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Next-generation geophysics
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Geophysics at Exascale

● Exponential 
increase in data 
collected

● Massive decrease 
in processing 
times
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Next-Generation Research
Increase Model Complexity

Timescale

Increase Data Resolution

Increase Model Size

Self describing 
data arrays/cubesUse higher resolution data

Petascale

Terascale

Giga

Single passes at larger 
scales:

more ensemble members

Use longer duration runs: 
use more and shorter 
time intervals

Exascale

Local

Monte Carlo Simulations, ensemble runs

Speed up data access

Adapted from: 
Wyborn, L., 2023: Using 2030 

Computational Techniques to 
Unleash the Untapped Potential 
of Existing Geophysical 
Datasets in Mineral Exploration: 
Opportunities and Challenges: 
https://docs.google.com/presen
tation/d/17OIunofp5EpxNJ0iq8
Z8YLqK2KvF-
uZx/edit#slide=id.p1
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https://docs.google.com/presentation/d/17OIunofp5EpxNJ0iq8Z8YLqK2KvF-uZx/edit#slide=id.p1


2030 Geophysics Collections
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AusPass Passive 
Seismic Collection

National ASTER Map of 
Australia

AuScope 
Magnetotellurics (MT) 

Collection

AuScope Distributed 
Acoustic Sensing (DAS) 

Collection

● Making national high-resolution 
geophysics reference collections 
suitable for exascale computing in 
2030

● The project received co-investment 
from AuScope and the ARDC to 
support the data curation at NCI. 
AuScope, the ARDC and NCI are 
enabled by NCRIS. 

https://dx.doi.org/10.25914/zyay-2g34
http://dx.doi.org/10.25914/5f224f36ec890
https://dx.doi.org/10.25914/mtjg-jp22
https://dx.doi.org/10.25914/zr9f-1e98


4+ 
geophysics
collections 

(160+ datasets) 

30+ TiB
data

FAIR

Integrated

HPC-Enabled
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Image: NASA

https://www.nasa.gov/stem-content/planetary-geology/


NCI Data Catalogue

https://geonetwork.nci.org.au  
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Find Data

✓ Search the NCI Data Catalogue
& navigate the collection

✓ Harvested by Research Data 
Australia
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https://geonetwork.nci.org.au/
https://researchdata.edu.au/contributors/national-computational-infrastructure


Access & Reuse Data

Access 

Check

Cite 
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…The FAIR Principles put 
specific emphasis on 
enhancing the ability of 
machines to 
automatically find and 
use the data, in addition 
to supporting its reuse by 
individuals.

Wilkinson, M., Dumontier, M., Aalbersberg, I. et al. The FAIR Guiding 
Principles for scientific data management and stewardship. Sci Data
3, 160018 (2016). https://doi.org/10.1038/sdata.2016.18

Image: File:Default-welcomer.png
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https://doi.org/10.1038/sdata.2016.18
https://commons.wikimedia.org/wiki/File:Default-welcomer.png


Horizontal Integration of Data from External Repositories 
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● Integrating two 
disparate datasets to 
create a new 
derivative product

● For example, external 
data (TERN’s OzFlux 
tower locations (red
dots)) is integrated 
with data hosted at 
NCI (ASTER layer)



Vertical Integration

● Catalogue metadata is 
structured to enable 
‘vertical’ integration 
between repositories

● Higher-level products 
(from various sources) 
reference the raw data 
hosted at NCI
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Raw data
(NCI)

Higher-level 
product (A)

Higher-level 
product (B)



Vertical Integration

● Catalogue metadata is 
structured to enable 
‘vertical’ integration 
between repositories

● Higher-level products 
(from various sources) 
reference the raw data 
hosted at NCI
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Raw data
(NCI)

Higher-level 
product (A)

Higher-level 
product (B)

Higher-level 
product (B.1)

Higher-level 
product (B.2)



Vertical Integration

Level 3: MT Modelling input/output files

Level 2: Derived frequency domain processed data (EDI Files)

