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Source: USGS

Source: EMSC report

Source: KOERI
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2004 Sumatra earthquake and Indian Ocean Tsunami, the wiggles knew

Source: ITIC/IOC

Kerr, 2005
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Rapid earthquake magnitude estimation from GNSS Peak 
Ground Displacement (PGD) 

Ruhl et al, SRL 2019Goldberg et al, BSSA 2021
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Earthquakes

Tsunami

Volcanoes

Landslides

Aotearoa New Zealand Natural GeoHazards
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GeoNet programme established in 2002 as partnership between government agencies

on behalf of
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Aotearoa New Zealand Government policies

International Open Data Charter
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GeoNet multi-domain geophysical 
network and data infrastructure

• GNSS
• Seismometers
• Strong motion
• Tsunami gauges
• DART
• Cameras
• Envirosensors

Almost 
1000 
sensors!

Geohazards data for 
research

Geohazards 
data for 

monitoring 
and 

response

Community 
engagement and 

outreach

Science 
expertise 

for 
immediate 

event 
response

Data infrastructure (sensor network, 
communications, data centres)
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GeoNet and PositioNZ continuous GNSS networks

PositioNZ stations (37): GPS, Glonass, Galileo, BeiDou, QZSS 
https://www.linz.govt.nz

GeoNet stations: GPS, Glonass 
https://www.geonet.org.nz 

Contributing to IGS network
www.igs.org 

https://www.linz.govt.nz/
https://www.geonet.org.nz/
http://www.igs.org/
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GeoNet GNSS data and products: seconds/minutes

Earthquakes
0.1s GNSS kinematic 
displacement 
(post-processed)
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GeoNet GNSS data and products: seconds/minutes

1s GNSS Signal to 
Noise RatioVolcanoes

Fournier et al, 2014
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GeoNet GNSS data and products: 
days/weeks

GNSS daily 
displacements

(Slow) Earthquakes

Landslides
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GeoNet GNSS data and products: 
years/decades

Earthquakes
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Kaikoura 2016 earthquake and tsunami, time machine

GeoNet
PositioNZ
M>4 earthquakes in the first 
hour after the mainshock

GNSS network in November 2016
GNSS kinematic displacement produced manually ~2hr after 
the event. Earthquake magnitude was underestimated (poorly 
constrained by available data and modelling at the time)

13 November 2016, UTC time

1s on local system memory
1s in real time
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Kaikoura 2016 earthquake and tsunami, simulation (PGD)

Crowell et al., 2018
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Kaikoura 2016 earthquake and tsunami, simulation 
(finite fault and tsunami)

Tsunami

post-event local tsunami modelling
post-event simulation of earthquake source 
inversion using GNSS real time data

Crowell et al., 2018
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GNSS for Rapid Earthquake Source Characterization

R-CET research aims: 
- Rapid analysis of large local 

earthquakes and their impacts
- Rapid analysis of offshore earthquakes 

and tsunami in the Southwest Pacific
- Science to practice via education and 

outreach initiatives

EQ trigger

Real Time 
raw GNSS 
data

GNSS data 
processing

 system

IGS Real Time 
products

modified after Crowell et al., 2018
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R-CET GNSS: will test and compare different GNSS real time processing solutions

3 open source real time 
GNSS processing 
software tested and 
compared for:

- robustness,
- signal to noise ratio
- optimization for 

Aotearoa New 
Zealand scenario

Solutions and G-FAST 
performance in NZ will be 
compared to the system 
in place within 
USA ShakeAlert

In collaboration with B. Crowell (Washington University), J. Jianghui (Wuhan University), S. McClusky (Geoscience Australia) and thanks to BKG!

GNSS Processing 
Centers @CWU 

(Fastlane)

RabbitMQ GNSS 
waveform data 

feed
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Solares-Colón et al., in prep

RCN2 simulated events catalogue => Synthetic GNSS waveforms
• 350 megathrust events simulated ( 7 < M < 9.2)
• Discretized in 3624 subfaults
• Green’s functions at selected stations
• impulse response for each station-subfault pair

In collaboration with D. Melgar and M. Solares (Oregon University) 
and A. Howell (GNS Science) 

R-CET GNSS: simulations of GFAST in Aotearoa New Zealand
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SW Pacific and Tsunami Early Warning target: 10 minutes for forecast

Angove et al., 2019

Courtesy of B. Lukovic and B. Fry

TEW not possible with 
current GNSS 
infrastructure
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GNSS for Tsunami Early Warning System, the way forward

Kia Ora, grazie, thank you, fa'afetai, malo 'aupito, vinaka, merci, 
fakafetai lasi, sulang, fakaue, kwe emmal!


