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One Geoscience: Providing FAIR global Access to
all Geoscience Data - are we there yet?
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We acknowledge and celebrate the First Australians on whose traditional lands
we meet and pay our respect to the Elders past and present.
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NncL.org.au Gadi - "to search for" in Ngunnawal language - January 2020 for NCI Gadi Supercomputer 2
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NCI Abstract

Geoscience deals with all fields of natural science related to understanding past, current and future states of the
Earth and the terrestrial bodies. Geoscience has many sub-disciplines that have strong roots in other sciences such as
chemistry, physics, geography, biology and mathematics. Each sub-discipline generally works in isolation and is
governed by different science unions, societies and associations. Datasets generated by each are diverse, complex
and heterogeneous: few fully comply with the FAIR principles. Hence it is hard to integrate datasets both within and
across each sub-discipline. To enable efficient integration of geoscience data to effectively contribute to societal
grand challenges will require conformance to agreed international standards and compliance with FAIR.

The first attempt at international digital integration of data within one of these sub-disciplines was OneGeology,
which in 2008 harmonised geological map data globally. More recently, OneGeochemistry is emerging as a fledgling
effort to unify geochemical data across multiple sample types and analytical techniques in the geochemical domain.
Geophysicists have not yet taken up the call for OneGeophysics but the potential is there.

Rather than developing standards completely within each sub-discipline, a more holistic approach is to leverage the
Observation, Measurement and Samples (OMS) Standard (IS0 19156: 2023) and break down the standards and
vocabularies required into modules based around the feature of interest, instrument, procedures, event, place,
properties value, result, etc.

This presentation will highlight potential ways to use OMS to accelerate development and convergence of standards
and vocabularies required to enable OneGeoscience to become a reality.
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NClI OneGeoscience: Providing FAIR global access to all
Geoscience data - are we there yet?

This talk is about Science and in increasing need to share data to enable
new and better science

Set the scene: what is science?
Then and now - what is driving change?
OneGeology

1)
)
)
) OneGeophysics
)
)
)
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OneGeochemistry
Geosciences beyond the boundaries
What are our priorities?
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NClI Setting the Scene: We are in a great time of change:

AUSTRALIA

What can we learn from history?

Thoce who cannot remember
the pact are condemned to
repeal it.

George Santayana

e: https://upload.wikimedia.org/wikipedia/commons/2/2a/George_Santayana.jpg



https://upload.wikimedia.org/wikipedia/commons/2/2a/George_Santayana.jpg

NCl' Who am 1?

® | was bornin the first half of the last century in the reign of King George VI.

® Asan undergraduate in the late 1960’s, computers were something in the
postdoc/advanced research sections of the Physics department.

® The internet did not exist (neither did EXCEL): it was pen, paper and typewriter.

® There were no computer science departments: there was something called “Applied
Mathematics”.

® University science courses taught science and nothing else.
® My formal training is in research science (geochemistry and mineral systems)

e Today, | would be called a “Data Scientist”




NCl so what is a Data Scientist?

Computer
In my beginnings there were no data scientists - there were Data Science
nerdy scientists who cared about data, but there Scientist
were no cheap tools to manage or store it. Data
As the data deluge increased, computer experts were brought Analyst

in to help researchers manage and process their data: they had
no discipline knowledge.

The majority of researchers had no data/computer science skills.

Chaos ensued until it was recognised that there was something in the

middle: researchers who understood data, and computer scientists with _ ,
RT . . . https://www.datascience-

some discipline expertise - the data scientist was born. pm_.com/data-analyst-vs-data-

scientist/

To me a data scientist is, and always sits, at the crossroads of science and
computer science



https://www.datascience-pm.com/data-analyst-vs-data-scientist/

Infarmation Retrieval

Ngl! COdd,S 1970 Seminal Paper On Relational A Relational Model of Data for
Database Management Systems Large Shared Data Banks

E. F. Coon
TBM Research Laboratory, San Jose, Colifornia

Future: wsers of lorge dofo baonks mest be profected from
having to keaw how the doba is ongaonized in the mochine (the
intermal repressntationl. A prompling service which supplies
such infermation is not o sotisfociory soluticon. Adtivities of usens
at terminals ond most opplicotion programs should remain
unaffected when the internal representation of data is changed

1. Future users of large data banks need to be protected v s s e f el et

are changed. Chonges in dato represeniation will offen be

from having to know how the data is organised in the ot Tt o e o e et
. . . with tres-strechred files or dightly more general network
machine (the internal representation). pgrleer Tk g sgarb gt
form for data base reloficrs, and the concept of o univenal
o :"’.’.:“:.;TM"’E“‘;.‘L:. ] oo donnd

2. Activities of users at terminals ... should remain unaffected et v

in the uier's madal

when the internal representation of data is changed. e S I T T

3. Changes in data representation will often be needed as a
result of changes in query, update....and natural growth in  Retionat Mot e Neemt Form
the types of stored information. This o ssrned vith th spplision of .

mentary redation theory to systems which provide shased
acciss to lurge banks of formatied data. Except for & paper

Codd, E. F, 1970. A Relational Model of Data for Large Shared Data Banks. Communications of :';E_EE'E,L’i;;':,“;’;“;,‘j:fi:2‘;‘;1:&::_3‘1,‘:22;‘1;‘;;::
the ACM Volume 13 Issue 6, June 1970 pp 377-387 https://doi.org/10.1145/362384.362685 b e P provide s oo o work

I mtltruuh the problems trested hore are thoss of data
the independ of application programs

and !gruunal sctivities from growth in data types and
chmlaﬂ dats anwmm —nnd certain I-.Lrud,s c-r dm



https://dl.acm.org/toc/cacm/1970/13/6
https://doi.org/10.1145/362384.362685

NCI Whatis a scientist?

AUSTRALIA

o A true scientist is one whose data and conclusions can
be independently verified

o Therefore, input artefacts (samples, software, data,
algorithms, etc) need to be transparent, open and
accessible so we can validate the both the data and
then assess the conclusions

https://upload.wikimedia.org/wikipedia/com
mons/thumb/3/3e/Einstein 1921 by F Sc
hmutzer - restoration.jpg/1280px-
Einstein 1921 by F Schmutzer -

restoration.jpg



https://upload.wikimedia.org/wikipedia/commons/thumb/3/3e/Einstein_1921_by_F_Schmutzer_-_restoration.jpg/1280px-Einstein_1921_by_F_Schmutzer_-_restoration.jpg

AUSTRALIA

Then and now:
What are the greatest changes | have seen?
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NCI Our science today needs to address societal needs and
contribute to grand challenges for sustaining our planet
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https://sdgs.un.org/goals
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To solve Global Grand
Challenges, we need to
collaborate internationally
on data

Our Research is increasingly reliant on International collaborations

Author lists on research publications show a shift towards multinational
teams; fewer teams are composed entirely of researchers from one country.

Proportion of papers
M Multinational M Domestic Single author

100

60 - M

40

0
1950 1960 1970 1980 1990 2000 2010

@enature

Monastersky, R., and Van Noorden, R., 2019. 150 years of Nature: a data graphic charts our evolution.
Nature, 575(7781):22-23. https://doi.org/10.1038/d41586-019-03305



https://doi.org/10.1038/d41586-019-03305

NCI In the 1980’s & 1990’s storage and memory were expensive

e In 1980 storage was ~S1M per

Historical cost of computer memory and storage
glga byte: efﬁCienCy was keyl This data is expressed in US dollars per terabyte (TB). It is not adjusted for inflation.
e Controlled vocabularies: 100 trillion $/TB
» Were critical to efficient
storage, 1 trillion $/TB
V4

» Kept the data clean: helped
those geologists who could not
spell (i.e., 90%!!!)

e Around the turn of the century, | -
joined the international 1 million $/78
GeoSciML project: worked on key

10 billion $/TB

100 million $/TB

T . 10,000 $/TB

vocabularies, including rock Mermory

types ' 100 $/TB gloaﬁc? state
Disk

1956 1970 1980 1990 2000 2010 2022

httpS:”OUfWOl'ldindata.orgftEChnOlOgical'Change Source: John C. McCallum {2023) OurWorldInData.org/technological-change + CC BY

Note: For each year, the time series shows the cheapest historical price recorded until that year.


https://ourworldindata.org/technological-change
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NClI What Does More Computational Power Mean to our Science?

