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Presentation Overview

• Tsunami hazard in our region
• Australian Government and tsunami warning system

• Current capability  
• Ideal capability

• Future Opportunities
• Real-time GNSS analysis of space based and ground-based 
infrastructure

• Australia’s National Positioning Infrastructure (NPIC) GNSS 
network

• Australia’s GNSS analysis centre software – Ginan
• Space-based LEO satellites for Ionospheric Mapping

• Case Study: Tonga HTHH case study
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Tsunami Sources 1610 B.C. to A.D. 2022 
Earthquakes, Volcanic Eruptions, Landslides, and Other Causes 

• 2,600 events in the 
NCEI Global 
Historical Tsunami 
Database

• Over 1,400 
confirmed tsunami 
source events are 
displayed on the 
map

• Total of 264 
confirmed deadly 
tsunamis

• Resulting in over 
544,000 confirmed 
deathsITIC and NOAA's NCEI, and ICSU World Data Service for Geophysics
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Global Tsunami Hazard

• >250k deaths from tsunamis since 1980
• ~60k deaths at a distance >1000k from source
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Australian Government and Tsunami Warning

• Australia is bounded by 8,000 km of active tectonic plate boundary capable of generating 
a tsunami (impacts in 2-4 hours, 90-minute requirement for warning) 

• Significant vulnerable low-lying areas

• After the December 2004 Sumatra earthquake and tsunami, the need to be able to warn 
the Australian population was identified.

• Established the National Earthquake Alerts Centre (NEAC) operated by Geoscience 
Australia (GA) and the Joint Australian Tsunami Warning Centre (JATWC) is operated by 
the Bureau of Meteorology (Bureau) and GA

• NEAC and JATWC has a mandate to detect, monitor, verify and warn the community of 
earthquakes and tsunamis in our region and possible threats to Australian coastal 
locations and offshore territories
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Current Tsunami Warning Capability
Global problem: 

• Some countries have dense and sophisticated monitoring systems for early and accurate 
national warning – most don’t.  

• One country’s near-field tsunami can significantly impact distant countries:  1960 Chile, 2004 
Indonesia, 2011 Japan

Coordinated tsunami warning systems: 
• Regional Tsunami Service Providers (TSPs) and National Tsunami Warning Centres (NTWCs) 

work together to deliver 24x7 early warnings down to local levels – “coastal forecast zones”
• Australia:  Joint Australian Tsunami Warning Centre (JATWC) - both a TSP and a NTWC

Monitoring networks of sparse, point-sources - data sharing is key:
• Australia has a network of ~100 real-time seismic monitoring stations, 6 deep-ocean buoys and 

a network of coastal tide gauges.  
• We rely on global, real-time data sharing - seismic data and sea-level data - in order to detect 

tsunami sources (earthquakes) and confirm tsunami existence.
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Current Tsunami Warning Capability
Current Capability:
• 24x7 real-time earthquake detection and characterisation to define tsunami source parameters
• Estimates of tsunami wave heights and arrival time of first wave at any land-mass are forecast from 

the source parameters
• Coastal zones under threat are determined
• TSP / NTWC warnings are issued; national warning chains/processes are triggered
• TSPs (and NTWCs) monitor sea-level data for CONFIRMATION that a tsunami has been 

generated.

Current challenge:
• The accuracy of tsunami early warnings relies on the accuracy of the earthquake [or other] source 

parameters. Source parameters are derived from inversions which entail assumptions – when 
well-observed, they’re pretty good but they’re a PROXY for the phenomenon of interest:  the 
tsunami.

• Direct observation of the tsunami is from generally sparse point sources, only – deep ocean buoys 
(DART) and coastal tide-gauges.

• Increasing the density of monitoring infrastructure, including SMART cables, can help improve 
warning times and accuracy for some sources, in some regions.
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Ideal Tsunami Warning Capability
Ideal capability:  
• 4D observation of the ocean surface with capability to detect and parameterise tsunami 

continuously, world-wide, 24x7, and in real-time 
• Are existing satellite-based technologies the solution?  If not, how close can they get us 

to the ideal state?
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Tsunami monitoring with ground-based GNSS derived 
ionosphere observations
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Real-time ground-based GNSS ionosphere observations
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Australia’s National Positioning Infrastructure Capability 
(NPIC)

• GA’s Positioning Australia program is 
establishing a national network of 
continuously operating GNSS reference 
stations (CORS) that will enable the 
delivery of 3-5 cm accurate positioning 
services

• Modernising and expanding Australia’s 
fundamental geodetic GNSS network

• Densifying the network, through 
partnerships with other government 
and industry network operators 

• Improving the accessibility and 
reliability of our systems to ensure that 
the data from the network is accurate 
and reliable.
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NPIC GNSS network Infrastructure 

• Upgrading 130 ground reference stations ensure the reliability and resilience into the future
• Installing 70 new ground reference stations to expand the range of the network and fill gaps
• Additionally helps maintain a network of 13 RT GNSS CORS stations in the South Pacific

• Standardised systems
• Dual Multi-GNSS 

receivers
• 1 Hz  sampling rate 

and data streaming
• Real-time comms
• Redundant power



© Commonwealth of Australia (Geoscience Australia) 
2022.

