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https://mattturck.com/data2021/



The Big Data Landscape is really, really, really, big

● >100 Thousand data scientists in the US1

● ~26.9 Million software engineers in the world2

● >15 Billion devices connected to the Internet3

● ~7.9 Zettabytes (7.9 Billion Terabytes) of data on the internet4

1 https://www.bls.gov/ooh/math/data-scientists.htm
2 https://en.wikipedia.org/wiki/Software_engineering_demographics
3 https://www.statista.com/statistics/1290925/internet-access-by-device-us/
4 https://firstsiteguide.com/big-data-stats/

https://www.bls.gov/ooh/math/data-scientists.htm
https://en.wikipedia.org/wiki/Software_engineering_demographics
https://www.statista.com/statistics/1290925/internet-access-by-device-us/
https://firstsiteguide.com/big-data-stats/


Source: https://www.whitehouse.gov/ostp/news-updates/2022/08/25/ostp-issues-guidance-to-make-federally-funded-research-
freely-available-without-delay/

https://www.whitehouse.gov/ostp/news-updates/2022/08/25/ostp-issues-guidance-to-make-federally-funded-research-freely-available-without-delay/


Source: https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf

https://www.whitehouse.gov/wp-content/uploads/2022/08/08-2022-OSTP-Public-Access-Memo.pdf


How many of you are trained to make data 
accessible immediately after you analyze it?

document curate
share



Capacity vs Capability

Compute
Storage

Data
Software

Digital Literacy
Data Science Skills



Source: https://www.whitehouse.gov/ostp/news-updates/2023/01/11/fact-sheet-biden-harris-administration-announces-new-
actions-to-advance-open-and-equitable-research/

https://www.whitehouse.gov/ostp/news-updates/2023/01/11/fact-sheet-biden-harris-administration-announces-new-actions-to-advance-open-and-equitable-research/


2023 - Federal Year of Open 
Science Initiative

Source Images: NASA TOPS, National Institutes of Health, National Science Foundation



What is Open Science?

Source Images: https://www.go-fair.org/,  https://opensource.org/, https://www.openaccess.io/

https://www.go-fair.org/
https://opensource.org/
https://www.openaccess.io/


https://foss.cyverse.org



https://foss.cyverse.org



Personal Computing



76% 16% 5%

Personal Computing



Cloud Computing & SuperComputing

https://en.wikipedia.org/wiki/Usage_s
hare_of_operating_systems



Let’s all use “The Cloud!” 



Let’s all use “The Cloud!” 



“Free” Cloud services are available almost everywhere for 
academic educators & researchers

“Starter Tiers” can be good for teaching and getting a feel 
for things, but in general are not useful for big data 
analyses

Let’s all use “The Cloud!” 



My Daily Drivers
Laptop Desktop HPC & Data Center



My Daily Drivers



Ryan Abernathey’s 2022 PANGEO talk at OpenOceanCloud: https://vimeo.com/670782104
https://doi.org/10.1109/MCSE.2021.3059437

Data 
Proximate 
Computing

Dynamic 
Elastic 
Scaling

Analysis 
Ready 
Data 

https://vimeo.com/670782104
https://doi.org/10.1109/MCSE.2021.3059437


Mainframe Server Many Servers
High Density Servers

Terminal Desktop Web Hosting
Cloud-enabled Apps

1970s 1980s 1990s-2010s
2020+

Data Proximate Computing



Connect to Public Cyberinfrastructure & Commercial Cloud via 
Internet2

Data Proximate Computing



https://github.com/giswqs/Awesome-GEE

https://planetarycomputer.microsoft.com/ https://code.earthengine.google.com/

https://github.com/microsoft/PlanetaryComputerExamp
les

Dynamic and Elastic Scaling

https://github.com/giswqs/Awesome-GEE
https://planetarycomputer.microsoft.com/
https://github.com/microsoft/PlanetaryComputerExamples


Analysis Ready Data



All major scientific data archives are hosted on the cloud - most are 
free

Programatically scalable to millions of concurrent requests

Metadata & indexing allow for instantaneous search

Analysis Ready Data



Why?

● Accessibility
● Preview without downloading
● Cloud Optimized 

○ Byte range requests
○ Download only area of interest

Analysis Ready Data



Ryan Abernathey’s 2022 PANGEO talk at OpenOceanCloud: https://vimeo.com/670782104
https://doi.org/10.1109/MCSE.2021.3059437

Data 
Proximate 
Computing

Dynamic 
Elastic 
Scaling

Analysis 
Ready 
Data 

https://vimeo.com/670782104
https://doi.org/10.1109/MCSE.2021.3059437


Artificial Intelligence & Machine Learning

AI investments are expected to go from 

10 billion $ to >200 billion $ by 2025



Artificial Intelligence & Machine Learning



Artificial Intelligence & Machine Learning



https://arxiv.org/abs/2303.10130

https://arxiv.org/abs/2303.10130


https://arxiv.org/abs/2302.06590https://economics.mit.edu/sites/defaul
t/files/inline-files/Noy_Zhang_1.pdf

https://arxiv.org/abs/2302.06590
https://economics.mit.edu/sites/default/files/inline-files/Noy_Zhang_1.pdf


➔ Use well defined, progressive, prompts 

➔ Create or refine code you are struggling with

➔ Ask it about a specific piece of code or error you cannot understand

➔ For tasks that are otherwise a drudgery & / or subject to human error 

GPT v4
(Generative Pre-trained Transformer)

LLM
(Large Language Model)

Artificial Intelligence & Machine Learning



DBI-0735191, DBI-1265383, DBI-1743442 and OAC-1664172

The Open Science 
Workspace



110,000
users

1500
publications

11 PBs
of data

40,000
trained

● Secure Perimeter (VPN)
● HIPAA Compliant Platforms inside of 

Perimeter
● XNAT
● Training

● Federation with local and 
commercial cloud and high-
performance computing

● Integration with local user identity 
management systems

● Security compliance 

● ITAR Compliance
● Receive data from multiple sensors
● Policy based data visibility and  

sharing
● Support for multiple teams and data 

partitioning



How does CyVerse work?



