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Project Motivation —Open Data Access
Expectations

* Evolving community open access expectations have led to data
management requirements from funding agencies and publishers

* Data management requirements for simulation output, however, have not
been clear
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Project Motivation -What to do about model data?

We know the answer is not “preserve all the
data/output for all projects”

*Too expensive due to large data volumes
*Not all model outputs are relevant to the research topic
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Project Motivation -What to do about model data?

RCN Project -Bring together a diverse group of modeling
experts to develop simulation output preservation guidance:

1. Develop a rubric to guide researchers in determining
what model output to preserve and share to
communicate knowledge

2. Refine rubric with extensive set of use cases

3. Disseminate best practices document to broader
community
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Project Activities -Workshops

Workshop #1 - May 5-8, 2020 - 45 participants
Workshop #2 - Aug. 3- 6 2020 - 40 participants

 Participants:
» Experienced modelers from a wide range of disciplines
» Data and technology experts
e Publishers, editors
* Inclusion of advanced graduate students and early career scientists
* Develop draft rubric
* Develop draft use cases according to rubric score
* Discuss challenges in achieving simulation workflow components
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Project Engagement

Conferences:

. AMS (Town Halls), AGU, EarthCube

. Earth Science Information Partners (ESIP) Meeting

. Community Earth System Model (CESM) Annual Meeting
- NASA Physical Oceanography DAAC Users Meeting

.- US CLIVAR Inter-Agency Group Meeting

. Coalition for Publishing Data in the Earth and Space Sciences
(COPDESS)

Collaborations:

- AGU Publishing, AMS Publishing
. Use of rubric by institutions (e.g., NCAR) and industry (e.g., AER)
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Rubric Overview

Doug Schuster
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Rubric -“What Model Output to Preserve?”

To assist a researcher in determining what
simulation outputs should be deposited in a
trusted community repository to communicate
knowledge.
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-What to preserve and share for all projects?

Open science expectations for simulation based research. Frontiers in Climate,
2021. https://doi.org/10.3389/fclim.2021.763420

barriers:

platform
Initialization 1 Isssoceasta Simulation Post s§ele|ct:d
and Forcing pc o 3 Configuration Processing v'v'g:‘ k?l ")3:‘
Data i and Code Code
[ Outputs

Preserved in a

Actively maintained code hosted in a collaborative development

https://modeldatarcn.github.io/

Snapshot of code and configuration used to support researc
findings archived in a community software preservation

community data repository community data
repository repository
Data provider Researcher
responsibility responsibility

Preserved in a

oroprietary code/data, where to deposit data?, cultural resistance
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Rubric Structure

Simulation Descriptor Theme
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Rubric Structure

Simulation Descriptor Theme

Big Picture
Question

https://modeldatarcn.github.io/
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Rubric Structure

Simulation Descriptor Theme

Simulation Descriptors

Big Picture
Question : Descriptor
Descriptor . eg-
definition
5 5 /%"‘( ®
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Rubric Structure

Simulation Descriptor Theme

Big Picture
Question

Simulation Descriptors

Simulation Descriptor Classes

Descriptor

Descriptor
definition

Class 1

Class 2 Class 3

Preserve less output Preserve some output | Preserve more output

https://modeldatarcn.github.io/
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Cost

Is it more costly to rerun a full simulation workflow or preserve model
output products in a community repository?

https://modeldatarcn.github.io/ NS % EARTHCUBE
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Cost

Is it more costly to rerun a full simulation workflow or preserve model
output products in a community repository?

Simulation Descriptor Themes:
e Cost of Running Simulation Workflow
o What is the cost to produce your simulation workflow outputs?

https://modeldatarcn.github.io/ W % EARTHCUBE
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Cost

Is it more costly to rerun a full simulation workflow or preserve model
output products in a community repository?

