area, time, cluster 
• Schema.org metadata
• Communities and Groups in 

HydroShare

A coordinated view and data discovery 
service(s) for all the data produced within the 
collaborative network to ensure that data are 
Findable and Accessible.

HydroShare datasets discoverable via 
Google Dataset Search
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Catalog Services

• Cross-repository view of CZ data and 
research products
• Discovery based on authors, 

geographic area, time, cluster 
• Schema.org metadata
• Communities and Groups in 

HydroShare

A coordinated view and data discovery 
service(s) for all the data produced within the 
collaborative network to ensure that data are 
Findable and Accessible.

CZO “Community” in HydroShare with 
individual “Groups” for each observatory
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Computational 
Resources
• Repository linkages

• Jupyter Notebook support

• Computation and modeling
• Synthesis studies

• Reproducible analyses – sharing data, results, and 
the executable code used to generate/recreate 
them

• Enhanced trust in research through transparency, 
replicability and reproducibility

HydroShare is a web based 
gateway to computing
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Resources for Samples

• SESAR: Best practices & tools for FAIR 
samples
• Personal or institutional workspaces for 

sample management
• Metadata submission via template 

upload, web form, or web services
• IGSN minting
• Sample landing pages

• IGSN: Persistent, globally unique 
identifier for samples
• Web architecture for sample discovery & 

access
• International samples community
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Credit: Joan Damerow et al. (2021): “Sample Identifiers and Metadata to 
Support Data Management and Reuse in Multidisciplinary Ecosystem 
Sciences”  Data Science Journal, 20(1). DOI: http://doi.org/10.5334/dsj-2021-011

www.igsn.org
www.geosamples.org

http://www.igsn.org/
http://www.geosamples.org/


Expectations: The Role of the Clusters

• Share cluster data.
• Ensure compatibility of data & sample collection and management with 

Network-wide protocols.
• Follow best practices for data citation to give credit to your colleagues.

• Collaborate with the Hub
• Share Data Management Plans
• Contribute to establishing the network-wide protocols, e.g. share protocols and use 

cases, review proposed protocols as they evolve.
• Provide ongoing feedback about functionality, usability, and utility  👍"
• Align Cluster’s data & samples acquisition and data management workflows with 

agreed upon Best Practices & Standards.
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Contact Information
•CZHub CI contacts:
• Jeff Horsburgh – jeff.Horsburgh@usu.edu
• Kerstin Lehnert – lehnert@ldeo.columbia.edu
• Chris Calloway – cbc@renci.org
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