AUSTRALIA

2019 Version

Increase Model Complexity
Monte Carlo Simulations, ensemble runs

Increase Model Size .
Timescale

Use longer duration runs: use

Single passes at larger scales:
more and shorter time intervals

more ensemble members

Based on European Climate Computing Environments, Bryan
Lawrence
hitp://home.badc.rl.ac.uk/lawrence/blog/2010/08/02 )

AN
v

Petascale

. Exascale
Increase Data Resolution

Use higher resolution data

Speed up data access
Self describing data arrays and data cubes



https://www.bnlawrence.net/environment/2010/08/hpc_futures_-_part_one/

NCI The "Power of the Picture” has
dominated since 1815

« The view/image/picture of data was key and
for a long time has been the main means of
communication of scientific data.

« This has been dominant in geoscience since
William Smith’s first geological map in 1815.

. Itis all about ‘Human readable” and has

been since 1815.

https_://(_aa[thobserv'étdrv. n



https://earthobservatory.nasa.gov/images/8733/william-smiths-geological-map-of-england
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https://hazen.carnegiescience.edu/research/mineral-network-analysis

NCl With each generation, we adapt new technologies to more data

AUSTRALIA

6th assessment
2020

5t assessment
2013

4th gssessment
2007

3rd assessment
2001

Cloud Computing

EEEEEEEEEEEEEEEEEEEEEEEE




NCl The NASA Processing Levels LO-L4:
progressing from raw instrument data
to multiple derivative products

L4 RaW n Stru me nt d ata . Source of Graphic: https://earthobservatory.nasa.gov/blogs/earthmatters/2015/04/29/elusive-
earthquake-imagery/

e LO = Reconstructed, unprocessed instrument data at full resolution.

e L1 =10 data time-referenced, annotated & processed to sensor units.
e L2 = Derived geophysical variables at the same resolution.

e L3 =Variables mapped onto uniform space-time grid scales.

e L4 = Model outputs or results from analyses of lower-level data.

Source: https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels



https://earthdata.nasa.gov/collaborate/open-data-services-and-software/data-information-policy/data-levels
https://earthobservatory.nasa.gov/blogs/earthmatters/2015/04/29/elusive-earthquake-imagery/
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NCI Scaling up MT time series processing

The MagnetoTellurics time series data publication (MTtsdp) codes: https://github.com/nci/MTtsdp

Processing Levels Name Description
Packed Raw Data Raw Time Series Telemetry data streamed from site loggers
Level 0 Edited Time Series Time ordered instrument recorded datg (e.g., raw voltages, counts) at full
resolution
Level 1 Transformed Time Series Level 0 data that have begn transformed (e.g., callbratgd, resampled,
rotated, had noisy data removed, filters applied).

Derived frequency domain Geophysical parameters (e.g., impedance tensors) derived from

Level 2 L , :
processed data frequency domain time series processing of Level 1 data

Derived modelling inputs Level 2 parameters converted into input files for modelling and inversion

Level 3 . . ) :
and outputs algorithms with outputs mapped onto space-time grids.

Rees, N., Evans, B., Heinson, G., Conway, D., Yang, R., Thiel, S., Robertson, K., Druken, K., Goleby, B., Wang, J., Wyborn, L. & Seillé, H., 2019. The Geosciences DeVL Experiment: new information
generated from old magnetotelluric data of The University of Adelaide on the NCI High Performance Computing Platform, ASEG Extended Abstracts, 2019:1, 1-6, DOI: 10.1080/22020586.2019.12073015



https://github.com/nci/MTtsdp
https://dx.doi.org/10.1080/22020586.2019.12073015

NCI

AUSTRALIA

The greatest impact is the

Edited Time Series
Time ordered instrument
recorded data at full resolution.

NCI developed
parallelised
code for Gadi

NCI developed
parallelised
code for Gad|

BIRRP
EMTF

Packed

Raw Data

Raw Time Series
Telemetry data streamed

ability to use less processed data

Derived Frequency
domain processed data

Geophysical parameters derived
from frequency domain time
series processing of Level 2 data

ModEN

MARE3DEM
OCCAM

Calibrated and/or

transformed Time Series

Level 1 data that have been

calibrated and/or irreversibly
transformed (e.g. resampled,
filtered, noisy data removed)

from site loggers

Level 3 parameters converted into
input files for modelling and
inversion algorithms. The outputs
are mapped onto space-time grids.



NCI

AUSTRALIA

Focus of the 2030 Geophysics Project

Edited Time Series
Time ordered instrument
recorded data at full resolution.

NCI developed y N

parallelised

code for Gacr

Packed

Raw Data

NCI developed
parallelised
code for Gadi

Raw Time Series

Telemetry data streamed
from site loggers

Calibrated and/or
transformed Time Series
Level 1 data that have been
calibrated andjor irreversibly
transformed (e.g. resampled,
filtered, noisy data removed)

Transparently developing your own products

What is normally accessible online

Derived Frequency
domain processed data

Geophysical parameters derived
from frequency domain time
series processing of Level 2 data

MARE3DEM
OCCAM

Level 3 parameters converted into
input files for modelling and
inversion algorithms. The outputs
are mapped onto space-time grids.



NCl Transparent provenance between processing levels

AUSTRALIA

Level 2 Level 3 modelling
processed inputs /outputs
products

Level 1 time
series

Level 0 time
series

Raw
Data




NCI The Turing Way: Reproducibility in the computational era

AUSTRALIA

Historically computationally based research involved an individual using their own data and processing
it on their own private area, often using software they wrote or inherited from close collaborators.

Today’s research is likely to be part of a large
team (could be global) that will;
> use a subset of data from an external

repository or multiple repositories
> Process the data on a public or private
cloud or a large centralised supercomputer
> use a mixture of their own code, third
party software, data services, libraries,
stable global community codes

https://doi.org/10.5281/zenodo.3332807
https://the-turing-way.netlify.app/reproducible-research/reproducible-research.html



https://doi.org/10.5281/zenodo.3332807
https://the-turing-way.netlify.app/reproducible-research/reproducible-research.html

NCI Why is it important?: same data for different purposes

AUSTRALIA

Electrical conductivity is high here, e.g. rock types may be more
conductive (such as shales), or may have mineralisation.

o MT Station

//‘
-
\\ Space weather drives electric
N S ", currents and magnetic fields in
/ \ Earth’s atmosphere that cause GIC

GeomagneticLlIy
induced current (GIC)

Power plant

https://www.youtube.com/watch?v=I0c7rfaRm6g

Sources: GAO (presentation); Art Explosion (images). | GAO-19-98

https://www.gao.gov/products/gao-19-98



https://www.gao.gov/products/gao-19-98
https://www.youtube.com/watch?v=I0c7rfaRm6g
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NCl  Exascale computing is already a reality in the USA: Frontier

3 OAK RIDGE Sofenci

National Laboratory

News

Frontier supercomputer debuts as world'’s
fastest, breaking exascale barrier

B0

8@ Frontier: Thé World's First E)iag,cale Supercomputer Has A... © ~
§v e r R Watch later | | Share

' AT
\ 1-1EXAFLBRS-

> ITSALSOHEY [T
"WORLD'S FASTERT
SUPERCOMPUTER)\

Watch on £ Youlube il i 4, https://www.ornl.gov/news/ornl-celebrates-launch-frontier-worlds-fastest-supercomputer
I’ 4

https://www.ornl.gov/news/frontier-supercomputer-debuts-worlds-fastest-breaking-exascale-barrier



https://www.ornl.gov/news/ornl-celebrates-launch-frontier-worlds-fastest-supercomputer
https://www.ornl.gov/news/frontier-supercomputer-debuts-worlds-fastest-breaking-exascale-barrier