Simulation Descriptor Themes:
e Cost of Running Simulation Workflow

o What is the cost to produce your simulation workflow outputs?
e Repository Data Management Services Cost

o What is the cost for you to archive the output in a community repository to
preserve and provide access to your simulation workflow outputs for a
minimum period of time?

https://modeldatarcn.github.io/
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Section Theme: Cost of Running Simulation Workflow

Big Picture
Question

What is the
cost to
produce your

simulation
workflow
outputs?
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Section Theme: Cost of Running Simulation Workflow

Big Picture
Question

Simulation Descriptors

Simulation Descriptor Classes

Descriptor

pesclipton definition

Class 1 Class 2 Class 3

Preserve less output Preserve some output | Preserve more output

What is the
cost to
produce your
simulation
workflow
outputs?

https://modeldatarcn.github.io/
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Section Theme: Cost of Running Simulation Workflow

Big Picture

Simulation Descriptors

Simulation Descriptor Classes

Question | poceriptor | DESCrIPtOr Class 1 Class2 | Class 3
defi N ition Preserve less output Preserve some output | Preserve more output
High
Computational The economic cost Smalll col\rﬂoﬂtearﬁ:;al computational
What is the |Cost of Running|(combination of run time : P cost. Need a
. : computational cost|cost, but access
cost to the Simulation | and computer access and no special o needed large and /or
Workflow costs) of completing atform rF:ee ds latforms specialized
produce your simulation workflow P str:i AV compute
simulation 9 capability...
workflow
outputs?
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Section Theme: Cost of Running Simulation Workflow

Big Picture

Simulation Descriptors

Simulation Descriptor Classes

Question | poscriptor Descriptor Class 1 Class2 | Class 3
defi N ition Preserve less output Preserve some output | Preserve more output
High
Computational The economic cost Smalll col\raoﬂfarﬁéial computational
What is the |Cost of Running|(combination of run time : P cost. Need a
the Simulation | and computer access eI .COSt St [l Eleizist: large and /or
cost to Workflow costs) of completing Gl TSR] (sl specialized
) . platform needs platforms
pr qduietyour simulation workflow o ng?bp”lijtt;
simuiation
Human Resource Trivial effort Significant time &
WOI‘kf low cost of Person hours required to required to expertise
outputs? producing the | reproduce a simulation replicate required to
simulation dataset simulation for most replicate
workflow end users simulation...

https://modeldatarcn.github.io/
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Section Theme: Repository Data Management Services Cost

Big Picture
Question

Simulation Descriptors

Simulation Descriptor Classes

Descriptor

R clptor definition

Class 1 Class 2 Class 3

Preserve less output Preserve some output | Preserve more output

What is the
cost for you
to archive the
output in a
FAIR aligned
community
repository..?

https://modeldatarcn.github.io/
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Section Theme: Repository Data Management Services Cost

Big Picture

Simulation Descriptors

Simulation Descriptor Classes

Question Descriptor Descriptor Class 1 Class2 | Class 3
initi Preserve less output Preserve some output | Preserve more output
definition
. Would be
What is the Community inexpensive to
COStf O_r you The economic cost of | repository data (;l:)rr?]telé?ee
to archive the Repository curating simulation  |curation expenses simuIF;tion
output in a | Supported Data | output in a community |are prohibitive due e
FAIR Curation Cost |repository, for a minimunito large volume of v outp
) : for a minimum
; time period. the expected number of vears
community model outputs. . yee
repository..? U Gl
repository.
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Rubric -Simulation Descriptor Themes

* Community Commitment - s it anticipated that your simulation workflow
outputs will have broad community impact and downstream reuse?

* Research Workflow Accessibility - Would it be reasonable to expect others in
your academic discipline to rerun your full simulation workflow?

* Data Accessibility - Would it be reasonable to expect others to access and use
simulation workflow outputs?

* Research Feature Reproducibility - Are physical features generated by a
simulation reproducible?

