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ESS-DIVE is the DOE ESS system for long-term 
data preservation

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


ESS-DIVE Roadmap 
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Accessibility

Established 
working 
repository to store, 
preserve ESS data 

Developed 
partnerships with 
ESS community  

Phase 1: 
2017-2020

Findability

Expanded users 
and storage to 
support ESS projects

Built community  
standards to enable 
data discovery

Phase 2: 
2020-2024

Reusability

Capabilities for data 
reuse, integration
with BER systems

Making it easier to 
contribute 
well-curated data

Phase 3: 
2025-2027

Interoperability

Accelerate 
knowledge 
discovery, 
predictions, AI/ML 
through use of 
ESS-DIVE and other 
data

2027 and Beyond 



Bridging the gap between data contributors and users
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Exciting Phase III capabilities will make it easier 
to contribute, find and reuse data

Tools & services 
for standards 
adoption

Data Contributors Data Users

Towards 
AI-ready data

Large Language 
Models for 
data discovery 
and curation

Tools to 
integrate BER 
& other data 

Most icons made by Freepik from www.flaticon.com

Storage & 
support for 
large data

Fusion 
Database to 
find data 
within files
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Workspaces 
to access 
data without 
download

https://www.flaticon.com/authors/freepik
http://www.flaticon.com


Long-term Vision: ESS Data Infrastructure for a 
Virtual Ecosystem (DIVE)
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Accelerate knowledge 

generation, predictions, 

AI/ML through 

easy data management, 

integration and use of 

ESS-DIVE and other data
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Improving Data Management, Reuse



Streamlining Publication Process 
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Tracking Dataset Status
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All Available Statuses

In Review

Published

Drafting

Dataset StatusDOI Status

No DOI 
Added

Reserved

Non 
ESS-DIVE DOI

Active



Upgrade to DOE OSTI Services

● ESS-DIVE manages DOIs through DOE’s Office of Science 
and Technical Information 

● OSTI cannot issue or manage DOIs during a major upgrade 
from ELINK 1.0 to ELINK 2.0 from May 23rd - June 1st

● ESS-DIVE has worked closely with OSTI to:

○ Beta test ELINK 2.0; 

○ Provide feedback on functionality; 

○ Enable ESS-DIVE publication system to switch between v1 and v2.

● ESS-DIVE cannot publish data or reserve DOIs during the 
upgrade. All other services will be available.

10



New Tool to Download Project Publications
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New Jupyter Notebook tool to obtain information about project publications

● Dataset titles & DOIs

● No. of private and public datasets

● Year of publication

● View and download metrics



ESS-DIVE Data Reporting Formats Adoption
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Figure source: 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 

UAV/Drone 
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- Adoption of reporting formats is resource intensive
- Improvements and tools needed

https://doi.org/10.1038/s41597-022-01606-w


Advancing Reporting Formats and Tools
ESS-DIVE Partner Projects
2019 - 2022: Develop 12 Reporting Formats
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Hydrological Formats 
Revision
Goldman & Forbes (PNNL)

Data Curation 
Support
Ely (LBNL)

Sensor Format & Tools
Pennington & 
Bond-Lamberty (PNNL)

2024:  Help with Data, New and Improved RFs, Tools

Model Data and Tools
Coon & Li (ORNL, PNNL)



Reporting Formats enables Deeper Search
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Fusion 
Database

Dataset 
Archive

json

CSV

CSV Metadata 

File-level 
Metadata 

Current Future

?

Deep Search with the Deep Dive API

ch4

req
ue

st response

data user

(41.376264, -82.50797)

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



Dataset metadata

File-level metadata

Reducing Time for Publications in Reviews

Automated machine readability checks with Fusion Database Processing Pipeline



Future: Automating Reviews using LLMs
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Original title: Integrated Hourly Meteorological Database of 20 Meteorological Stations (1981-2022) for Watershed Function 
SFA Hydrological Modeling

Model: openai/gpt-4o
Response: The 'name' field in the provided JSON is: "Integrated Hourly Meteorological Database of 20 Meteorological 
Stations (1981-2022) for Watershed Function SFA Hydrological Modeling".