Cl European Preparation for Exascale

AUSTRALIA

The European HPC ecosystem (pillar 1)

Infrastructure Applications tier-0 (pre-exascale)

(EuroHPC) (CoEs, NCCs) (LT[YI 8 Finland 500 PFlop/s

2 LLETGLN  Italy 330 PFlop/s
+—>
MN-5 Spain 250 PFlop/s

Technology tier-1 (petascale)
(EPI, FET, etc) LEIDALER Luxemburg 15 PFlop/s
LET I E] Txequia 7 PFlop/s 85
Discover Bulgaria 5 PFlop/s 123

Vega Slovenia 4 PFlop/s 140

Deucalio Portugal 10 PFlop/s -

Slide from Arnau Folch, Centre of Excellence in Exascale computing for Solid Earth (ChEESE): https://cheese-coe.eu/



https://cheese-coe.eu/

NCI European Preparation for Exascale

The European HPC ecosystem (pillar1) ol T e, | g
IEEE mtrum FOR THE TECHNOLOGY INSIDER

Q, Type to search

FEATURE COMPUTING

Infrastructure Applications

STl EUROPE GETS AN EXASCALE
QH/_Z SUPERCOMPUTER

Germany will host JUPITER, Europe’s entry into the exascale realm

P P https://spectrum.ieee.org/europe-s-exascale-supercomputer

Technology tier-1 (petascale)
(EPI, FET, etc) UEMAGEN Luxemburg 15 PFlop/s 52

Karolina Txequia 7 PFlop/s 85

Discover Bulgaria 5 PFlop/s 123
Vega Slovenia 4 PFlop/s 140

Deucalio Portugal 10 PFlop/s -

Slide from Arnau Folch, Centre of Excellence in Exascale computing for Solid Earth (ChEESE): https://cheese-coe.eu/



https://cheese-coe.eu/
https://spectrum.ieee.org/europe-s-exascale-supercomputer

NCI  The Australian 2030 Geophysics Collection Project

2030 is an R&D project funded through a collaboration between AuScope, National Computational
Infrastructure (NCI), Terrestrial Ecosystems Research Network (TERN) and the Australian Research
Data Commons (ARDC)

The project seeks to:

a. Make national-scale high-resolution geophysics datasets
suitable for programmatic access in HPC environments;

b. Lay the foundations for more rapid data processing by 2030
next-generation scalable, data-intensive computation including
Artificial Intelligence (Al)/Machine Learning (ML) and
data assimilation.

The project is NOT about building systems for the infrastructures and
stakeholder requirements of today.

Rather it is about positioning Australian geophysical data collections to be capable of taking
advantage of next generation technologies and computational infrastructures by 2030.

Project website: (https://ardc.edu.au/project/2030-geophysics-collections/ )


https://ardc.edu.au/project/2030-geophysics-collections/

NCI What do we know about 2030 computing?

AUSTRALIA

- ‘.
-

e High-end computational power will be at exascale

al
po—

3

— : - ,

e Today’s emerging collaborative platforms will
continue to evolve as a mix of HPC and cloud

" o

iy
Al

b

e Data volumes will be measured in Zettabytes (10%!
bytes), which is about 10 times more than today

e It will be mandatory for data discovery,
accessibility, interoperability and reusability to be
fully machine-to-machine as envisaged by the FAIR
principles in 2016




NCI  HPC has reduced processing times significantly

Testing Parallel 1/0 via NCI-geophys environment on the AusLAMP Musgraves Province time series data:
https://doi.org/10.25914/58gr-1550

Dataset of 93 MT stations Serial I/0 MPI based Parallel 1/O (96 cores)

Level 0: one MTH5/mt_metadata ~ 14 hours ~ 35 minutes
file for all stations

Level 0: one MTH5/mt_metadata ~ 5 hours 47 minutes ~ 4 minutes
file per station

Level 1: one MTH5/mt_metadata ~ 49 minutes ~ 1.2 minutes
file per station

Level 2: one EDI file per station ~ 2 hours 30 minutes ~ 2 minutes



https://doi.org/10.25914/58gr-1550

NCl What are the opportunities of 2030 computing?

AUSTRALIA

1. So often today’s research is undertaken on pre-canned, analysis-ready datasets
(ARD) that are tuned towards the highest common denominator as determined

by the data owner/publisher.

1. By 2030:
* Increased computational power co-located with fast-access storage systems
will mean that geoscientists will be able to work on less processed data levels
and then transparently develop their own derivative products.

* Researchers will be able to see the quality of their algorithms more rapidly:
there will be multiple versions of open source software used as researchers
fine tune individual algorithms to suit their specific requirements.

* We will be capable of more precise solutions and in hazards space and other
relevant areas, analytics will be done in faster-than-real-time.

Wyborn, L., Rees, N., Klump, J., Evans, B., Rawling, T., and Druken, K.: The Known Knowns, the Known Unknowns and the
Unknown Unknowns of Geophysics Data Processingin 2030, EGU General Assembly 2022, Vienna, Austria, 23—-27 May
2022, EGU22-11012, https://doi.org/10.5194/egusphere-egu22-11012, 2022. Landsat-8 image courtesy of the U.S. Geological Survey



https://doi.org/10.5194/egusphere-egu22-11012

NCl 2030 Dirt to Desktop publishing pipelines

Raw data is collected in the field with

internationally standardised metadata Data is transferred to HPC facility as

soon as there is a decent internet
connection

I\
—p PN ——p
"

Level 3 modelling Level 2
Curation and publication: persistent identifiers to help Each MT product is run through Inputs Joutputs processed
enable transparent data management and support community agreed QA/QC
reusability and reproducibility of workflows

products
procedures before publishing

Level 1 time

series
e University of Adelaide Magnetotellurics D:

Level 0 time

series
Download and links

Quality
Assurance
Quality
Control

Detecson

Nigel Rees, Sheng Wang, Ben Evans, Lesley Wyborn, Tim Rawling, Bruce Goleby, Kelsey Druken, & Rui Yang. (2021). Using
the NCI Gadi Supercomputer to revolutionise processing of MT time series data: results from the GeoDeVL experiment.

Australian Society of Exploration Geophysicists Extended Abstracts, Volume 2021, 3rd Australasian Exploration Geoscience H
Conference, Brisbane, 2021. https://doi.org/10.5281/zenod0.7690550

Efficient HPC processing and
modelling pipelines are developed

for different stages of the MT data
life cycle



https://doi.org/10.5281/zenodo.7690550

NCI OneGeophysics

AUSTRALIA

Property Measured
Hyperspectral imaging
- Electromagnetic spectra

Radiometrics
Gamma radioactivity

-
- Magnetics —————— —_—— Magnetic susceptibility
- Gravity —— Density
Distributed Acoustic Sensing (DAS
-€ g_(__l ______ > Strain rate
Active seismic (reflection) oo
-€ - Acoustic impedance
Passive seismic
-€ > Velocity
Active electromagnetics Cond
Magnetotellurics (MT) onductivity
Audiomagnetotellurics (AMT)
Broadband magnetotellurics (BBMT)
Long-period magnetotellurics (LPMT)
Regolith (to 300m) Upper crust Upper mantle
B SE— (1-5 km) (60-150 km)
< roai > > P >
Shallow crust Mid-Lower crust ithosph h h
(0-1km) (5-60 km) Lithosphere-asthenosphere

boundary (120 - 200+ km)

Depth of mining (4km)




NCl Geoscience Data is of two types - Really Big and Long Tail:
but sharing is not usual

The Head:
* Astronomy But either is

« Climate S
- High Energy - ot Share
- Physics e Not Reusable

« Genomics e Not Interoperable

« Geophysics
/‘ The Long Tail:
* Geochemistry

* Chemistry

Number of results
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but sharing is not usual

» Astronomy

_ But either is
« Climate Not Shared
« High Energy ° ot Share
- Physics e Not Reusable
« Genomics e Not Interoperable

Geophysics

* Geochemistry
* Chemistry

Number of results
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Cl Geoscience Data is of two types - Really Big and Long Tail:

AUSTRALIA

{TS NAT FAIR /
I

https://sites.gatech.edu/admission-
blog/2017/05/16/admission-its-not-fair/




NCI Are our data sets really FAIR?