Award # OAC 2005506

CyVerse Collaborations

https://www.nsf.gov/awardsearch/showAward?AWD_ID=2005506


Includes software, 
environments, data

Includes environments, 
notebooks, data

Organizers

Allocations,
resources, 
projects, 

ideas

Template (recipe) 
selection: 

number of instances, 
CPU/ RAM/ Disk, 

security Learners

Based on Skidmore, CyVerse Tech Preview Webinar, 2022

CyVerse Collaborations



Transforming a Quarter Petabyte of Field 
Phenomics Data Into Functional Traits

Emmanuel Gonzalez  

Duke Pauli Lab
Ph.D. Candidate

University of Arizona

CyVerse Use Case # 1

emmanuelgonzalez@arizona.edu



Collecting data is becoming easier 
and cheaper

Robots DronesCarts Phones

Image: Wall Street Journal, USDA, DJI, and IITA



U Arizona Field Scanalyzer

World’s Largest Field Robot



Lettuce exhibits large amounts of phenotypic variation

Cutting Cos Crisp

Butterhead Latin



Goal: repeatable, fine-scale phenotype 
extraction

3D
20,000 plants * 32 scans * 4 phenotypes 

= 2.6M individual plant phenotypes

RGB
20,000 plants * 36 scans * 1 phenotype 

= 720K individual plant phenotypes

Thermal
20,000 plants * 36 scans * 4 phenotypes 

= 2.9M individual plant phenotypes

Total: 6.2M time-series individual plant phenotypes



Requires modular & scalable workflows
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Object 
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Data transfer and computation

DataStore

Cache Server

● Compression
● Checksums

● Collect data
● 1-10TB/day

● Storage 
(raw + processed)

UA HPC

● HPC 
● Workflows

Algorithms
● Prototyping
● Development
● Testing
● Collaboration/Publication

Collaborators and Public



Data transfer and computation



https://doi.org/10.3389/fpls.2023.1112973

https://doi.org/10.3389/fpls.2023.1112973


CyVerse Use Case # 2

Das, A., Schneider, H., Burridge, J. et al. Digital imaging of root 
traits 2015 (DIRT): a high-throughput computing and 
collaboration platform for field-based root phenomics. Plant 
Methods 11, 51 https://doi.org/10.1186/s13007-015-0093-3

Alex Bucksch

https://www.computational-plant-science.org

https://doi.org/10.1186/s13007-015-0093-3
https://www.computational-plant-science.org


II. 3D root scanner

DIRT/3D measures root systems from the field

IV. 3D root 
model

V. Individual root 
tracking

VI. Computed root 
structure 

VII. Resolved occluded whorl 
locations 

III. Root images 
data

I. Maize roots in the 
field

Suxing Liu



Dense data sets are giant 
data sets

1 root = 1 GiB

1 experiment = 1,000 roots

Liu, S. et al. 2021 DIRT/3D: 
3D root phenotyping for 
field-grown maize mays. 
Plant Physiology 187:2 
https://doi.org/10.1093/plp
hys/kiab311

DIRT/3D measures root systems from the field

http://www.youtube.com/watch?v=kCqt2eMlhIo


https://plantit.cyverse.org/





Open Forest Observatory

Award # DBI 2152671
Award # DBI 2152672
Award # DBI 2152673

CyVerse Use Case # 3

Jeffrey K. Gillan
jgillan@arizona.edu

Derek J. Young    
djyoung@ucdavis.edu

Michael J. Koontz
mikoontz@gmail.com

https://www.nsf.gov/awardsearch/showAward?AWD_ID=2152671
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2152672
https://www.nsf.gov/awardsearch/showAward?AWD_ID=2152671
mailto:jgillan@arizona.edu
mailto:djyoung@ucdavis.edu
mailto:mikoontz@gmail.com


RTK Collection
Jpeg drone 
images (TBs)

Imagery products

raw imagery

Data Store

Collection Pipeline

Art by MidJourney AI



Server VM

Worker VMs

Photogrammetry

Fir

Pine

Spruce

Individual Tree Detection
ML Species Classification

https://github.com/open-forest-observatory/automate-metashape

Analysis Pipeline

Art by MidJourney AI

https://github.com/open-forest-observatory/automate-metashape


Vectors
Rasters

Cloud Optimized Formats



Conclusion 😱
The Big Data Landscape -😵 not an 
exaggeration

2023 Year of Open Science -⏳ 12/2025 🔓

Becoming Cloud-Native -⛅ not an option

AI in the workplace -🤖 already changing the 
world



DBI-0735191, DBI-1265383, DBI-1743442 and OAC-1664172



Thanks for your time!

Art by MidJourney AI
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