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Making the National Ecological Observatory
Network (NEON) Al-FAIR

Panel |I: Making MF data Al-ready

This material is based upon work supported by NSF’s National Ecological Observatory Network which is a major facility fully funded by the U.S. National Science Foundation
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NEON is a distributed Observatory across the U.S.
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How we collect data and samples

Standardized, colocated methods across sites
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How we collect data and samples

Standardized, colocated methods across sites
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Data portal: https://data.neonscience.org
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. . Welcome to the NEON Data Portal
* Information on programmatic

Get Started...

access to NEON data
= AP

= Code packages

* Metadata:

= APl endpoint with schema.org

= EML comes with data download

* Access data product user guides,
detailed protocols, and other
Important documents



https://data.neonscience.org/

NEON specimens & samples: NEON Biorepository

>100,000 specimens & samples per year

%’ Arizona State
University

BARCODE OF LIFE DATA SYSTEM

Advancing biodiversity science through DNA-based species identification.
4 GBI F Global Biodiversity >1.3M
Information Facility occurrences
%
.. :M: :
N
e DI 10

Integrated Digitized Biocollections

65 sample types « Small mammals
* Fishes . Soil
> 650,000 samples + Ground beetles * Dust
* Mosquitos ...many more
* Ticks
> 5,200 taxa

neon



Research enabled by NEON data & specimens
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Challenges present opportunities for understanding what
Al-readiness can mean for NEON

Challenges

* Operations: coordinating fieldwork, sample
collection, sensor maintenance, sample
processing, etc., at scale

* Evolving standards and technology:
maintaining long-term (30 year) data products
as domain standards and technology evolve

* Data management: QAQC, provenance
tracking, delivery of 180+ products

* Meeting FAIR principles in age of Al-
enabled science, with a diverse user base

Opportunities

* AlI-FAIR documentation: tools to gain
efficiencies in operations (NEON VINE)

* Open infrastructure: NEON as a
testbed/benchmark for new data acquisition
technologies (specimen imaging, Sage Al)

* Community of practice: define FAIR4AI vs.
Al-ready and develop standards in ecology

* Partnerships: support user projects
developing Al-enabled science to understand
requirements
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Al-FAIR documentation

Tools to gain efficiencies in operations (NEON VINE)




NEON VINE: Virtual Interface for NEON Expertise

Safety-forward Al assistant for Weicoms: Tyiak
NEON field staff (site/protocol- Chat Message
aware).

What are the safety considerations for the coarse woody debris sampling protocol in DO1?

Final answer:
Falling trees, snags, and falling limbs are common at this site. Balancing scientific integrity and safety will be a challenge.

Rapld hel p Wlth Safety prOtOCOIS ’ Submit If potentially dangerous situations are identified, Field Science should follow the protocol described in the Site
infO retrieval ; f|e|d paCk| ng/p rep, Comiion Questions Maintenance Plan NEON.DOC.000804. No cutting shall be conducted without consulting the site host.

Bears are likely to cause damage to this site by chewing on NEON infrastructure. Electric wire fencing may be needed to

an d p rOtOCO| q u eStI ons. What are the safety deter them. Please contact the field operations manager and site host prior to proceeding.

considerations for the coarse
woody debris sampling

Ingests and understands a W|de protocol in DO1? the exact beginning and end of hunting season each year.

Work at heights is a major hazard and is highly probable. Ensure proper safety measures are in place when working at

range Of document formats . What consumables do I need heights.

for preventative maintenance . . . 5 . . J N
E : Work with chain saws is a major hazard and is probable. Ensure proper safety measures are in place when using chain
on a 2d sonic anemometer?,

1 source NEON.DOC.001458
S u pports ConteXtuaI ) Vlsual ’ a n d Work with chemicals is a major hazard and is highly probable. Ensure proper safety measures are in place when working

dOCu ment_g rou nded What are the latest revisions with chemicals.

i ?
bt Work with electricity is a hazardous activity and is highly probable. Ensure proper safety measures are in place when

Co n Ve rsatl O n S . Provide an equipment list for working with electricity.