AUSTRALIA

Findable
.

Acce55|ble

4 &

Interoperable

xErq"

Open, free protocol Authe!

ntication,
ssal

FAIR principles published by Wilkinson et al
(2016) The FAIR Guiding Principles for
scientific data management and stewardship.
Sci. Data 3:160018
https://doi.org/10.1038/sdata.2016.18

Data that is Findable, Accessible,
Interoperable and Reusable by humans and
machines

Few realise that much that is described as
fully FAIR compliant is not, because it is

o NOT fully machine readable
o NOT Interoperable or reusable


https://doi.org/10.1038/sdata.2016.18

NCI

AUSTRALIA

¢

Converging infrastructures
iInternationally is not new

Type M

4

Typel

Type A& B

é

TypeC,E&F @ Typel
Type D&M B Typed Type K
Type G B TypeK Gauge ¢ Name *

Type D L‘l.._. Type H . O Typel

o (3
q’ 5 : . 1,000 Metre gauge
' ] L B (3 1t 33 in) g2
Type E Type F Type G Type H Type | Typel:

1,067 mm
(3f6in)

Three foot six inch

gauge

https://www.power-plugs-sockets.com/

Standard gauge

Five foot and
1520 mm gauge

Finnish gauge
Five foot three
inch gauge

Iberian gauge

VFive foot six inch
gauge



https://en.wikipedia.org/wiki/Track_gauge
https://www.power-plugs-sockets.com/

NCI The size of your community counts

AUSTRALIA

The growing need to share data, information
and services across multiple disciplines and
organisations

This requires standards for machine
readability

Increasingly digital data collections need to be
reused and repurposed by much broader
communities

The size of the community that you
interoperate with is as large as the size of the
community that uses your standard

Where possible we need to converge on
international standards



NCI Example: Variety of Analytical Methods

I RALIA

Credit: Kerstin Lehnert

64 analytical methods will be used to study the OSIRIS-Rex returned samples
from space

EMPA Raman XCT VLM QRIS GC-MS LC-MS NanoSIMS SLS

pL*MS FTICR-MS | SS-NMR |GC-C-IRMS, NMR  |MC-ICP-MS| EA-IRMS XRD SEM/FIB-SEM

TEM EBSD/TKD | XANES XPS HR-ICP-MS| SHRIMP LAF TIMS NI-Mi

Q-ICP-MS | FINESSE |NG-NS-MS| ICP-OES GPYC SCBTCA DSC EDS EELS

RI-TOF- DESI-
NanolR S-XRF TGA LA-ICP-MS | NI-NGMS NGMS Orbitrap PCD-AFM PSFD

ARGT SNMS AMS COMPT | SV-RUEC CAPD LIT ARM
ToF-SIMS | CE-MS S-IR

nci.org.au



NC| Common words we can use across disciplines

AUSTRALIA

Remote
sensing
Sensor m

Algorithm, code,

Credit: Simon Cox

Value simulator
Parameter Model, field

. Metrology
Scene Variable

Instrument
Value
. Instrument,
Measurements sample process monitoring

procedure Analysis Gauge, sensor
Analyte . .
result Value, time-series
Sample
Parameter

observed property

. Station
feature of interest




NTQ! Observation & Measurement Observation & Measurement
Model in XML Model in RDF (Linked Data)

Feature
+featureOfinterest /" 1
hosts
ol
o xsd:dateTime
Observation PropertyType \ madeBySensor

phenomenonTime

phenomenonTime 1 resultTime

Introducing the LU i eemr—

resultQuality [0..%]

observedProperty
O b Se rvati O n a n d parameter [0.] usedProcedure

Measurement N e
+ Procedure
Standard e

hasFeatureQfInterest

UN

Process Any
https://www.w3.org/TR/vocab-ssn/
INTERNATIONAL IS0 :
STANDARD 19156 ;37;73t'c S ﬂetw§rk 0GC
ISO
NS



https://www.w3.org/TR/vocab-ssn/

NCI

AUSTRALIA
-
impi s imol tedB : observes +  ———_————— — "~ "~ |
implements  implementedBy i i
. isObservedBy  forProperty } | ActuatableProperty | !
Procedure [®----------=-=------- » | Sampler [ ~ |--------o-oso-eoe- :
i ! [ ObservableProperty i
[}
|'~ usedProcedure : P e £-a- -
\ 0 madeBySensor observedProperty i hasProperty
Y i madeBySampler aclsOnPropDerty,r' !
‘\‘ ! madeByActuator ,"’ |
\.‘I : , ’I i
Y 1 L
K i madeObservation i |
", | madeSampling Pt l
N 't madeActuation PPt i
_______ o | isPropertyOf
xsd:dateTime L L I e b b b[ FeatureOfinterest ]‘
rel hasFeatureOfinterest 3 N
[ time: TemporalEntity ) iyl viv isSampleOf
phenomenonTime i~ IsResultOf :' ) 1
AN i | Result | ! J
! e hasResult | yy : R
1 - - -

Source: Haller, A, Janowicz, K, Cox, SJD, Lefrangois, M, Phuoc, DL, Lieberman, J, Garcia-Castro, R, Atkinson, RA and Stadler, C. 2019.
The Modular SSN Ontology: A Joint W3C and OGC Standard Specifying the Semantics of Sensors, Observations, Sampling, and
Actuation. Semantic Web, 10(1): 9-32. https://doi.org/10.3233/SW-180320



https://doi.org/10.3233/SW-180320

NCI

AUSTRALIA

What chemical analytical
procedures were used?

Common to most science observations

Components to Address in Geochemistry

What chemical properties are measured?

observes |

implements| isObservedBy forProperty ! A |
ctuatablePro !
Procedure [¢-------{f-----------» | Sampler |  le---------o-f-cceemepomoomoooo » [ perty :
! [ ObservableProperty )
+ usedProcedure l-—-----==2 _1_______'
\ ? madeBySensor observedProperty / E hasProperty
\ 1 madeBySampler actsOnPropoerty '
‘\\ i madeByActuator L J
\“ ; "f E
., ! madeObservation L '
. i madeSampling — - :
- 't madeActuation Common to most science observation
~ ) ptsd i
Common to most science observations : Ca'mmon to most. | .-~ , isPropertyOf
hE 1 science observations) --- 1 v
- j S G on
xsd:dateTime [€----- ------IZ . I - b[ FeatureOfinterest ]v
resultTime, 1 isFeatureOfinterestOf hasFeatureOfinterest A K
A 1 -
[ time:TemporalEntity [4---""" ' jsSampleOf'

phenomenonTime

What chemical vocgbularies

Legend

D Science

are used?

-

-

What geological vocabularies are used?