* Cost - Is it more costly to re-run a full simulation workflow or preserve model
output products in a FAIR aligned repository?

https://modeldatarcn.github.io/ w % EARTHCUBE
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Rubric -Total Score of Descriptor Section Themes

Rubric Total Raw Score. 1 Rubric Total Weighted 1
(Min=17, Max=51) Score. (Min=17, Max=90)
Rubric Total Weighted 48 <= Rubric Total 72 < Rubric Total
Score <48 Weighted Score <= 72 Weighted Score
Preserve few simulation Preserve selected Preserve the majority of
workflow outputs simulation workflow outputs | simulation workflow outputs
Preserve and provide Preserve and provide Preserve and provide
access to simulation access to simulation access to simulation
workflow configuration and | workflow configuration and | workflow configuration and
code components code components code components
See Use Case 1 See Use Case 2 See Use Case 3

https://modeldatarcn.github.io/



https://modeldatarcn.github.io/

Reference Use Cases and Emerging ldeas

Matt Mayernik



Reference Use Case Examples -Use Case 1

Preserve Few Simulation Workflow Outputs (Score < 48)
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o Semi-idealized WRF-ARW-based numerical simulations of tropical
cyclones over land.

o |dealized Process Study — Goal is knowledge production

O Preserve and share: input data and simulation configuration and
codes
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Reference Use Case Examples -Use Case 2

Preserve Selected Simulation Workflow Outputs (48 <= Score <= 72)
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-or- “=arron-uemand convection-allowing ensemble forecast system
o Preserve and share: input data, simulation configuration and codes, a portion
of the processed model output
o Important environmental fields are saved in the form of “summary files”, which
are a fraction of the raw output

https://modeldatarcn.github.io/
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Reference Use Case Examples -Use Case 3

Preserve the Majority of Simulation Workflow Outputs (Score > 72)

° Modellngammonla in the atmosphere
o Use input obs from NASA/NOAA and a series of model steps to produce

ammonia emission profiles. Goal is data production
o Preserve and share: simulation configuration and codes, and processed model

output related to ammonia

v
https://modeldatarcn.github.io/ ‘i %’ ) EARTHCUBE



https://modeldatarcn.github.io/

Use Case Compilation

How do scientists make decisions about what data/files to deposit in
a data repository?

Went through use case template with 9 members of NCAR staff who
have deposited data in a repository previously

High level takeaways
- Main purpose for depositing data - To fulfill publisher requirements

Other purposes - to provide data for some community, reduce work for
others (for complex models)
Data collections varied considerably - Some were long lists of a single file
type of the same size, others included multiple file types of varying sizes
Rubric score generally was consistent with their choices about what to
deposit in the repository

Collaborator: David Eby (University of Denver / University of
Illinois at Urbana-Champaign)
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Use Case Outcomes - Varying Practices

1. Input data - little consistency in whether people include input data in
their data collection or not

2. Software - varying practices about whether software are shared.
It was more common for model code to be openly available than
pre/post processing code

3. Model outputs - it was more common for people to have deposited
some subset of their model output, vs. depositing everything.

4. Documentation - documentation is commonly missing, or highly
variable in extent.

Collaborator: David Eby (University of Denver / University of
Illinois at Urbana-Champaign)
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Open science expectations for simulation based research.
Frontiers in Climate, 2021.
https://doi.org/10.3389/fclim.2021.763420

Initialization
and Forcing
Data

Actively maintained code hosted in a collaborative development

Preserved in a
community data

repository

Data provider
responsibility

platform
Beetrocensh Simulation Post i
pCo de 9 Configuration Processing
| and Code Code I

Snapshot of code and configuration used to support research
findings archived in a community software preservation
repository

Selected
Simulation
Workflow

Outputs

Preserved in a
community data

repository

Researcher
responsibility

32
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Replicability vs. Reproducibility

* The primary goal in earth science is replicability, not computational reproducibility. [1]

* Provide enough information about the workflow and selected derived outputs to
communicate the important environmental characteristics to allow a future researcher
to build off of the original study.

* For highly nonlinear simulation studies, computational reproducibility should not be
expected, nor is it needed. Findings that only work when bit-reproducibility is needed
are problematic for others to build on. [2]

[1] National Academies of Sciences, Engineering, and Medicine. (2019).