Let's check it against the rules:
1. **Succinctness**: The title is 15 words long, which is within the 7 to 20 words range.
2. **Unexplained Acronyms**: The acronym "SFA" is not explained in the title.
3. **Key Information**: The title includes the type of data (Integrated Hourly Meteorological Database), the number of stations 
(20), the date range (1981-2022), and the purpose (Hydrological Modeling). However, it does not specify the location.

Suggested edit to improve the title:
"Integrated Hourly Meteorological Database (1981-2022) for 20 Stations in East River Watershed for Hydrological Modeling"
This revised title is 18 words long, explains the location, and avoids unexplained acronyms.
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Data Integration



Unifying Access Layer Components
BERtron - Global Search supported by common APIs - find and reuse data

Data Transfer Service - maintain provenance, propagate credit

Sample metadata, 
standardized data 

products

(meta)genomics, 
-transcriptomics, 

metadata

Biogeochemical 
measurements, 

sensor data

Proteomics, 
metabolomics, 

imaging

Bio-Eco Data Integration: 5 BER Resources Collaborating 
to Prototype a Unified Data Access Layer



BERtron map to find ESS-DIVE data co-located 
with biological data 

… and many more projects 
with bio-eco data

Hanford reach, 
Columbia River

BERtron

https://ber-data.github.io/bertron/ma
p/index.html 

* w/ LLMs @ 1000 Jam

https://ber-data.github.io/bertron/map/index.html
https://ber-data.github.io/bertron/map/index.html


Upcoming: Automated Metadata Exchange 
with NMDC and ARM 

21ESS-DIVE Datasets
* w/ LLMs @ 1000 Jam



Future Work: Connecting BER Samples and Data Using 
Related Identifiers
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ESS-DIVE Sample Data 
Portal: 29 datasets
10 linked across BER

Damerow et al. (In Review, preprint) Nature Scientific Data

https://data.ess-dive.lbl.gov/portals/ess-samples
https://data.ess-dive.lbl.gov/portals/ess-samples
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Timeseries synthesized output formats: pandas dataframe, hdf5
Integrates with Python-based tools, e.g. Jupyter Notebooks

https://basin3d.readthedocs.io

BASIN-3D: An environmental data integration tool

Time Series Data Integration:

USGS NWIS Daily & Instantaneous Values
EPA Water Quality eXchange (WQX)
ESS-DIVE Hydrologic Monitoring 
Reporting Format



Planned improvements by Jan 2026

10 / 12

AmeriFlux FLUXNET 
data product with gap-filled, 
QA/QC’d data for 196 sites across 
the Americas (subset of figure)
- C, H2O, energy fluxes
- Meteorological data
- NPP, RECO

Related new features
● Authenticate users for data source
● Centrally handle data provided in files
● Customize missing value support
● Query by bounding box (lat / long)
● Prototype spatial data formats
● Citations added to metadata

ARM met data product 
co-located ESS sites/data  

(e.g. SAIL at East River 
Watershed, Colorado, 
Ameriflux/ARM sites)

DayMet Daily Climate Data 
1 km x 1km gridded data  
- Min, Max Temperature
- Precipitation, Snow Water Equivalent
- Water Vapor Pressure
- Radiation, Day length

Watershed 
Workflow

New Time Series Data Sources Extension to Spatial Data
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ESS-DIVE Partner Projects



2024 ESS-DIVE Partner Projects to Support 
Data Standardization and Curation

Amy Goldman
PNNL

Stephanie Pennington
PNNL

Brieanne Forbes
PNNL

Ben Bond-Lamberty
PNNL

Harmonization and Usability of Hydrologic Monitoring and 
Soil, Sediment, and Water Chemistry Reporting Formats

A Workflow and Reporting Format for Processing Environmental Sensor 
Data and Automated Generation of ESS-DIVE Compliant Metadata; 

Revision of Soil Respiration Reporting Format

Kim Ely
LBNL

ESS-DIVE Data Curation Support

Improving Advanced Terrestrial Simulator (ATS) 
Model Data Managing and Archiving Standards

Ethan Coon
ORNL

Zhi Li
PNNL
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ESS-DIVE Data Curation Support

Kim Ely, LBNL
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Supporting data contributors