Hunting is permitted in the Bartlett Experimental Forest from spring through fall. Coordinate with the site host to identify

Saws.

mosquito sampling. Work on frozen stream/lake is a hazardous activity and is highly probable. Ensure proper safety measures are in place
E asy to u pd ate/exte n d Wlth when working on frozen stream/lake.
.. . . Off-Trail Hiking is a minor hazard but highly probable. Ensure proper safety measures are in place when hiking off-trail.
mini mal eng ineeri ng effo rt Hazard Trees are a hazardous activity and are highly probable. Ensure proper safety measures are in place when dealing

- i with hazard trees.
owered by: o ; : < : .
y Permitting: Be sure you are permitted to obtain CDW bulk-density samples from the intended sampling area, and

determine whether chainsaw sampling is a permitted activity.

RAG-based: grounds answers in
up-to-date, context-specific
documents to cut hallucinations
and boost accuracy/re|evance_ | UseviaAPI & - Built with Gradio @ - Settings %
-/

ne&n

Land Use Agreement: If applicable, make sure that any L |, | Use Agreement allows for CDW bulk-density sampling.
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NEON VINE: Virtual Interface for NEON Expertise

Current Knowledge Base & Roadmap

* NEON Site-Specific Safety Docs Potential additions
Detects sites/domains in queries ¢ Pulls relevant

: : , , = Real-time weather and safety conditions
guidance * Reinforces safe-practice reminders

_ = Resolved ServiceNow ticket knowledge
* NEON Observational Protocols (OS & AOS) base
Full protocol awareness ¢ Answers from text or

images * Provides field packing lists

* NEON Sensor Maintenance Docs (TIS & AlS) o | | |
Full maintenance procedures * Answers from = Site history information (public)
text or images ¢ Provides field packing lists

= Protocol training library (public)

= Data product information (public)



© NEON Tutorials Alpha

—— SCIENTIFIC LEARNING HUB

Explore NEON
Data Tutorials

Access a curated collection of data science tutorials. Learn R and
Python workflows to analyze ecological data from across the
continent.

Q ¢ Al Search

» .CSV Jlas Jdaz Aif 2013 Colorado Floods AlS AIS data AOP AOP Reflectance AOP data AOS data API API Ac
R R PYTHON
New Resources for Working with Quantifying The Drivers and Tutorial Introduction to
NEON Data Impacts of Natural Disturbance Bidirectional Hyperspectral

Under development by Sam Roy 1‘@

ne&n
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Open infrastructure

NEON as a testbed/benchmark for new data acquisition technologies
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https://portal.sagecontinuum.org/nodes @ neeon

Operated by Battelle



https://portal.sagecontinuum.org/nodes

NEON Bioreposito

8

Small mammals
Fishes

Ground beetles
Mosquitos
Ticks
Zooplankton
Vascular plants &
Microbes

Soil

Dust
Precipitation
..and more!

Operated by Battelle

= Datasets: @imageomics/sentinel-beetles ™ <

Tasks: [5 Image Feature Extraction = Modalities: Image Text |

Libraries: @) Datasets # Dask @ Croissant +1 License: @™ cc-by~

¢ Dataset card B Data Studio 'I= Files and versions | << xet

B8 Dataset Viewer

Split (2
train - 22.4k rows v

Q. Search this dataset

file_path ¢ colorpicker full path $ scalebar full path $
image - width (px) image - width (px) image - width (px)
93 1k 243 1.17% 145 3.89
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Community of practice
Define FAIR4Al vs. Al-ready and develop standards in ecology




Understanding the requirements for Al-ready ecology and
biodiversity data infrastructure for open science

Nongovernmental Multi-institution and ™ Academic and

organizations global research centers 4,  research institutions Partners:
O .

M Governmental agencies %s,) BGBIF » Imageomics Institute, Ohio State
£ University, USA
Tanya Berger-Wolf, Arnab Nandi
« NEON, Battelle, USA

Eric Sokol, Christine Laney
*’ ] .3 * NatureServe, USA
5. Max Tarfan
5  « Duke University, USA
S Hilmar Lapp

uonnqLIu0)

Data services ML/data
liaison for user infrastructure

community Cyberinfrastructure [developer
provider

ne&n
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Continuum of data “readiness” for Al applications

Human Al-
m Labor FAIRZAI Enabled Al-Ready

FAIR4AlI - Data that are FAIR enough for Al to be used in making data fully “Al-Ready”