/
’

Source: Haller, A, Janowicz, K, Cox, SJD, Lefrangois, M, Phuoc, DL, Lieberman, J, Garcia-Castro, R, Atkinson, RA and Stadler, C. 2019.
The Modular SSN Ontology: A Joint W3C and OGC Standard Specifying the Semantics of Sensors, Observations, Sampling, and
Actuation. Semantic Web, 10(1): 9-32. https://doi.org/10.3233/SW-180320


https://doi.org/10.3233/SW-180320

NCI Summary of components that could be repurposed

AUSTRALIA

What chemical analytical Common to most science observations

What chemical properties ore measured?
procedures were used?

observes

Procedure [¢-------4f-----------» | Sampler | = ‘€-----4f\ & SFF-F------------ 1
. oQ °P°“Y -
VS -

<

1 usedProcedure

ob (_,0 ,ny, hasProperty
N aenyl, '

*\ madeObservation
. madeSampling

madeActuation

------- \ 4 + Common tg

resultTime,-~

o

time:TemporalEntity «-- !
phenomenonTime

Legend

hasSimpleResult
[ science rdfs:Literal
1 Geology

Source: Haller, A, et al. 2019. The Modular SSN Ontology: A Joint W3C and OGC Standard Specifying the Semantics of Sensors, Observations, Sampling,

and Actuation. Semantic Web, 10(1): 9—32. https://doi.org/10.3233/SW-180320


https://doi.org/10.3233/SW-180320

NCI Repurposing for Geophysics

AUSTRALIA
Wh h I i i .
at geop ysica Common to most science observations What geophysical properties are measured?
analytical methods were
used? observes T T N~~~ ~""°~ g
implements forProperty | /7 “ableProperty | !
Procedure '¢-------4§-----------» | Sampler | /S X P------f---mmmforoooat " T :
! - vableProperty 1
o !
Q. e M= = - - ‘ - 1 -------
&dProperty ; | hasProperty
\ JnPropoer‘[yl;’ E
‘\ , )
\ # i
Y rd ;
s madeObservation - 1

i
. i madeSampling
. madeActuation

! What geophysical
1 vocabularies are used? A
Legend |

D Science
D Geophysics rdfsLiteral | - LR S

How and when was the site ‘sampled
D “Geo” Site/Event recording

hasSimpleResult

Source: Haller, A, et al. 2019. The Modular SSN Ontology: A Joint W3C and OGC Standard Specifying the Semantics of Sensors, Observations, Sampling,

and Actuation. Semantic Web, 10(1): 9—32. https://doi.org/10.3233/SW-180320


https://doi.org/10.3233/SW-180320

NClI The size of your community you share data with counts

AUSTRALIA

The growing need to share data,
information and services across multiple
disciplines and organisations

This requires standards for machine
readability

Increasingly digital data collections need to
be reused and repurposed by much broader
communities

The size of the community that you
interoperate with is as large as the size of
the community that uses your standard

Where possible we need to converge on
international standards




NCI

AUSTRALIA

https://www.onegeology.org/

It can be done:
OneGeology

2000km # X-659302Y: 709535 SRS 2D LATITUDE / LONGITUDE (WGS84) -

OneGeology proved that distributed frameworks with geological
map data globally accessible using standard web services and
agreed standards and vocabularies would work.



https://www.onegeology.org/

NClI Other disciplines have created global networks...

AUSTRALIA

Global Seismographic Network

Crystallographic Information Framework

The International Union of Crystallography is the sponsor of the Crystallographic
Information Framework, a standard for information interchange in crystallography.

The acronym CIF is used both for the Crystallographic Information File, the data exchange

standard file format of Hall, Allen & Brown (1991) (see Documentation), and for the

Crystallographic Information Framework, a broader system of exchange protocols based on

data dictionaries and relational rules expressible in different machine-readable
manifestations, including, but not restricted to, Crystallographic Information File and XML.

7 IISADA Stasons  Jir WRISAUSGS Stasons Yy Afale Stasons
Planned Stavons

Th Glabal Seismographic Network (GSN) is a 150+ station, globally disiributed. state-of-the-art digial
seismic network thal pravides tree, realtime, open access data thvough the IRIS DMC. The map above
shows the distribution of the currant staion network with respect 1o netwark oparations.

Earth System Grid Federation

An open source effort providing a robust, distributed data and computation platform, enabling world wide
acoess to Peta/Exa-scale scientific data.

Get data Share Tools Inside GBIF
Leam more »

GBIF | Global Biodiversity Information Facility

Free and openaccess to
biodiver{c

Q

IUPAC Color Books

An authoritative resource for
chemical nomenclature,
terminology, and symbols.
Terminology definitions are
drafted by international
committees of experts in the
appropriate chemistry
subdisciplines

WHAT ISGBIF?. . ABOUT GBIF SPAIN.




NClI Parallels in History

AUSTRALIA

Discover how g's printing press i the literacy and education of people in Europe
https://www.britannica.com/video/171689/history-printing-press-work- https://www.ripleys.com/weird-news/gutenberg-printing-press/
discussion-Johannes- Gutenberg

L R

FEIRST PARTI®

Bor, rue srEmeNTa T

| 3 |

? i racing s Ean T o N;w i mudu..;’:..f.c.ummm

2 right wiiting of sur Englith cung, | e v
=2 ol fex firdh by Ricuann

]

B s ghdem “mCmmmEEme The printing press in 1436, but did not
= take off until dictionaries that sorted out

spelling around 1604. Note: the first

modern English dictionary was 1755

https://www.bl.uk/learnin o Trunkieeean

timeline/external/mulcas 6 {
ter-tl.jpg

lm'pnnud at Lond [vn by Thomas Vas-
woullier dwelling in the blak-friers

l‘y lml guu

®FRE BT Py oprt oy oy



https://www.britannica.com/video/171689/history-printing-press-work-discussion-Johannes-Gutenberg
https://www.ripleys.com/weird-news/gutenberg-printing-press/
https://www.bl.uk/learning/timeline/external/mulcaster-tl.jpg

NCl Multiphysics Analysis but how do we harmonise the data...

AUSTRALIA

Property Measured

Radiometrics Gamma radioactivity
-

€ Magnetics oo » Magnetic susceptibility

- Gravity —— Density

- Active seismic (reflection) > Acoustic impedance

< Passive seismic > Velocity
Active electromagnetics .

- y Magnetotellurics Conductivity

Audiomagnetotellurics (AMT)
Broadband magnetotellurics (BBMT)

Long-period magnetotellurics (LPMT)

Regolith (to 300m) Upper crust Upper mantle Nigel Rees, Lesley Wyborn, Ben Evans, Rebecca
(1-5 km) (60-150 km) Farrington, Tim Rawling, Rui Yang, & Yue Sun. (2023).
> Building a National High-Resolution Geophysics

< Shallow crust).. Mid-Lower crust > Reference Collection for 2030 Computation. Australian

(0-1km) (5-60 km) Lithosphere-asthenosphere Society of Exploration Geophysicists Extended
boundary (120 - 200+ km) Abstracts, Volume 2023, 4th Australasian Exploration
Geoscience Conference, Brisbane, 2023.

https://doi.org/10.5281/zenodo.7980192

Depth of mining (4km)

Types of geophysical data collected in Australia, the physical property measured and the depth of the crust that is sampled: also
shown is the depth of current mining. Figure modified from original of Richard Chopping (GSWA).


https://doi.org/10.5281/zenodo.7980192

Cl Can we create a collaborative National High Resolution
" Geophysics Data Platform from all this data? How do | access it?

E =
10 ™ 9 g
n
20 ko o
o - a0
N, KK} R CHOPP! or
AND R_BLEWETT ]
s — T ey
s [ i
Brian Kennett, Richard Chopping and Richard Blewett, 2018.The Figure 2.1; Gamma-ray speciometric map for the continent of Australia created by Figure 5.7, Bougrsar grvity aromaly. b e o i dass oGt L i il
Australian Continent, a Geophysical synthesis. Available on . . . . .- .
https://press.anu.edu.au/publications/australian-continent#tabanchor Radiometrics Bouguer GraV|ty Electrical CondUCtIVIty at 52 km
19 kil
= |20 20 .
ko i o
%0
1 Moo Depn ] " (=4 \ H |
15 e Lithos re thicknass [km! b &
lia B spher flam)
s —— e > N [ —— e o
g e s 71013 et 2 250 i W | " s
% i IS .
00 9.0 Tl viwigpialle Iobiyiplly s s Apltingion ciulia Figurs 7.16: Maha surface across Ausiralis utiising the ful range of scrmic mlormalion Figure 11.2: OZlemp eslimate of the temperature distribution at 5 km depth
Figure 8.9: Estimate of thickness of the lithosphere across the Australian region across the Australian continent.