Footer

Cloud-Based System
Portal:
• https://gnss.ga.gov.au/
NTRIP Castor:
• ntrip.data.gnss.ga.gov.au

https://gnss.ga.gov.au/
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Ginan: Geoscience Australia’s GNSS Analysis Centre Software

o Multi-GNSS Un-differenced / Un-combined (UDUC) data analysis capability
o Open-source software capable of delivering positioning services for real-time and post processed 

applications 
o Enable centimetre level accuracy positioning in areas with IP (internet) coverage

Ginan
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Ginan Ionosphere observation and modelling capability 
• Ginan is based on the State Space Representation (SSR) methodology.
• The GNSS observation equation terms are mostly parameterized as States in a filter and can be 

estimated and then transmitted users enabling Precise Point Positioning (PPP)

• Ionospheric delay is one of the States that can be estimated. Allowing unbiased receiver-satellite 
Slant Total Electron Content (STEC) extracted at every time step of the filter

• Ginan can use these STEC values to derive station Vertical TEC (VTEC) to produce various models 
that represent the ionospheric delay that can be broadcast to users for PPP-RTK positioning 
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Ionosphere monitoring using GNSS

J. Eisenbeis & G. Occhipinti,  (2021)

• Ionosphere is an ionized layer @~50 km to ~1000 km 
altitude that varies in density with time and space.

• Free electrons in the ionosphere are measured in 
units call Total Electron Content (TEC). 1 TECU = 
1x1016 electrons per m2 (assuming electrons are 
compressed into a single shell).

• GNSS signals are delayed and refracted depending 
on the TEC of the ionosphere and the frequency of 
GNSS signals.

• Processes that produce waves in the atmosphere are 
also produce waves of different types in the 
ionosphere.

• Using  dual frequency GNSS signals the Slant TEC 
(STEC) between the GNSS ground receiver and the 
GNSS satellite can be monitored

• In this way waves in the ionosphere called Traveling 
Ionospheric Disturbances (TIDs) caused by various 
processes on the Earths surface can be tracked over 
time using GNSS signals.
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https://eos.org/opinions/looking-to-the-sky-for-better-tsunami-warnings
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Case Study: Hunga Tonga-Hunga Ha’apai (HTHH) volcano 
eruption, January 15th 2022 ~04:15 UTC

Credit: NASA Earth Observatory image by Joshua Stevens using GOES imagery courtesy of NOAA 
and NESDIS
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Spire Global Lemur-2 Cubesat Constellation

LEMUR-2
Size:  3U - 10x10x34.5 cm
Mass: < 6 kg
Altitude: 400 – 600 km
Orbit:  Sun-Synchronous
Lifespan: ~ 2 years
Number:  > 150 launched
GNSS:  STRATOS dual freq 

 GNSS receivers
 Zenith POD antenna
 Side high gain RO antenna

Spire Global
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T. Li et al., 2021 M.M. Shaikh, R. Notarpietro & B. Nava, 2014



© Commonwealth of Australia (Geoscience Australia) 
2022.

Travelling Ionospheric Disturbances (TIDs) from the CubeSat POD antenna
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TIDs over distant locations (India)
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front
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Tsunami front

Peaks at the 
wave front

Travelling 
Ionospheric 
Disturbance

Increase 
due to low 
elevation

TEC b/w CubeSat and GPS; high 
altitude (500 km and above) 
electron density.

TID was detected by the 
CubeSats a few hours before the 
tsunami makes its landfall. 

Near-real-time operation can 
lead to additional hours of 
warning time. 

CubeSat constellation for 
tsunami early warning

Check out our article at Eos.org

CubeSat GPS POD 
antenna topside TEC 
measurements



© Commonwealth of Australia (Geoscience Australia) 
2022.

CubeSat GPS RO antenna measurements
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CubeSat GPS, 1-sec samples

IRI model

RO tangent point

CubeSat ground track

CubeSat FM129 and GPS G08

14 Jan 22, UTC Hour 10
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=> F2 peak disappeared; 
pushed up above the 
satellite by the Lorentz 
force of E x B
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CubeSat FM117 and GPS G31

14 Jan 22, UTC Hour 12

15 Jan 22, UTC Hour 12
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No recovery, even 8 
hours after the 
eruption. 
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Tsunami early warning “wish-list”
Tsunami Warning Capability feature (requirement) Imperative  (ie how necessary is it for TSP/NTWC?)

Derived from OPEN, (near)real-time data sources Essential
(near)real-time production of derived information products* for 
TSPs/NTWCs

Essential

(near)real-time delivery of derived information to TSPs/NTWCs Essential

Field of view: early warning Ideal(TSP)=global (ocean-wide), all of the time.
Great(TSP)=~1000km band covering [all] known source zones (tectonic subduction 
zones; active oceanic volcanoes), all of the time;
Great(TSP)=on-demand over any ROI, <30mins of source event (eg earthquake).
Good(TSP)=on-demand over any ROI, <60mins… and so on…
Good(NTWC)=on-demand over “my ROI”, >2hrs TTT to “my coastline”.
MVP=what have you got?

Field of view: warning accuracy Ideal(TSP)=~2hr TTT buffer from all coastlines (continental & island nations), all of the 
time.
…scaling to…
Great(NTWC)=~2hr TTT buffer from ”my coastline”, on demand
MVP=what have you got?

DETECTION of tsunami Ideal
CONFIRMATION of tsunami Essential
Derived “primary” parameters: time of observation; spatial 
coordinates (e.g. wave(s) crest as geospatial data); number of 
waves above X cm wave height; wave height (largest wave); 

Essential = single point in time; 
Ideal = series; real-time updates at <1min intervals.

Derived “secondary” parameters: 
Travel speed (e.g., avg over last X obs);
Wave length (e.g., crest-to-crest

Nice to have in addition to “primary” parameters, but not essential.
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Further information

Thankyou

Web  ga.gov.au
Email  simon.mcclusky@ga.gov.au

Click to add text
Click to add text


