








Discovering and using geophysical data in the 21st century

Keywords are particularly important in the metadata in order
to provide thematic searchability of datasets. For example, the
keywords “gravity” and “point” are sufficient to discover the
metadata records for all gravity point datasets in GA’s
catalogue, and, from these, the web service endpoints through
which the data can be accessed.

Geophysical Data Encoding — Gridded 2D (Raster) Data

The bulk translation of GA’s 2D gridded (raster) geophysical
datasets from ER-mapper format into netCDF was initially
undertaken using the Geospatial Data Abstraction Library
(GDAL), specifically the gdal translate command line utility.
The resulting netCDF dataset needed to be chunked and
compressed using either the nccopy netCDF command-line
utility or the rechunk command in the geophys utils code
repository, which was more efficient for larger datasets.

Geophysical Data Encoding — Point Data

Point data consists of spatially and temporally irregular
sampling points with multiple attributes. Benefits of dealing
with native point data, as opposed to a derived interpolated
grid data product, include higher precision, and coordinate
system agnosticism. Point data can be interpolated
dynamically into grids with the grid resolution determined by
the sampling density over the area of interest. Unlike grids,
points can be reprojected to alternate coordinate reference
systems without interpolation and a resultant increase in
uncertainty.

The bulk translation of GA’s non-gridded geophysical point
and line datasets into netCDF was undertaken using Python
scripts. Gravity point data was read from GA’s National
Gravity Database and written to netCDF files using the custom
grav2netcdf converter.py script in geophys_utils.

At the time of writing, GA’s 1631 published gravity survey
point datasets contain over 1.8M points dating from 1947 to
the present day.
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Figure 5. Example of Gravity Point Data (Broken Hill,
NSW)

Geophysical Data Encoding — Line Data

Non-gridded geophysical line datasets are treated as a
specialisation of point datasets, where each point has a line
number attribute encoded using the index lookup scheme
described above. GA’s line data (e.g. airborne magnetic,
radiometric and AEM data) was translated from ASEG-GDF
into netCDF using a Python script behind the aseg2nc
command-line utility in geophys utils. Within the netCDF
array variables, points are ordered temporally (i.e. by
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ascending fiducial number), and this dimension can be either
fixed or open-ended to support dynamically growing datasets.

GA’s 757 magnetic survey line datasets so far converted to
netCDF contain ~4B points in ~358k lines, and one 1994
survey from Broken Hill contains around 100M points. GA’s
630 radiometric survey line datasets so far converted to
netCDF contain ~473M points in ~335k lines. At the time of
writing, the magnetic and radiometric survey line datasets
have not yet been officially released as web services from
netCDF files.

Figure 6. Example of AEM Survey Line Data (Pine Creek
TEMPEST Survey near Darwin, NT, 2009)

AEM line data typically contains an additional dimension:
either time for raw data, or depth for the 1D conductivity
inversions. Each point is associated with multiple values along
one of these extra dimensions: for example, each raw data
point may be associated with values for a specific number of
low or high moment gates/windows.

At the time of writing, only a relatively small number of GA’s
published AEM datasets have been translated into netCDF.
These include both the raw signal data by time window, as
well as the derived conductivity inversion data by layer. The
main impediment to the bulk conversion of historical AEM
data into a standard form is the lack of standardisation in the
legacy datasets currently published in ASEG-GDF format.

Figure 7. Example of AEM Line Data Visualisation (both
raw AEM data and derived conductivity)
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NetCDF-encoded AEM data and inversions are already being
used actively within GA, primarily for groundwater
applications.

Geophysical Data Encoding — n-Dimensional (Voxel) Data

GA has begun work to convert a diverse range of subsurface
geophysical models into a standard netCDF encoding to
support rapid visualisation and/or analysis. These models
include magnetotelluric (MT), AEM-derived conductivity, and
seismic models.

The meteorological and oceanographic communities are using
4D netCDF extensively to represent large-scale xyzt
atmospheric and ocean models. The same data model and
format can be used to represent 3D xyz subsurface
geophysical models, or 4D xyzt fluid-flow models.

Geophysical Data Encoding — Magnetotelluric, Seismic
and Other Data

The seismology community has developed the HDF-based
ASDF (Adaptable Seismic Data Format) for time-series data
and associated metadata, replacing the text-based SEED
(Standard for the Exchange of Earthquake Data) and
MiniSEED formats. GA has successfully adopted the efficient,
open and extensible ASDF format for encoding not only
seismic, but also MT data. ASDF is currently the time-series
format used in the MTpy (MT Geophysics Australia 2019)
Python package for magnetotellurics, and the emerging MTH5
format is also HDF-based.

The multi-variate, multi-dimensional nature of netCDF would
make it highly suitable for representing tensor grids for
airborne gravity, instead of using multiple 2D .ers grids. GA
intends conducting investigations into this encoding in the
near future.

Example Use Case — Dynamic Point Data Discovery and
Gridding

A typical use case for applying web services on geophysical
data would be the dynamic discovery and retrieval of gravity
point data for dynamic gridding across an area of interest. A
live example of this has already been implemented in Python
and is available in the examples area of geophys utils. The
methodology used can be summarised as follows:

1. Discover OPeNDAP endpoints for all relevant published
gravity point datasets by submitting a CSW keyword &
bounding box query to GA’s catalogue.

2. Iterate through dataset search results

a. retrieve any points from within bounding box
from dataset using OPeNDAP,

b. filter points using quality flag data

c. reproject point coordinates from GDA94
degrees into local UTM metres

3. Determine appropriate grid resolution from spatial
density of all points in bounding box (possibly using
median Voronoi polygon area) — not required for fixed
grid resolution.

4. Apply chosen interpolation algorithm to generate grid
from all relevant points.

The above methodology could readily be applied at high
resolutions and continental scale by applying in parallel it to
many small tiles. This would potentially allow for the dynamic
gridding of survey point data.
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CONCLUSIONS

Legacy data formats are becoming increasingly unsuitable for
modern, large-scale computing requirements. The encoding of
diverse geophysical data into modern, open, standard
container formats provides many benefits, including
efficiency, interoperability, and flexibility. NetCDF is one
such container format, with a wide and growing user
community and proven toolsets supporting many different
computing environments.

GA’s catalogue can now be searched thematically and
spatially via CSW web service calls, and any NetCDF-
encoded geophysical data discovered can be accessed
remotely via standard web services from the NCI. These
mechanisms support machine-to-machine interactions with
data and metadata, and support large-scale operations such as
machine-learning.

The encoding of diverse geophysical datasets into a common,
open format will help lead to fresh discoveries as geophysics
and other data is combined in novel ways.
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