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Interconnected systems
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Kontur Inclusive

Accessible TransparentReproducible Impactful

ChatGPT ChatGPTChatGPT

Interconnected researchers



Open science, community building, and infrastructure       
for ________ communities

Defining open-source 
science and values Models for serving the community 

Lessons learned and outlook
CryoCloud JupyterHub for 
Cryosphere communities

5Slack



Science has success in discovery, some limitations in impact

The problem

Participation of all society
More informed decision-making
Better localized knowledge and decision-making
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Advances in technological & social innovation can boost 
science

The opportunity

7



For a high performing science ecosystem to address global 
challenges

Necessity

Misinformation
Climate change
Policy making

8
NOAA



Principle and practice of making research products and 
processes available to all, while respecting diverse cultures, 
maintaining security and privacy, and fostering collaborations, 
reproducibility, and equity.

Science done in a fundamentally more open way 
is the future
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Open-source science at the forefront

https://nasa.github.io/Transform
-to-Open-Science/

https://nasa.github.io/Transform-to-Open-Science/
https://nasa.github.io/Transform-to-Open-Science/
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NASA (and US+): 2023 the Year of Open Science

“...I realized that open science isn’t just about 
tools. Open-science innovation is being driven 
by a global community with diverse 
perspectives. The scientific questions are 
more interesting and nuanced, the solutions 
better.” - Chelle Gentemann

open.science.gov

http://open.science.gov


Intellectual generosity 

Intellectual humility 

Right to participate in science

Everyone deserves to be treated with dignity and respect

Open science values
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Sharing ideas, advancing other’s understanding
Reduce competition and enhance collaboration

Intellectual generosity

13LinkedIn



Intellectual humility
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Give and receive 
criticism with grace

Our contributions are 
small relative to the body 
of knowledge

matt.might.net



Right to participate in science
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Democratizing science
Kontur

Global population

Access
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Objective and constructive discourse

Brookhaven National Laboratory

Everyone deserves to be treated with dignity and 
respect

https://www.bnl.gov/compsci/dei-council.php


Intellectual generosity 

Intellectual humility 

Right to participate in science

Everyone deserves to be treated with dignity and respect

Open science values
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Open science as a process, not a product



The challenge: 

Closed science
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Finding solutions
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Our piece of the puzzle



Solutions through computing
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Research requires computing capabilities

ChatGPT
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Research computing requires infrastructure that 
may not be trivial to access

ChatGPT
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We need certain computing resources to produce 
impactful results

ChatGPT

Conduct research

Produce solutions

On usable timeframes

ChatGPT



Collaborative, reproducible, open science in the 
cloud
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What is the cloud?



https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020AV000354

ChelleGentemann

Science stands at the cusp of a new, open science, 
cloud-enabled era

Advances in data, software, and computing are 
enabling transformational, interdisciplinary science, 
changing the realm of possible questions

Deliberately designed open science communities can 
advance science and inclusivity simultaneously

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020AV000354
https://twitter.com/ChelleGentemann


https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020AV000354

ChelleGentemann

Science stands at the cusp of a new, open science, 
cloud-enabled era

Advances in data, software, and computing are 
enabling transformational, interdisciplinary science, 
changing the realm of possible questions

Deliberately designed open science communities can 
advance science and inclusivity simultaneously

…or from your cell phone or 
on a flight

Image credits: Chelle Gentemann

Process massive amounts of 
data from a $36 computer…

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020AV000354
https://twitter.com/ChelleGentemann


The Digital Watering Hole (in the cloud)

To tackle challenges that

● go beyond disciplinary silos…
● require analysis of really big data
● integration of disparate data…
● participation of disparate, diverse 

communities…
● to ultimately connect with society and 

impact critical decision making.