Al-Ready - Data that are ready to be included in Al infrastructure at scale

From Alex White, Elizabeth Campolongo, Nick Lyon, and Hilmar Lapp, “Al Readiness” Defined. A presentation at the August
2025 Biodiversity Al Workshop

18 @ ‘ nean



Partnerships

Support user projects developing Al-enabled science to understand requirements




Prototype NEON Agent for
Environmental Data
Exploration and Analysis

Renato Figueiredo, Laura Kuo, Zehua Zhu (EECS)
Julia Jones (Geography)
Oregon State University

In collaboration/co-development with:
Michael Elliott, Manny Luciano, Jose A. B. Fortes
ACIS Lab/ECE, University of Florida
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Vision: we are researching natural language agents that
can access multiple repositories and extract data...



Alrborne Remote Sensin

00 Met &
NEON STAC Metadata Browser |

Visualize STAC Items a a Map

m e | R
H*«L\‘ il Using Artificial
xJ =5 AL Intelligence to

Meta / World Resources
Institute Al application
using NEON CHM data

:‘%qu‘ e Map the Earth’s ) )
S AR g, i along with satellite data
ENNEE N et Whene to map global forests.
i | \‘ ‘ — . S| SHARE f X ™~
I" AN it SATELLOGIC
e | el

NEWS > BLOG > Al >SATELLOGIC OPEN-SOURCE RELEASE: A LARGE DATASET OF HIGH-RESOLUTION IMAGERY FOR Al MODEL TRAINING

Load NEON Tiles by Site

[T g ol - Satellogic open-source
. release: A large dataset of

high-resolution imagery
for Al model trainin
NEON Utgiagvik (BARR) site. AOP is working J

Prototype of STAC Metadata Browser for

Pioneering Foundation Models for Earth Observation with Open Data

towards improved standardization of data,

shapstiles, and metadata to enable this Satellogic incorporated NEON hyperspectral and lidar data in
enhanced representation. an Al training dataset on HuggingFace, called EarthView.



45 ©1HARP
Scientific Modeling out of distribution
(Scientific-Mood) ML Challenge

* Neural Forecasting: We forecast the activations of a cluster of neurons given previous signals from the
same cluster. This targets the critical problem of brain-artificial neuron interfaces, and these models can be used in
brain-chip interfaces for artificial limb control, amongst many others.

* Climate prediction using ecological data: we predict drought conditions at field sites over

short, medium, and long timescales using images of an important group of ecological indicator organisms (ground
beetles) collected there. The resulting models can be used to understand how the impacts of future climate
conditions may be reflected in observable features of sentinel taxa.

* Coastal flooding prediction over time: we model the sea levels at various sites over

decades, with the aim of predicting future coastal floods. The resulting model will be essential for understanding
the real-world impacts of climate change.

7 https://www.nsfhdr.org/mlichallenge-y2 & [neen
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>180 Data Products

Atmospheric Organismal Ecohydrology Biogeochemistry Remote Sensing

~N

6.

H,O, CO, Abundance Water quality Soil conditions Spectrometry
Heat Composition Precipitation Chemistry Hi-Res Imagery
Micromet Biomass Discharge Particulates LiDAR
Isotopes Productivity Radiation Foliar characteristics
Turbulence Pathogens Geomorphology
Storage Phenology Riparian Structure
Fluxes Marker Genes

Metagenomics

neon
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A vision for Al-ready biodiversity data
cyberinfrastructure
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Objective: Predict drought status from characteristics of ground beetles collected
during a sampling event.

Target variable: Standardized Precipitation Evapotranspiration Index (SPEI)

® Derived from remote sensing data for a given location (e.g., NEON Site)
® Calculated over a given time window (e.g., 30 days, 1 year, 2 years)
® Rangeis[-3.0, 3.0]
® <-1indicates dry conditions
® > 1indicates wet conditions
Trap collection
Trap deployment
. | SPEI 30d
. |SPEI 1y
. |SPEI 2y
7, “, 7, Predict SP
/*\30 /*909 /*90 values
S Lo v
, L
Time 2 week duration

(not to scale)

Images of trapped
beetle specimens

Trained model
Inputs: images
Outputs: SPEI predictions
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