Reproducibility and Replicability in Science. Washington, DC: The National Academies

Press. https://doi.org/10.17226/25303

[2] Bush, Rosemary, A. Dutton, M. Evans, R. Loft, and G.A. Schmidt. (2020).
“Perspectives on Data Reproducibility and Replicability in Paleoclimate and Climate

Science.” Harvard Data Science Review, 2(4). @ %’ ) EarrnCun
https://doi.org/10.1162/99608f92.00cd8f85 e
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How should preservation of model software and
outputs differ for projects that are oriented
toward knowledge production vs projects oriented
toward data production?

(2)
DATA

Data Public data PRODUCTION

ingestion access

F2.Archive &

Compliance data access

Map to checks
standards

E2.Repository
D2.Data

data system
C2.Data Packaging
C1.Targeted

assembly &
metadata Feed-back
E
Figure from: _
. data cleaning
Baker, K.S. & Mayernik, M.S. (2020). _ D1.Data
interpretation
Disentangling knowledge Elabios
gling g St analysis & figures F1.Journal
organizing

production and data production. publication

Data
Ecosphere, 11(7).

https://doi.org/10.1002/ecs2.3191

A.Data B.Data
collecting processing

(1)
KNOWLEDGE
PRODUCTION
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Interdependency with Technologies

* Improved technological capabilities, including cloud storage, are critical to dealing with
model data, but they do not solve all data preservation needs.

* Without data stewardship and curation, cloud storage is nothing more than a modern
version of “anonymous FTP”.

e Packages like Jupyter are good for transparency and reproducibility but not good for

curation.
e Without investment in data curation personnel, the potential benefits of improved

technological capabilities will not be realized.

(\(\.\.
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What curation support is needed to enable
sharing and preservation for geoscience
simulation models and their output?

Researchers are currently spending a significant portion of their own time dealing with
data curation.
The ecosystem of community repositories to support Atmospheric Science is sparse.
We need a coordinated effort to fund personnel to assist researchers in data curation, as
well as investment in the needed repository preservation and stewardship services.
Potential ways forward [3]:

o 1) augment existing geoscience data repositories to scale up their capacity

o 2)identify non-specialized data repositories that fulfill open access objectives

o 3) develop a data repository liaison service

o 4) create new data repository services

[3] Mayernik, M.S, D. Schuster, S. Hou, & G.J. Stossmeister. (2018). Geoscience Digital Data Resource
and Repository Service (GeoDaRRS) Workshop Report, NCAR/TN-552+PROC. Boulder, CO: National

Center for Atmospheric Research. https://doi.org/10.5065/D6NC601B



https://doi.org/10.5065/D6NC601B

What cultural barriers impede geoscience
modelers from making progress on these topics?

Researchers need to be rewarded for collaboration, not data/software hoarding.
Reward good data and software sharing practices in addition to good publications.
Withholding data and software perpetuates inequalities and limits scientific
opportunities.

Equity issues in preventing access to data and software for other people who can'’t
compile the data themselves (not enough storage or network bandwidth) or who don't
have existing relationships with the authors of an article.

https://modeldatarcn.github.io/ w % EARTHCUBE
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Emerging ldeas Summary

® Research that is primarily oriented toward “knowledge production” should preserve
minimal model output in repositories. “Data production” oriented research should
include appropriate resources to support anticipated data preservation and
community data access needs.

e A coordinated effort is needed to support personnel to assist researchers in data and
software curation, as well as investment in the needed repository preservation and

stewardship services

e Cultural barriers impede modelers from embracing open software and open data

https://modeldatarcn.github.io/ W % EARTHCUBE
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Next Steps https://modeldatarcn.github.io

e Complete this workshop
® Engage publishers, sponsors, and professional societies
e Publish outcomes

https://modeldatarcn.github.io/
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Workshop Breakout Themes

Breakout #1: Sustainable Curation -How do you resource curation and ensure
long term usability?

Breakout #2: Determining Lifetime for Simulation Data

Breakout #3: Carrot vs Stick: Incentivizing Data and Software Preservation and
Sharing

Breakout #4: Equitable access to data and software curation resources

https://modeldatarcn.github.io/
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