Total Magnetic Intensity Moho Depth Thickness of the lithosphere Temperature at 5km



https://press.anu.edu.au/publications/australian-continent

NCI Converting MT time series (meta)data to modern international
self-describing standards - it is starting to happen...

Computers & Geosciences
Volume 162, May 2022, 105102
Research paper

MTHS5: An archive and exchangeable data
format for magnetotelluric time series data

Jared Peacock ® 9, &=, Karl Kappler °, Lindsey Heagy ©, Timothy Ronan 9, Anna Kelbert €,
Andrew Frassetto ¢  https://doi.org/10.1016/j.cageo.2022.105102

MTHS

| |
| Channel ]—~| Filters |

m Channel qw

t

Experimen



https://doi.org/10.1016/j.cageo.2022.105102
https://doi.org/10.1016/j.cageo.2022.105102

Cl Associations of the International Union of Geodesy &

AUSTRALIA

IUGG Geophysics (IUGG): can they help coordinate and endorse?

UGGI

®

INTERMATIOMAL ASSOCIATION INTERMATIOMNAL ASSOCIATION INTERNATIONAL ASSOCIATION INTERMATIOMAL ASSOCIATION

OF CRYOSPHERIC SCIEMCES (lACS) OF GEODESY (lAC) OF GEOMAGMETISM OF HYDROLOGICAL SCIEMCES
AND AERONOMY (LAGA) (lAHS)
| |
= |1AMASs  APSOW. ASPE]
= e —
A V|
INTERMATIONAL ASSOCIATION INTERNATIOMNAL ASSOCIATION INTERMATIOMNAL ASSOCIATION INTERMATIONAL ASSOCIATION
OF METEOROLOGY AND FOR THE PHYSICAL SCIENCES OF SEISMOLOGY AND PHYSICS OF VOLCANOLOGY
ATMOSPHERIC SCIEMCES (IAMAS) OF THE OCEANS (lAPS0) OF THE EARTH'S INTERIOR (IASPEI) AMND CHEMISTRY

OF THE EARTH'S INTERIOR {lAVCEI)




NCI Our current world is imploding

AUSTRALIA
In summary, we are living in a time of great change

1. We have more computation than we can use
® But is it necessary - | am happy with what | have?

2. We are changing to data intensive computing that
requires FAIR data and self describing formats
® But do we need to use data - can’t we just use
images?
e Why do we need the actual data?

3. We can move to working more and more on high
resolution data sets
e Why - large, high resolution data files are too big for
my online GIS system?

4. Standards are changing to machine actionable
® So what - my software can’t read the new
standards, so | can’t change

hitps://www.istockphoto.com/vector/earth-like-bomb-with-mathch-
in-fire-am1043315054-279285220?phrase=world%20exploding




Cl Issues of the Long Tall

AUSTRALIA

The Head:
* Astronomy But either is
e Climate O —
- High Energy - ot Share
o - Physics e Not Reusable
T -+ Genomics e Not Interoperable
o .
Geophysics
E._..r pny
r‘_E .
A The Long Tail:
3 * Geochemistry
g * Chemistry
=

mote ﬁPec{Fic >

< More 5en6r-' c

Common Excuses for not sharing

e Often specialized
e Lowvolume
e Collected by many people
e Heterogeneous
o In purpose (many disciplines)
o In provenance (many methods)
e Fragmented data landscape
e Un-curated (on Cdrives)
e Hardto find & access
e Not persistent

e Difficult to integrate
e Not machine-readable



longitude

The power of point-

Ferric Oxide Composmon (ASTER)

AUSTRALIA

Lo

Absolute humidity [g/mx

latitude

0zFlux example data from Collie 0zFlux example data from Loxton
Absolute hmmmg (daily) CO2 concentration (daily)
ET]

/liﬁ léO 155 13‘0 155 1&0 145 15‘)0

€02 concentration (dail

Absolute humidity (daily)
30

Absolute humidity [gim™3]
Absolute humidity £gf[n‘?]

0OzFlux example data from CowBay

Absolute humidity (daily)

i

Days since 1800

CDZ concentration (daily)

e

Days since 1800

oz u mvman

0zFlux example data from Samford

€O2 concentration (daily)

Absolute humidity I%EI

i -

Absolute humidity

Absolute humidity (daily)
1

" bays since 1800

o2 tumelimoil

(W

““Days since 1800

0zFlux example data from RiggsCreek

__ Absolute humidity (daily)

” €02 concentration (daily)

[

e

" Days since 1800

0zFlux example data from SilverPlains

Absolute humidity (daily)

€02 concentration (daily)

Absolute humidity [g/m~3]

Tq

i

€02 umol/mal]
€8

Al

" Days since 1800

ocated observations

OzFlux tower site locations
(red dots) are plotted on the
ASTER Ferric Oxide
Composition of Australia layer.
Time series data for CO, and
absolute humidity are shown
for six OzFlux tower sites.
ASTER data were sourced from
NCl’s Gadi gdata file system
and the OzFlux data were
drawn from the TERN
THREDDS Data Server.



https://dx.doi.org/10.25914/5f224f32e7beb
https://dap.ozflux.org.au/thredds/catalog.html

NCIl Point located observational data are vital for accurate
calibration of remotely sensed data

o e

nci.org.au
:) 4
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Daniel; Schmitz, Mark; Bowring, Samuel; Gehrels, George

inclu

ELSEVIER

extend data lifecycle

Show mare

Walker, Douglas J.; Condon, Daniel; Thompson, William; Renne, Paul; Koppers, Anthony; Hodges, Kip; Reiners, Peter; Stockli,

This report compilation describes the outcomes of a series of workshops sponsored by EarthChem and EARTHTIME. The
goal of the werkshops was to establish community requirements regarding data reporting and the approach employed
for getting data into the database are used with the Geochron database. The reports are grouped by technigue, and

Quaternary Geochronology

Volume 52, June 2019, Pages 77-87

Guidelines for reporting and archiving 2!°Pb
sediment chronologies to improve fidelity and

Colin J. Courtney Mustaphi * % ¢ 2 &, Janice Brahney 9, Marco A. Aquino-Lépez %, Simon Goring !, Kiersten Orton ¢,

Alexandra Noronha £, John Czaplewski |, Quinn Asena !, Sarah Paton , Johnny Panga Brushworth |

Quaternary Geochronology

Volume 39, April 2017, Pages 142-149

Data reporting standards for publication of
U-series data for geochronology and timescale
assessment in the earth sciences

A Dutton* 28, K. Rubin ®, N. M,

1.0, Walker, Y. Yokoyama *

Richards |, K\W.W. Sims
Show more

+ Addto Mendeley o Share s Cite

). Bowring, E. Bard &, R.L. Edwards |, G.M. Henderson &, M.R. Reid ", DA

https://doi.org/10.1016/j.quageo.2017.03.001
Under a Creative Commons license

Abstract

Get rights and content

Geochron Workshop reports sponsored by
EarthChem and EARTHTIME

Moving Toward FAIR: Best Practice Papers are emerging

GSA Bulletin

Archive Content

logic data and metadsta.
el B

The science editors of the Geological Sociery of America Bulierin are encosraging a series of invited special papers 10
bepabil - . e == ! .