Level 1: Calibrated, resampled MT time series data

Level 0: Edited raw time series magnetotelluric (MT) 
survey data in different formats 

Connected via PIDs

Ve
rti

ca
l In

te
gr

at
ion
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Connected via PIDs

Connected via PIDs



AusLamp

© Commonwealth of Australia 
(Geoscience Australia) 2022

© Commonwealth of Australia 
(Geoscience Australia) 2021
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https://www.ga.gov.au/about/projects/resources/auslamp



Musgraves Province

Thiel, S., Goleby, B.R., Pawley, M.J. et al. AusLAMP 3D MT imaging of an intracontinental 
deformation zone, Musgrave Province, Central Australia. Earth Planets Space 72, 98 
(2020). https://doi.org/10.1186/s40623-020-01223-0

NT = CC-BY 4.0

SA = CC-BY 3.0WA = CC-BY 4.0
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https://doi.org/10.1186/s40623-020-01223-0


Vertical Integration: Persistent Identifiers

Persistent identifiers 
promote FAIR by:

✓ Enabling citation 
and attribution 

✓ Improved 
machine-readability

dataset

organisation

is funded by
is authored by

person

DOI

ROR ORCID
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Lineage Statements
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✓ Include DOI for raw 
source data

✓ Document processing 
steps

✓ Include DOI for 
software used to 
process the data



FAIR Implementation Profile (FIP)

● Document FAIR implementation 
choices

● For each FAIR Principle, provides a link 
to the exact resources used

● Promotes interoperability and 
standardisation

● Designed to be machine-actionable
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Schultes, E., Magagna, B., Hettne, K.M., Pergl, R., Suchánek, M., Kuhn, T. (2020). Reusable FAIR Implementation Profiles 
as Accelerators of FAIR Convergence. In: Grossmann, G., Ram, S. (eds) Advances in Conceptual Modeling. ER 2020. 
Lecture Notes in Computer Science, vol 12584. Springer, Cham. https://doi.org/10.1007/978-3-030-65847-2_13



PDF

Excel

GoFAIR (2023), FAIR Implementation Profile, https://www.go-fair.org/how-to-go-fair/fair-implementation-profile/
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https://www.go-fair.org/how-to-go-fair/fair-implementation-profile/


FIP Wizard (2023): https://fip-wizard.ds-wizard.org/
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PDF

Excel

JSON

Other



NCI Zenodo Community

✓ Publish FIPs (in 
multiple file formats)

✓ Generate DOIs

✓Manage versions
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Integrating FIPs

✓ Published FIPs 
can be cited and 
linked to relevant 
resources

26



Next-generation geophysics
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Reusable

DCC (2004-2023), The DCC Curation Lifecycle Model: 
https://doi.org/10.2218/ijdc.v3i1.48
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✓ Plan for reuse up-front

✓ Ensure infrastructure designed to 
support FAIR and CARE principles

✓ Consider range of approaches to 
measuring impact

https://doi.org/10.2218/ijdc.v3i1.48
https://doi.org/10.2218/ijdc.v3i1.48


Tracking Use and Reuse

The COUNTER Code of Practice for Research Data

✓ Standardised usage statistics for research data

✓ Tracks “investigations” (i.e., metadata views) 

✓ Tracks number and volume of “requests” (i.e., data 
downloads or data views/access)
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COUNTER RD & HPC

OPTION A: Download locally for analysis
OPTION B: Use NCI shared compute resources to directly read data & perform analysis
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Preparing for 2030…

✓ Provide access to the raw high-
resolution observational data

✓ Invest in data management and 
curation (e.g. automated ‘dirt-to-desktop’ 
workflows) 

✓ Consider plans for machine-
interoperability (e.g. PIDs, FIPs) 
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Questions



Address
NCI, ANU Building 143 
143 Ward Road
The Australian National University 
Canberra ACT 2601

NCI Contacts

General enquiries: +61 2 6125 9800

Support: help@nci.org.au

Website: https://opus.nci.org.au/x/NAOVAg

License

https://opus.nci.org.au/x/NAOVAg