An opportunity shaped by:

● Open, FAIR and CARE Data
● Scalable computation next to the data
● Modular tools for exploration/narrative

Image: diana_robinson

https://www.flickr.com/photos/dianasch/


Proofs of concept
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Exoplanet analysis: two orders of magnitude 
faster in the cloud

Retention of an exoplanet’s 
atmosphere as it orbits close 
to a star

Analysis per planet:
- 5 hours on local 

computer
- 5-10 min in the cloud

With a few lines of code that 
gave cloud access to data 
archives

NASA 3rd Eddy 
Symposium
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Stat 159 by Fernando Pérez  (course site)

github.com/UCB-stat-159-s22/hw07-group13

"Main Paper" Supporting 
Analysis 
Notebooks

Supporting 
code & tests

Reproducibility

JupyterBook 
based site

https://ucb-stat-159-s22.github.io/site
https://github.com/UCB-stat-159-s22/hw07-group13


github.com/UCB-stat-159-s22/hw07-group13

50-2000 students working in 
the cloud for $1 to $2 per 
student per semester

Stat 159 by Fernando Pérez  (course site)

https://github.com/UCB-stat-159-s22/hw07-group13
https://ucb-stat-159-s22.github.io/site


New spaces and organizational models are needed
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Cloud computing and ICESat-2 science

Cloud computing and open science concerns from 
the May 2022 ICESat-2 Science Team Meeting
- Non-intuitive pricing structures, computing 

options, infrastructure 
- Poor documentation
- Costly to use
- Not obviously more collaborative or faster

This didn’t ring true to our experience in the cloud!



2i2c.org
The International Interactive 

Computing Collaboration

- Non-profit.
- Service provider for interactive 

computing infrastructure.
- An R&D team that contributes back 

to open source communities.

Funding 
(Open Science 
Program)
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https://2i2c.org/


40

:  A cloud-computing platform with bumpers

Goal: Simple and cost effective managed cloud environment for training and 
transitioning new users to cloud workflows and determining community best practices

Built and developed for cryosphere scientists by software professionals at 2i2c to 
make it possible to:
- Process data faster 
- Minimize downloading
- Democratize science

pixabay.com
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:  A cloud-computing platform with bumpers

- Persistent for (at least) three years
- Small servers (32 Gb / 4 CPU) for all users, option to bring own cloud credits to 

access larger servers
- New tool development

- Personal cost-monitoring tool 
- Intra- and inter-hub collaboration tools

- Helping 2i2c scale with community surveys, feedback, and guidance

pixabay.com
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hub.cryointhecloud.com

: accelerate discovery and enhance collaboration

Students, researchers, 
developers, educators



2i2c-org/docs

2i2c-org/infrastructure

new.2i2c.cloud

Cloud Engineer (2i2c)

Community Leadership (community)

hub.cryointhecloud.com

Community Guidance (2i2c)

… …

Building transferable community 
standards and infrastructureCryosphere 

Communities

Other science
Communities
(NASA, future hubs)

Others
Icesat-2 
Science Team 

West Antarctic Ice 
Sheet workshop community docs🌎

Open Science Infrastructure Team

🌎 🌍

Documentation
and Training

Community Hubs Community Hub

Cloud Infrastructure

CryoPartners
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new collaboration tools

Adapted from 2i2c.org

Community Members (community)



CryoCloud documentation & community building
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- CryoCloud Github:  
github.com/cryointhecloud

- CryoCloud Slack
- Community office hours
- Training, tutorials, and resources
- Bring in Cryosphere communities and share in infrastructure 
ideation and construction

cryointhecloud.com

https://github.com/cryointhecloud
https://cryointhecloud.com/


45

Advantages to a community platform



CryoCloud community feedback integral to building 
community best practices

46

What percentage of your research computing to 
you perform in the cloud

Today 5 years from now



CryoCloud helps accelerate science and makes 
open science easy
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Faster – No manual data handling, faster data read-ins 

Easy to use, customizable – same software as on personal computer

Collaboration made easy – co-coding, shared tools

Eliminates technology bottlenecks – shared challenges

No software expertise needed – cloud-computing as a service
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Faster – No manual data handling, faster data read-ins

Easy to use, customizable – same software as on personal computer

Collaboration made easy – co-coding, shared tools

Eliminates technology bottlenecks – shared challenges

No software expertise needed – cloud-computing as a service

CryoCloud helps accelerate science and makes 
open science easy



Julia (soon!)