Response to requests for data curation help

Data contributors lacking data management resources 

Guidance on data best practices and reporting formats

Online meetings and email follow up, with individuals or teams 

Why?              
Who?
What?
HOW?
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What I bring to the ESS-DIVE data curator role

Expertise across the full data life cycle

n = > 100
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What I bring to the ESS-DIVE data curator role

Expertise across the full data life cycle

Delivered two domain specific reporting formats
Unoccupied Aerial Systems (UAS) Leaf-level gas exchange

n = > 100
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Guidance across all phases of data preparation

Assemble data Apply reporting formats Submit to 
ESS-DIVE

High level RF

Domain specific RF

File level metadata

Dataset metadata
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Use the ESS-DIVE Contact form to request 
assistance

some details about what you are seeking 
help with
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Reporting Format for Environmental 
Sensor Data and Automated Generation of 
ESS-DIVE Compliant Metadata

Stephanie Pennington & Ben Bond-Lamberty, PNNL
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Processing Environmental Sensor Data
1. Produce an easy-to-customize R tool for 

processing environmental sensor data

We focus on T05 data from Campbell 
dataloggers. These are widely used and 
have a standardized output format
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Processing Environmental Sensor Data
1. Produce an easy-to-customize R tool for 

processing environmental sensor data

We focus on T05 data from Campbell 
dataloggers. These are widely used and 
have a standardized output format
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Sensor Data Reporting Format
1. Produce an easy-to-customize R tool for 

processing environmental sensor data

We focus on T05 data from Campbell 
dataloggers. These are widely used and 
have a standardized output format

2. Develop a general sensor data reporting 
format to generate ESS-DIVE compliant 
formats

Focusing on sensors through dataloggers

Interoperability with other reporting formats

SCAN FOR 
SURVEY
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Soil Respiration Reporting Format 2.0
1. Produce an easy-to-customize R tool for 

processing environmental sensor data

We focus on T05 data from Campbell 
dataloggers. These are widely used and 
have a standardized output format

2. Develop a general sensor data reporting 
format to generate ESS-DIVE compliant 
formats

Focusing on sensors through dataloggers

Interoperability with other reporting formats

3. Update and expand the existing ESS-DIVE 
soil respiration reporting format

SCAN FOR 
SURVEY



Harmonization of Water-Soil-Sediment 
Chemistry and Hydrologic Monitoring 
Reporting Formats

Amy Goldman & Brieanne Forbes, PNNL
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PNNL is operated by Battelle for the U.S. Department of Energy

Update on Harmonization and 
Increased Usability of 
ESS-DIVE’s Hydrologic 

Monitoring and Water, Soil, 
and Sediment Chemistry 

Reporting Formats
Amy Goldman, Brieanne Forbes, and 

Bibi Powers-McCormack 

CIWG Annual Meeting 2025

Amy.Goldman@pnnl.gov
Brieanne.Forbes@pnnl.gov 

This research is supported by 
an ESS-DIVE Partner Project

mailto:Amy.Goldman@pnnl.gov
mailto:Brieanne.Forbes@pnnl.gov


Existing Hydrologic Monitoring RF and Soil, 
Sediment, and Water Chemistry RF have 
opportunities for harmonization

Water, Soil, and 
Sediment, Chemistry RF

Sample data

Developed by Boye et al.

Hydrologic 
Monitoring RF

Sensor data

Developed by Goldman et al.

Alphanumeric metadata codes

Metadata header rows

Data variables

Opportunities for 
harmonization



Header rows in the Hydrologic Monitoring RF 
embed metadata

# HeaderRows_6

# HeaderRows_Format: Column_Header; Unit; InstallationMethod_ID; Instrument_Summary

# DateTime; YYYY-MM-DD hh:mm:ss; Minidot_01; PME miniDOT Logger real time clock.

# Temperature; degree_celsius; Minidot_01; PME miniDOT Logger with temperature sensor.
# Dissolved_Oxygen; milligrams_per_liter; Minidot_01; PME miniDOT Logger with optical dissolved oxygen sensor 
(fluorescence quenching).

