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Status Quo
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Challenges

Q. Hard to find the right data
|¥ Increasing workflow complexity

|~ Increasing data amounts
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What are FAIR Digital Objects?

e Digital Objects (DOs) optimized for DO’s
M2M actionability i Bit Sequence

Content
e Includes data, metadata, S
documents, software DO’s
e Concept of specifications driven by Metadata
international & interdisciplinary —
3
working groups Operations
, "—\\ - DO’S L
FAIR DIGITAL OBJECTS \‘/ =\; FORUM [Wittenburg et al., 2019] Persistent Identifier
N&GF

https://fairdo.org/
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https://fairdo.org/
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Imagine FDO as DO with a “Passport”
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FDO-readiness of CMIP6 Data”

Communities My dashboard
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SySt e l I I a t I C re V I e W ro l I l Cesiwace Centre of Excellence in Simulation of Weather and Ciimate in Europe

researcher perspective: o

Strategy and Requirements for FDO-Standard in Simulation-based Climate Science -
Milestone M3.1
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Introduction

Climate science relies heavily on the effective management, sharing, and analysis of massive

and diverse datasets. As the digital landscape evolves, there is a growing need to establish a

. . 0 framework that ensures FAIRness (Wilkinson et al. 2016) in handling digital objects related to

o E n CO u ra ge C rOSS_d I S CI p I I n a ry climate research. Especiall hine-to-machine (M2M) actionability of digital objects will be a
crucial step towards future artificial-intelligence (Al) assisted workflows. According to the

vision of the FDO forum “the global integrated data space will be populated by standardized,

autonomous and persistent entities, which contain the information needed about different

h ? kinds of digital objects, to enable both humans and machines to Find, Access, Interoperate, and

re S e a rC . Reuse (FAIR) these digital objects in highly efficient and cost-effective ways”'. FAIR Digital
Objects (FDOs) are encapsulations of data and their metadata made findable and accessible via

Persistent Identifiers (PIDs) in a way that data and their context will remain a complete unit as

tha CNN trauale thranah avharenana and tima (Na Cmadt at al 2090\ Thau ranracant

Files (1.7 M8) ©
Name Size 1§ Download all

ESIWACE3_Milestone_3.1.docx.pdf
m 1006524 @

1.7MB @ Preview & Download

* 6" Phase of the Coupled Model Intercomparison Project [Kuliike et al., 2023]
[Eyring et al., 2016; Petrie et al., 2021]
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O 8 nhttps://handie-esgf.dkrz.de/Ip/21.14100/02c6b729-1116-4131-a8: a4df
CMIP6 Data Information View WCRP.&CMIPS ESGF
e
mpr_day_MPI-ESM1-2-
I n a e LR_historical_r11i1p1f1_gn_18700101-18891231.nc
General Information

Checksum (SHA256)

Data access
esgraaiczdo s ez oM TeSenver ips /CMIPMPL-MWMPLESM1-2-LRUistorcl
JFpA11/day/prignv20210901or day MPHESM1-2-
LR_nistorica_r111ptf1_gn_18700101-18891231.00 (oo ]
esgr-catal in.gov itp/esgt-
oS50 _cata/GMIPB/CMIP/MP1-MIMPLESM1-2-LRistorkali 1 1pifi/day/pr
JGnV20210901/pr_day MPLESM1-2-
LR_nitorica_ri 1 ptf_gn_18700101-18891231.0 o=
. eagle.alctanlgov hitp:/ | data/CMIPE/C) MM
[ ] ESM1-2-LR/mistoricali 111p111/day!pr/gn/v20210901/pr_day_MPI-ESM1-2-
[ ) LA itrca 111p111_gn 18700101 1889123110 -]
[ ]
The file is part of the following aggregation(s) -
Anistoricalr! naiz1
. (@stasen)
etween meaningrul names
[3]: xarray.Dataset
Dimensions: (time: 7305, bnds: 2, lat: 96, lon: 192)

v Coordinates:

e Obstacle 2: PID profile does mm e

lon (lon) float64 0.0 1.875 3.75 ... 356.2

v Data variables:

not contain variable info

lat_bnds (lat, bnds) float64
lon_bnds (lon, bnds) float64
pr (time, lat, lon) float32

v Attributes:

CDO: Climate Data Operators version 2.0.0rc2 (https://mpimet.mpg.de/cdo)
Conventions : CF-1.7 CMIP-6.2
activity_id : CMIP

NetCDF header of same dataset
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Accessible & Interoperable

Precipitation in kg m-2 s-1

o
hdl1:21.14100/0163da97-35d1-387c-a51b-0d12fc4d3b24 | , o e 400004
:": i i '%- ‘ﬁ“‘z*n 3 ,; - 3.0008-4
notebook i % T TS . W
CMIP6 DOs are machine accessible T . -t ot
and to a large extend interoperable Ry

Reusable
software: Xarray rfﬂm
CMIP6 DOs have history attribute -

with sporadic provenance record }
input: tas_day_MPI-ESM 1-2-LR _historical_r10i1p1fl_gn_19500101-19691231.nc operator:visualization
- Adopt PROV data model
[Belhajjame et al., 2013] attribute: variable tas ‘L

output: plot.html
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https://gitlab.dkrz.de/data-infrastructure-services/fdo/-/blob/master/automated_data_access_improved.ipynb?ref_type=heads

How can FDO Concept help?

N4
B8 Enrich data PID profiles INTAKE

& Data catalogs as FDOs |-|:@| STAC; a

Asset Catalog

®

222 Break down jargon barriers == DTR

—API

EOSC Data

Type Registry
redeosc.eu
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Use Case: Apply FDO Concept to ESM Data

e 1 PB high-res ESM data derived
from nextGEMS project?!

s N eXt
« Stored on HEALPix grid? 2> ‘. o’ G E M S
allows hierarchical output and

horizontal chunking

Publish Intake / STAC catalog at o W DC
q WDCC3 with persistent identifier C I_l MATE

1 https://nextgems-h2020.eu/
2 https://healpix.sourceforge.io/
3 https://www.wdc-climate.de/
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Thank You!

Wittenburg, P.; Strawn, G.; Mons, B.; Bonino, L.; Schultes, E. Digital Objects as Drivers towards Convergence in Data Infrastructures; EUDAT: Helsinki, Finland, 2019.
https://doi.org/10.23728/b2share.b605d85809ca45679b110719b6c6¢cb11

References

Eyring, V., G. A. Meehl, C. A. Senior, B. Stevens, R. J. Stouffer, and K. E. Taylor. 2016. “Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6) experimental design and organization.” Geoscientific
Model Development 9:1937--1958. https://doi.org/10.5194/gmd-9-1937-2016

Petrie, Ruth, Sebastien Denvil, Sasha Ames, Guillaume Levavasseur, Sandro Fiore, Chris Allen, Fabrizio Antonio, et al. 2021. “Coordinating an operational data distribution network for CMIP6 data.” Geoscientific Model
Development 14:629-644. https://doi.org/10.5194/gmd-14-629-2021

Kuliike, M., Peters-von Gehlen, K., & Anders, I. (2023). Strategy and Requirements for FDO-Standard in Simulation-based Climate Science - Milestone M3.1. Zenodo. https://doi.org/10.5281/zenodo.10423391

Belhajjame, K., R. B'Far, J. Cheney, S. Coppens, S. Cresswell, Y. Gil, P. Groth, et al. 2013. “PROV-DM: The PROV Data Model.” Edited by L. Moreau and P. Missier. W3C.
https://www.w3.0rg/TR/2013/REC-prov-dm-20130430/

Q

Funded by the European Union. This work has received funding from the European High Performance Computing Joint Undertaking (JU) under grant agreement
No 101093054.

esiwace

(ULATION OF W RoPE

-neosc | FAIRCORE4EOSC

Core Components Supporting a FAIR EOSC

MR NFDIsEarth

Funded by Deutsche Forschungsgemeinschaft (DFG, German Research Foundation) project number: 460036893

Marco Kuliike et al., 17.04.2024 Sharing is

encouraged


https://doi.org/10.23728/b2share.b605d85809ca45679b110719b6c6cb11
https://doi.org/10.5194/gmd-9-1937-2016
https://doi.org/10.5194/gmd-14-629-2021
https://doi.org/10.5281/zenodo.10423391
https://www.w3.org/TR/2013/REC-prov-dm-20130430/