Medium: up to 16 CPU / 128 GB RAM
GPU: up to 4 CPU / 16 GB RAM

Versatile choice of computer language and server 
size
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Faster – No manual data handling, faster data read-ins

Easy to use, customizable – same software as on personal computer

Collaboration made easy – co-coding, shared tools

Eliminates technology bottlenecks – shared challenges

No software expertise needed – cloud-computing as a service

CryoCloud helps accelerate science and makes 
open science easy



Different kinds of users in one place accelerates 
feedback and collaboration
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Faster – No manual data handling, faster data read-ins

Easy to use, customizable – same software as on personal computer

Collaboration made easy – co-coding, shared tools

Eliminates technology bottlenecks – shared challenges

No software expertise needed – cloud-computing as a service

CryoCloud helps accelerate science and makes 
open science easy
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Early careers, underrepresented groups, and non-R1 
academic institution researchers benefit the most

Kontur
Global population

Access

Democratizing science
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Faster – No manual data handling, faster data read-ins

Easy to use, customizable – same software as on personal computer

Collaboration made easy – co-coding, shared tools

Eliminates technology bottlenecks – shared challenges

No software expertise needed – cloud-computing as a service

CryoCloud helps accelerate science and makes 
open science easy



A consistent platform provides a place where 
individuals and communities can rapidly mobilize 
when need arises

55

- ICESat-2 Science Team pre-launch training: Dec 2022  
- FOGGS: March 2023
- ICESat-2 Hackweek: Aug 2023
- WAIS: Sept 2023
- ICESat-2 Science Team Meeting: Oct 2023 
- AGU Year of Open Science: Dec 2023

Norwegian ML Workshop (Apr), QGreenland Workshop (May), 
NSIDC User Working Group (Sept), GeoSmart Hackweek (Oct) 
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Cost to run a workshop in the cloud
Case study: QGreenland Workshop

+

Standing up own hub for 1 month

$4500 for hub

$75 in cloud credits

Science experts to advise in constraining 
hub needs

2-4 work weeks - Build and maintain hub

With CryoCloud

$75 in cloud credits

2 hours to 2 work days - Science 
and/or tech experts to advise on 
user & infrastructure needs

Shared resource community 
model – expertise and technology



Standing up own hub for 1 month

$4500 for hub

$75 in cloud credits

Science experts to advise in constraining 
hub needs

2-4 work weeks - Build and maintain hub
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Cost to run a workshop in the cloud
Case study: QGreenland Workshop

With CryoCloud

$75 in cloud credits

2 hours to 2 work days - Science 
and/or tech experts to advise on 
user & infrastructure needs

Shared resource community 
model – expertise and technology

+



Standing up own hub for 1 month

$4500 for hub

$75 in cloud credits

Science experts to advise in constraining 
hub needs

2-4 work weeks - Build and maintain hub
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Cost to run a workshop in the cloud
Case study: QGreenland Workshop

With CryoCloud

$75 in cloud credits

2 hours to 2 work days - Science 
and/or tech experts to advise on 
user & infrastructure needs

Shared resource community 
model – expertise and technology

+
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Faster – No manual data handling, faster data read-ins

Easy to use, customizable – same software as on personal computer

Collaboration made easy – co-coding, shared tools

Eliminates technology bottlenecks – shared challenges

No software expertise needed – cloud-computing as a service

Self-sustaining ecosystem generated once have a 
critical mass of experts who drank the coolaid 
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Data not in the cloud or cloud-optimized formats

Boundaries of what a community is

Imagining new social and logistical structures

 - Models for contributing to sustain the infrastructure and costs

 - Interconnection between computing systems

Ongoing challenges

ChatGPT



Vision for the future
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Intellectual generosity 

Intellectual humility 

Right to participate in science

Everyone deserves to be treated with dignity and respect

Open science values
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open.science.gov

http://open.science.gov/


Avoid vendor lock-in

Guiding practices
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Active engagement of scientific 
community in building new 
community models

Evaluate 
actions

Implement

Assess needs 
and resources

Choose effective 
tools,standardsCollaborate

Communicate

ChatGPT



Driving social and technological innovation forward
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Open science as a process, not a product
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Interconnected systems
Interconnected researchers



Thank You!

@tsnow03 tsnow@mines.edu@TashaMSnow 66

tsnow03.github.io

cryointhecloud.com

http://cryointhecloud.com/