DateTime Temperature Dissolved_Oxygen

 2022-05-02 19:05:00 15.18 9.667

 2022-05-02 19:06:00 15.18 9.659

 2022-05-02 19:07:00 15.16 9.665



Hydrologic Monitoring RF installation method 
IDs are defined in a separate file

# HeaderRows_6

# HeaderRows_Format: Column_Header; Unit; InstallationMethod_ID; Instrument_Summary

# DateTime; YYYY-MM-DD hh:mm:ss; Minidot_01; PME miniDOT Logger real time clock.

# Temperature; degree_celsius; Minidot_01; PME miniDOT Logger with temperature sensor.
# Dissolved_Oxygen; milligrams_per_liter; Minidot_01; PME miniDOT Logger with optical dissolved oxygen sensor 
(fluorescence quenching).

DateTime Temperature Dissolved_Oxygen

 2022-05-02 19:05:00 15.18 9.667

 2022-05-02 19:06:00 15.18 9.659

 2022-05-02 19:07:00 15.16 9.665



Header rows in the Water, Soil, and Sediment 
Chemistry RF embed metadata

#Columns 4

#Header_Rows 6

Field_Name Sample_Name IGSN Material Percent_Fine_Sand

Unit N/A N/A N/A percent

Unit_Basis N/A N/A N/A as_percent_of_dry_weight

MethodID_Preparation N/A N/A N/A GRN_T_PREP_001

MethodID_Analysis N/A N/A N/A GRN_T_AN_001

MethodID_DataProcessing N/A N/A N/A GRN_T_DP_001

#Start_Data CM_001_GRN 10.58052/IEWDR01Q5 Sediment 3.3

N/A CM_002_GRN 10.58052/IEWDR01Q6 Sediment 5.5

N/A CM_003_GRN 10.58052/IEWDR01Q7 Sediment 4.2



Water, Soil, and Sediment Chemistry RF method 
IDs are defined in a separate file

#Columns 4

#Header_Rows 6

Field_Name Sample_Name IGSN Material Percent_Fine_Sand

Unit N/A N/A N/A percent

Unit_Basis N/A N/A N/A as_percent_of_dry_weight

MethodID_Preparation N/A N/A N/A GRN_T_PREP_001

MethodID_Analysis N/A N/A N/A GRN_T_AN_001

MethodID_DataProcessing N/A N/A N/A GRN_T_DP_001

#Start_Data CM_001_GRN 10.58052/IEWDR01Q5 Sediment 3.3

N/A CM_002_GRN 10.58052/IEWDR01Q6 Sediment 5.5

N/A CM_003_GRN 10.58052/IEWDR01Q7 Sediment 4.2



Adoption assessment

Iterative design and testing

Presentation of RF on GitHub 
and publication ESS-DIVE

1

2

3

Instructions Templates Examples

Partner project includes phases of feedback and 
testing before publication 

Tools



Current use of Hydrologic Monitoring RF and 
Water, Soil, and Sediment Chemistry RF is low

1.6% 
datasets on ESS-DIVE use the  

Hydrologic Monitoring RF
 

2.0% 
datasets on ESS-DIVE use the 

Water, Soil, and Sediment 
Chemistry RF 

 
18 datasets out of 1,128

10 of these datasets (56%) originate 
from our team

23 datasets out of 1,128

14 of these datasets (61%) originate 
from our team



Currently collecting adoption assessment 
information to identify barriers to RF use

Preliminary Survey Results 
Top 3 reasons to choose not to adopt 

RFs (n = 13) 

Did not know RF existed

RF was not required

Did not have time/resources

1

2

3



If you are interested in providing feedback as we 
generate and test changes, please sign up

https://tinyurl.com/RF24-signup
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Advanced Terrestrial Simulator (ATS) 
model data managing and archiving 
standards

Ethan Coon, ORNL & Zhi Li, PNNL
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The challenge of reproducibility: Only 1% data 
packages are fully reproducible

Stagge et al. (2019). Assessing data availability and research reproducibility 
in hydrology and water resources. Scientific data.
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Project goals

ATS

and 
other 

models

Simmonds et al 
(2022). Guidelines 
for publicly 
archiving 
terrestrial model 
data to enhance 
usability, 
intercomparison, 
and synthesis.
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Prototype: Information mining from ATS 
outputs to meet the Reporting Format
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Proposed method: Generating Reporting 
Format-aware ATS outputs
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Deliverables

ATS User Survey on MDA Needs and Requests