SA Bullerin (and otber journals)

G5A Publications Themed Issues  GSA Member Sign In

whose conchusioas are founded on radicisotopic dating of minerals, rocks. and crganic materials has grown explosively
during the past decade. Justification includes the following. (1) Many radicisotopic dating methods are in use, including
somse relutively new metbods. (2) Data and metadata scts arc commonly large and often contain dozens to thousands of
isotapic messurements, (3) With increasing precision of mamy dating methods, the interpretation of large complex daia
sets is not always straightforwand. I is becoming 3 challenge for many readers of GEA Bullerin 10 appreciate how a large
age for 1 rock of process. (4) Stundardization of many

requires re-calibration of published data sets.
mmmumwmmumanmumn-mhummum

mwwmﬂmdm ﬂlmmmnmmm nmmu

RESEARCH ARTICLE |
Interpreting and reporting “°’Ar/*Ar geochronologic data

JuLY 01, 2020

3

abou samples

set of isotopic dates is used 10 determine
‘meibods has boen greatly improved. bust a plethora of sundand values ofien
oy
> - mmpdon mt
(nl]
isctopic
1he fareseeable fusure; and

mmhhuxmuﬂ will be accessible for
sets of dates.

We hope o strengiben the role of GSA Bullerin in its fanction of archiviag
inat amy posential fu s all the inf

metadata that are of sufficient quality and

constanis, or prodiction raies, interpretive srategics, <., evolve.

dod 10 use it —or update H—as standards, docay

Allen J. Schaen @; Brian R. Jicha;
Cameron M. Mercer; David Phillips; Tiffany A Rivera; Fred Jourdan; Erin L. Matchan;
Sidney R, Hemming; Leah E. Morga
Paulo M, Vasconcelos; Jeff A, Benowitz; Anthony AP Koppers; Darren F, Mark;

Elizabeth M. Niespolo; Courtney J. Sprain; Willls E. Hames; Klaudia F, Kuiper; Brent D. Turrin;
Paul R. Renne; Jake Ross; Sebastien Nomade; Hervé Guillou; Laura E. Webb; Barbara A. Cohcn.

ip V. Hodges; Pieter Vermeesch; Mark E. Stelten;

imon P. Kelley; William 5. Cassata; Matt T. Helzler;

CO DATA SCIENCE JOURNAL

We intend that these papers will hecome a valushle resource for suthors crzame. geochrono-
logic data fos bl s well s for edstors [—
setsand the conclisions s et
We seck papers that addres: y wed geo including: Andrew T. Calvey
1. U-Pb IDTIMS & ic surface methods Adin Ramirez; J
2. I sifu U-Ph lnser ablstion ICPMS and SIMS 2. Noble gas methods ('He, “Ne)
& U-Ph and Lo-HS laser shistion splt stream B AMS-based meshods (“Be, AL *Cl) GSA Bulletin (29
(LASS}MC-ICFMS 7. Opcal
3. “AdrAr (md K-An & Radiocarbon .
. Oy = = https:/idol.org/]]
10 Re-On

®

share: § w & in P

|

Research Papers -
Sample Identifiers and Metadata to Support Data

Management and Reuse in Multidisciplinary A

Ecosystem Sciences H

Authors: Joan E. Damerow %, Charuleka Varadharajan, Kristin Boye,

Eoin L. Brodie, Madison Burrus, K. Dana Chadwick, Robert Crystal-Ornelas,
Hesham Elbashandy, Ricardo J. Eloy Alves, Kim S. Ely, Amy E. Goldman,
Ted Haberman, Valerie Hendrix, Zarine Kakalia, Kenneth M. Kemner,
Annie B, Kersting, Nancy Merino, Fianna O'Brien, Zach Perzan,

Emily Robles, Patrick Sorensen, James C. Stegen, Ramona L. Walls,
Pamela Weisenhorn, Mavrik Zavarin, Deborah Agarwal

Abstract

Paleoceanography and
Paleoclimatology™

Feature Article () Free Access

PaCTS 1.0: A Crowdsourced Reporting Standard for Paleoclimate

Data ]
D. Khider 8%, J. Emile-Geay, N. P. McKay, Y. Gil, D. Garijo, V. Ratnakar, M. Alonso-Garcia, S. Bertrand, O. [
Bothe, P, Brewer, A, Bunn, M, Chevalier, L. Comas-Bru, A, Csank, E, Dassié, ... See all authors -

htl
First published: 03 September 2019 | https://doi.org/10.1029/2019PA003632 | Citations: 9

n

This article was corrected on 21 FEB 2020, See the end of the full text for details,
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Abstract

The prog

.| Geochronology - Uncertainty Propagation, Age Interpretation

ress of science is tied to the standardization of measurements, instruments, and

GEO TANDARDS and
NALYTICAL RESEARCH

B openAccess @ @
Community-Derived Standards for LA-ICP-MS U-(Th-)Pb

Original Article

and Data Reporting

Matthew S. A. Horstwood &4 Jan Kosler, George Gehrels, Simon E. Jackson, Noah M. McLean, Chad Paton
, Norman J. Pearson, Keith Sircombe, Paul Sylvester, Pieter Vermeesch, ... See all authors v

First published: 01 February 2016 | https://doi.org/10.1111/j.1751-908X.2016.00379.x | Citations: 279
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Abstract EN FR

The LA-ICP-MS U-(Th-)Pb geochronology international community has defined new
standards for the determination of U-(Th-)Pb ages. A new workflow defines the
appropriate propagation of uncertainties for these data, identifying random and
systematic components. Only data with uncertainties relating to random error should be
used in weighted mean calculations of population ages; uncertainty components for
systematic errors are propagated after this stage, preventing their erroneous reduction.
Following this improved uncertainty propagation protocol, data can be compared at
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NCI But no single authority: 5 Unions and ~40 Societies

AW

* e Soduty for IUGS Commission on
==:] geochemical A Y EUROPEAN ASSOCIATION SR “Global Geochemical Baselines”
~ society ) J. OF GEOCHEMISTRY Geochemistry and

International Association

Societies/Associations of GeoChemistry

Mapping the Geochemistry
of the Earth’s Land Surface

o of ”“{.feo
A INTERNATIONAL ASSOCIATION K /“%‘% The -
OF VOLCANOLOGY AND CHEMISTRY £ H | | Meteoritical /7 bigital Earth
IAVECE| OF THE EARTH’S INTERIOR % \ Society bt e el BYP ruosagsserce rogram

@ International Unionof Geodﬁand Geophysics

Union Geodesique et Geophysique Internationale

IUGS

International Union of Geological Sciences|

Science Unions

INTERNATIONAL UNION OF
. . n m PURE AND APPLIED CHEMISTRY
International Union of

Sfo G| Crystallography (IUCT) International Union of Soil Sciences ==
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n .34 Gold Book
[ Location ]
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SAMPLE } | ANALYSIS |
\
[ Spemmens \ \{ Lithologies )// [Varlables ]
IGSﬁ [Materials] ““““““““ -[ Minerals ] | |,|

mindat.org




ADVANCING CHEMISTRY WORLDWIDE

.« Gold Book Searchable s e The JUPAC Gold Book — A

hitps://goldbook-iupac.ors - digital aggregation of IUPAC

Compendium of Chemical Terminology Terminologies
B|l|C|D F

= RO
T
3

E
Higlyl- Welcome to the new interactive
nlaolelalr Chemical Terminology, informa The GOId BOOk APl
- these pages you will find @ \yhjle we expect a lot of humans to stop by the Gold Book, its about time ulary be friendly towards
S U R A R e Compendl“m of B computers and have set up an application programming interface (API) so they may download a bunch of stuff.
Chemical «» browsing the alphabetical Here is the overview of the APl and we are working on additional documentation_ (click the headers below to toggle

Additional Indexes whats visible.

. = using one of the many the
Physical Constants

5 = using the search in the na Terms
Units of Measure Second edition

Physical Quantities To learn more about this new inl

Terminology

51 Prefixes (Updated July 1st, 2019). Endpoint/Notes Example(s)
Ring Index /terms/index/[scope]/[format]/[download] fterms/index/all (just "terms” works too)
List of terms in the Gold Book Mterms/index/C/xml

General Formulae [scope]: (all), A-W, XYZ (retumns to referring page if no data)  /terms/index/XYZ/json/download
[format]: (html), xml, json (rest are ignored)

w

[download]: ("), download (rest are ignored)

Exact Formulae

Source Documents

o Expanded Search! New Download Formats!

