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What is ESS-DIVE?
Environmental Systems Science Data 
Infrastructure for a Virtual Ecosystem: 

Data Repository to preserve, 
expand access to, and improve 
the usability of diverse Earth 
and Environmental Science 
(ESS) datasets.

Use of ESS-DIVE is a requirement for 
ESS project data management plans

751 public 
datasets

https://data.ess-dive.lbl.gov

https://data.ess-dive.lbl.gov


ESS-DIVE Focus 

Community Adoption

Goal: Apply automation 
techniques to ESS-DIVE 
processes to minimize human 
effort (human-in-the-loop). 

Goal: Expand the range of 
ESS projects engaged and 
archiving with ESS-DIVE

Goal: Make data widely 
findable and usable

Goal: Grow the repository 
capacity and resilience as 
demand grows 

Data/Metadata Standards

Scaling

Automation



ESS-DIVE Data Lifecycle

Upload Publish Preserve Discover

ESS-DIVE’s publication 
life cycle allows users to 

iteratively curate, 
package, and update their 

data and metadata.

Data Preservation 
Principles

● Durable identifiers
● Quality metadata
● Change 

management rigor
● Redundancy 
● Data auditing and 

reporting
REST API {}

Web Portal



Search and Access

https://search.dataone.org/

https://data.ess-dive.lbl.gov

Google Dataset 
Search (via JSON-LD)

● ESS-DIVE data is automatically replicated to 
DataONE Federation

● Metadata/Data searchable via DataONE nodes
● We publish JSON-LD Metadata which pushes to 

Google Dataset Search



● Enable project-centric data portals
● Project-specific data search
● Internal sharing within project teams

to promote collaboration
● Administration of users and curation

of data packages
● Bulk data upload using API
● Project data citations and metrics
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Evolving Project Data Management Tools



Package Level 
Metadata/JSON-LD

Sample 
IDs/Metadata

Package Metadata 
Quality

Damerow (LBNL)Damerow (LBNL)Agarwal, 
Hendrix (LBNL)

File-Level/
csv Metadata 

Velliquette, Heinz, 
Devarakonda (ORNL)

Soil Respiration

Water/Soil 
Chemistry

Boye (SLAC)

Hydrologic 
Monitoring

Goldman (PNNL)

Amplicon 
Sequencing

Weisenhorn (ANL)

Leaf Physiology

Rogers, Ely (BNL)Bond-Lamberty, 
Pennington (PNNL)

ESS-DIVE formats and guidelines for submitting 
data developed in partnership with the community
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Model Data 
Archiving

Simmonds (LBNL)

Community Space on GitHub: 
https://github.com/ess-dive-community

Crystal-Ornelas, R. et al. 2022. Enabling FAIR data in 
Earth and environmental science with community-centric 
(meta)data reporting formats. Nature Scientific Data.
https://doi.org/10.1038/s41597-022-01606-w

https://github.com/ess-dive-community
https://doi.org/10.1038/s41597-022-01606-w


Supporting Growth In Data
Increasing need to support large 
files and datasets from Models, 
LIDAR, Sensor Networks etc. 

● Globus Data Transfer
● API Access
● Secondary direct access storage 

with hierarchical large datasets 
(Metadata in ESS-DIVE)
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Globus interface for large 
scale managed transfers



API and External Integration

9

API for Data 
Upload/ 

Download

External Repositories 

University 
Repository

ESS-DIVE metadata enable links to related external data 

Project Data 
Archive



Interoperability with other BER Systems
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● Cross linking data across repositories eg. NMDC 
links back to ESS-DIVE

● Sample data interoperability working group -
develop standards and common identifiers to 
connect sample data across systems

○ ESS-DIVE, NMDC, KBase, EMSL, JGI 
● Collaborating to establish common data 

submission pipelines
○ Submit data to one system -> automatically extract and 

push to partner repository



Persistent Identifiers for Tracking Data
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1. Link and expand
access pathways

2. Exchange 
relevant metadata 
across platforms

3. Sample tracking, 
Data Reuse

4. Goal: enable
integrated search

Persistent Identifiers
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Mikayla Borton

Kelly Wrighton

Supporting data integration & access

U.S. DOE. 2019. Open Watershed Science by Design: Leveraging Distributed Research Networks to Understand 
Watershed Systems Workshop Report, DOE/SC-0200, U.S. Department of Energy Office of Science.



Initiative (Project)
https://www.pnnl.gov/projects/WHONDRS
US Department of Energy River Corridor Science Focus Area, 
Worldwide Hydrobiogeochemical Observation Network for 
Dynamic River Systems (WHONDRS)

Sampling Site
http://igsn.org/IEWDR00OQ 
Site Name: S19S_0009

GROW-WHONDRS

Source Sample Record
http://igsn.org/IEWDR0133
Sample Name: S19S_0009_Sediment-D
Sampled Feature Type: stream
Material: Sediment

Link (EMSL) - Metabolomics Data
Description: FTICR, Metabolomics

Link (KBase) - Samples Narrative
https://kbase.us/n/109073/41/

Link (ESS-DIVE) - Dataset
https://doi.org/doi:10.15485/1729719
WHONDRS Summer 2019 Sampling Campaign: 
Global River Corridor Sediment FTICR-MS, 
Dissolved Organic Carbon, Aerobic Respiration, 
Elemental Composition, and Grain Size.

Sample Collection

Link (NMDC) - Project 
https://data.microbiomedata.org/details/st
udy/gold:Gs0114663

Subsample (JGI/GOLD) Metagenome
https://gold.jgi.doe.gov/project?id=Gp0503504

Link (NCBI) BioSample
https://www.ncbi.nlm.nih.gov/biosample/SAMN1767595
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Link - Journal Publication
https://doi.org/10.1128/mSystems.00151-18
WHONDRS: a Community Resource for Studying 
Dynamic River Corridors

Link (EMSL) - Project 
https://www.emsl.pnnl.gov/project/48473

https://www.pnnl.gov/projects/WHONDRS
http://igsn.org/IEWDR00OQ
http://igsn.org/IEWDR0133
https://kbase.us/n/109073/41/
https://doi.org/doi:10.15485/1729719
https://data.microbiomedata.org/details/study/gold:Gs0114663
https://data.microbiomedata.org/details/study/gold:Gs0114663
https://data.microbiomedata.org/details/study/gold:Gs0114663
https://gold.jgi.doe.gov/project?id=Gp0503504
https://www.ncbi.nlm.nih.gov/biosample/SAMN17675959
https://www.ncbi.nlm.nih.gov/biosample/SAMN17675959
https://doi.org/10.1128/mSystems.00151-18
https://www.emsl.pnnl.gov/project/48473


ESGF ESS-DIVE Integration 

SUBMIT

SUBMIT

DATA

DATA DATA

DATA
STORAGE

STORAGE
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Cross-walk to map ESGF 
metadata to ESS-DIVE EML 
standard

Metadata submitted and 
searchable in both systems

Use ESS-DIVE external dataset 
linking to link out to data in 
ESGF

Prototype work - index and link to datasets in ESGF from ESS-DIVE (Mario Melara, Sasha Ames 2020)

Making ESGF Metadata searchable in ESS-DIVE



A way to make any standardized data
searchable.

● Support established standards 
starting with ESS-DIVE file-level 
metadata reporting format

● Introspect data files and extract 
information that can be searchable

● Integrated search for scientific data 
and its metadata.
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Ongoing Development: Fusion Database
Fusion 

Database
Data Package 

Archive

Integrated 
Search

nc
CS
V

Integrated 
Search Analytics & Viz



Sources: Hubbard et al., 2017, Vadose Zone Journal & https://basin3d.readthedocs.io

BASIN-3D: A framework for powering real-time data integration 

BASIN-3D can be used within data infrastructures or by individual researchers using python-compatible tools 
like Jupyter notebooks.

BASIN-3D design is a plugin model to obtain data from any public or private network-connected source. 
It contains a generalized data model and the machinery to manage the data acquisition plugins. 

BASIN-3D development informed data transformation and synthesis concepts for the ESS-DIVE Fusion DB.

BASIN-3D can be 
a component of a 

data management 
system.

BASIN-3D provides a common query mechanism to 
access multiple disparate data sources. Results are 

transformed into a common data model.



Future Work on Data Integration and Compute
● Community Jupyterhub platform for 

users to directly operate on ESS-
DIVE data.

● Automation of data publication 
pipeline across repositories. 

○ eg. data on ESS-DIVE -> metadata 
for NMDC 

● Related Identifiers to Support 
Linking Datasets and Citations

● Automated Data Quality Checking
● Dedicated Storage platform for 

synthesis/analysis (Ceph)
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Connect With Our Team!

https://ess-dive.lbl.gov
ess-dive-support@lbl.gov

To stay updated:
ess-dive-community@lbl.gov
@essdive

Acknowledgements
Advisory Groups: ESS-DIVE Archive Partnership Board, ESS Cyberinfrastructure Working Groups
ESS-DIVE is supported by the U.S. DOE - Office of Biological and Environmental Research, EESSD Data 
Management Program

https://ess-dive.lbl.gov
https://ess-dive.lbl.gov
mailto:ess-dive-support@lbl.gov
mailto:ess-dive-community@lbl.gov