-

fterms/view/[identifier]/[format]/[download] fterms/view/A00001
A term from the Gold Book /terms/view/P04409/json
abSOrbance, A ( ) [identifier]: term code or id fterms/view/ZT07132/xml/download
[format]. (html), xml, json (rest are ignored)
hitps://doi.org/10.1331/goldbook A00028 [download]: (™), download (rest are ignored)

Logarithm of the ratio of incident to diant.power through a sample (excluding

ing on the base of the logarithm a decadic and Napierian

. Ajp. A.. This quantity is sometimes called extinction. Sources (Click to show)

er called attepuapce, is reserved for the quantity which
inescence and scattering as well.

Source:

IUPAC are currently developing the processes and practices needed
Green Book, 2% ed., p. 32 [Terms] [Book] to ensure definitions are born digital as part of Digital Chemistry Ack: S. Chalk
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cl] WorldFAIR: Global cooperation on FAIR data
policy and practice

* Funded by the European Union, HORIZON-WIDERA-2021-ERA-0 —
Project: 101058393.

» Two year project from 1 June 2022.

* Nineteen partners from France, Belgium, Cyprus, Denmark,
Germany, UK, Ireland, Norway (Europe); Kenya (Africa); Australia,
New Zealand (Oceania); Brazil (Sth America); USA (Nth America).

* Project contributes to:
= UNESCO Recommendation on Open Science
= CODATA-ISC Decadal Programme s
ISC Action Plan Project 2.1: ‘Making Data Work for Cross-Domain Grand Challenges: &

Is based around 14 Work Packages, including 11 case study WPs

o ® . COMMITTEE ON DATA

:CODATA e Coancil

. °® INTERNATIONAL
[ ] SCIENCE COUNCIL



Project Management + Coordination (WP1)

Biodiversity
(wWPo)

Cl o

AUSTRALIA

’ Nano

Cult | .
H:ri:::e Materials

(WP3)

Disaster Risk
Reduction
(WiPi2)

Engagement,
Synthesis,
Recommendations
+ FAIR Assessment
(WP2)

Agricultural

Biodiversity
[(WPS)

Outreach, Sustainability + Exploitation (WP14)

The 11 WorldFAIR case studies are:

1. Chemistry

) Theme 1
2. Nanomaterials
3. OneGeochemistry
4. Social Surveys Data Theme 2
5. Population Health
6. Urban Health
7. Biodiversity Theme 3
8. Agricultural Biodiversity
9. Ocean Science Theme 4
10. Disaster Risk Reductlon
11. Cultural Heritage Theme 5

Exploring features of a Core Interoperability
Framework with 11 case studies from a range of
research areas (OneGeochemistry is one of these)
Working at extracting the common definitions (Units,
vocabularies, data description, data structure,
provenance...) across 11 case studies




NCI
The T-Bone effect:

We need to be aware of tensions between broad and deep

The tension between developing user-friendly processes that
enable integration of datasets across disparate disciplinary
areas in ways that do not impact on the quality and integrity

of deeper disciplinary research

A’b”'ri‘j to work outside

of core area

Functional area,
discipline, or ;FaoiaH‘j

Copyright ® 2012, Kenneth 5. Rubin and Innolution, LLC. All Rights Reserved.

https://innolution.com/resour
ces/glossary/t-shaped-skills
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NClI The size of your community you share data with counts
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The growing need to share data, information and
services across multiple disciplines and organisations

This requires standards for machine readability

Increasingly digital data collections need to be reused
and repurposed by much broader communities

The size of the community that you interoperate with
is as large as the size of the community that uses
your standard

Where possible we need to converge on
international standards




3-TIERED APPROACH TO VOCABULARIES

Raise awareness of groups harmonizing and make semantic
resources FAIR-compliant at an international level, particularly
those with endorsement from International authoritative
groups (eg Scientific Unions/Societies).

£
L

Groups with similar topics to begin harmonizing
across multiple locally-derived concepts/ definitions
and publish these as community resources; Community Vocabularies

0

Data providers with locally defined

vocabularies to make them available online
and ensure each term has a persistent ID; Shared Local Vocabularies

FAIR &Global
Vocabularies

Credit: Kerstin Lehnert
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Thoce who cannot remember
the pact are condemned to
repeal it.

George Santayana



https://upload.wikimedia.org/wikipedia/commons/2/2a/George_Santayana.jpg

Codd’s 1970 Rules of Relational Database
Management Systems (RDBMS)

1. Future users of large data banks need to be protected from having to
know how the data is organised in the machine (the internal
representation).

2. Activities of users at terminals ... should remain unaffected when the
internal representation of data is changed.

Changes in data representation will often be needed as a result of

changes in query, update....and natural growth in the types of stored
information.

Codd, E. F, 1970. A Relational Model of Data for Large Shared Data Banks. Communications of the ACM
Volume 13 Issue 6, June 1970 pp 377-387 https://doi.org/10.1145/362384.362685

Infarmation Retrieval

A Relational Model of Data for
Large Shared Data Banks

E. F. Coon
TBM Resarch Loboratory, San Jose, Colifornia

Future: wsers of lorge dofo baonks mest be profected from
having to keaw how the doba is ongaonized in the mochine (the
intermal repressntationl. A prompling service which supplies
such infermation is not o sotisfociory soluticon. Adtivities of usens
at terminals ond most opplicotion programs should remain
unaffected when the internal representation of data is changed
and sven when some aspecths of the externcl repressntofion
are changed. Chonges in daoto represenialion will offen be
needed ai o reslt of changes in guery, wpdate, and report
troffic and notural growth in the types of shored infomofion.
Existing noninferenticl, formatted data systems provide usen
with tres-shrechored files or wightly more general netwerk
model of the dota. In Secfion 1, inodeguocies of these models
are discussed. A madel based on pory relofions, o nomal
form for data base reloficrs, and the concept of o univenal
dota sublonguoge are introduced. In Saction 2, cerfoin opero-
tiers on relotions (other fhon k}q:u' inference] are du-wn.d
ond cpplisd to the probl ¥ ond
in the uer's model
KEY WORDE AMD PHEASES  data bonk, doto base, data ainwive, data
wegeniration, kisarchies ol dete saterin of dete. reletiom, dermbliry,
tedwduacy, iomiilesy, Gompoufion, jon, refraval losgenge, predicte
colewka, wecurity, davo Istegrity
Ch CATEQONES: 370, 373, 375, 430, 437, 439

1. Relational Model and Normal Form

L1, IstRoDUCTION
This paper is concerned with the applieation of ele-
mentary redation theory to systems which provide shased
acciss to lurge banks of formatied data. Except for & paper
by Childs [1], the prineipal application of relations to data
systems hus been to deductive question-answering systems,
Levein and Marcn [2] provide numerous references to work
in this area,
In wtltruaL the problems trested hore are thoss of data
the independ of application programs
and !gruunaI sctivities from growth in data types and
chmlg\en in data ermtpunn—pnd eertain kinds of dafy
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1. We no longer have the gift of time. I

2. When you publish a dataset with a paper, ask yourself how many 2023
other people are using your standards, formats and vocabularies - T
that will tell you the size of the community that can read and 2024
understand your data.

3. Although there is a the focus on distribution of images and derived I
products, we still need to find all the rawer forms of critical 2026
geoscience datasets and make less processed forms of these data
more FAIR compliant and able to be aggregated into seamless .
national/global high-resolution datasets. 2028

4. Ensure that whatever we do, it is always scalable to the future and v
can maximise benefits from new compute, data and software

Phato by Nathan Dumiao on Unsplash technologies as they come on line. Things will always change. 2030



https://unsplash.com/@nate_dumlao?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
https://unsplash.com/s/photos/time?utm_source=unsplash&utm_medium=referral&utm_content=creditCopyText
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