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ABSTRACT: The GeoNet project, which is now in its sixth year of operation, provides 
national-scale coverage for hazard detection, emergency response and data collection to increase 
the quality, applicability and confidence limits of hazards and engineering research. GeoNet is 
funded by the Earthquake Commission, operated by GNS Science and consists of national 
broadband seismograph, accelerograph and continuous GPS networks, and dense networks in 
areas of higher hazard, transmitting data to two independent data centres. Two important 
features of the GeoNet project are the integration of a wide range of monitoring networks and 
technologies into a national system, and the concentration on societal good through both 
hazards alerts and the availability of high quality research data. Strong ground motion is 
monitored by a national network of wide dynamic-range accelerographs, supplemented by dense 
regional networks in special areas. The building response programme is installing instruments in 
a variety of structural types to develop enhanced structural health monitoring (SHM) techniques 
and to provide data for the validation of engineering designs. The data recorded by the project 
are made available via the GeoNet web site (www.geonet.org.nz). 

1 INTRODUCTION 

New Zealand sits astride the Pacific-Australia plate boundary and is thus prone to earthquakes, 
volcanic eruptions, tsunami and landslides. In recognition of the need to mitigate the geological risk, 
the New Zealand Earthquake Commission (EQC) is providing funding for a real-time hazard 
monitoring and data collection system (GeoNet) for on-going research into earthquake, volcano and 
other geological hazards, and the engineering requirements of mitigating the hazards. The decision to 
fund this undertaking came after several years of inter-agency consultation and review by both New 
Zealand and international experts. An important feature of GeoNet is the strong integration of the 
observation systems for the range of geological hazards New Zealand faces. The emphasis is on 
national scale problems caused by the active nature of the New Zealand landscape. GeoNet therefore 
includes national scale networks to record the deformation of the landscape at a range of wavelengths, 
and the effects of long term and sudden changes on the New Zealand community. It is a long term 
project to design, install and maintain an enhanced geological hazard monitoring and data collection 
system for New Zealand. The project is operated by GNS Science in partnership with a large number 
of New Zealand organizations, and is currently in its sixth year of operation; most of the core 
monitoring system is now in place. 

This paper introduces the GeoNet project, and provides a report on progress to date with the emphasis 
being on the strong ground motion and structural monitoring roles of the project and the future 
developments in these areas. 

2 WHAT IS GEONET? 

New Zealand GeoNet is a strongly integrated set of data collection, transmission and analysis systems. 
The monitoring activities which are carried out internationally in a number of different, independent 
organizations are brought together in New Zealand in the one project: GeoNet. The GeoNet system 
consists of national scale seismograph, strong ground motion, structural monitoring and continuous 
geodetic GPS programmes; regional seismic, strong ground motion and CGPS networks; and an 
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enhanced volcano-chemistry and remote monitoring capability. The GeoNet infrastructure includes a 
New Zealand wide Internet Protocol (IP) based wide area computer network, which makes it easy to 
add extra monitoring technologies to the system.  

The GeoNet project operates two data centres (at Avalon near Wellington and Wairakei near Taupo) 
to provide backup in case of disruption to one of the sites. All seismic and GPS data are telemetered to 
the two data centres using radio, land-based and satellite communications systems employing Internet 
Protocol (IP) data transfer techniques. Strong motion data is sent from remote sites to the data centres 
when acceleration thresholds are exceeded using mobile phone or landline systems, some of which 
also use IP techniques.  

Two 24/7 duty teams (one in the Wellington region and the second in Taupo) are operated by the 
GeoNet project to provide information to the general public and the emergency response community 
directly and via the GeoNet web site (www.geonet.org.nz). 

3 STRONG GROUND MOTION NETWORKS 

Several components of the GeoNet system contribute to the collection and utilisation of strong ground 
motion data. These include both national scale and regional scale networks, and a structural 
monitoring programme. The national scale network comprises a National Strong Motion Network and 
a National Seismograph Network, giving a total of over 220 recording locations. There are also 
regional strong motion and seismograph networks contributing to the characterisation of the 
earthquake activity in New Zealand. However, only the Canterbury region has a dedicated strong 
motion network (section 3.2). The other regional networks use weak motion sensors which overload 
during strong shaking, but these are still useful for monitoring moderate shaking and accurate 
earthquake location. When complete the regional networks will consist of more than 60 regional 
strong motion stations, mainly in Canterbury, and more than 120 weak motion sites in the volcanic 
regions and along the east coast of the North Island above the subduction zone. 

3.1 National Strong Motion Network 

The New Zealand National Strong Ground Motion Network consists of 180 stand-alone high dynamic 
range accelerographs situated in locations where New Zealanders live and work (Figure 1) and the 40 
strong ground motion sensors at the National Seismograph Network sites. The prime purpose of the 
strong motion network is to record ground motion data in New Zealand towns and cities, including 
data for near-fault ground motions, regional attenuation and microzone effects, as well as providing 
ground truth shaking data for emergency response. 

3.2 National Seismograph Network 

The six-component (3D broadband and 3D strong ground motion) recording sites of the New Zealand 
National Seismograph Network are located throughout the country (at about 100 km spacing) to 
provide a uniform location and data collection capability for the study of New Zealand and 
international tectonic problems. The strong motion sensors extend the National Strong Ground Motion 
Network for regional attenuation studies, and extend the dynamic range capability of the sites. The 
National Seismograph Network is also used, along with the regional seismograph stations and the 
National Strong Ground Motion Network, to provide rapid earthquake locations for public information 
and responding agencies. 
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Figure 1. New Zealand strong ground motion recording sites. Green symbols are National Strong Ground Motion 
Network sites and red symbols are National Seismograph Network sites. 
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3.3 Canterbury Regional Strong Motion Network 

The Canterbury strong ground motion network (CanNet; see Figure 2) is a regional accelerograph 
network being installed in the central South Island in anticipation of a M8+ rupture on the Alpine 
Fault. This fault stretches much of the length of the South Island of New Zealand and forms the 
boundary between the Australian and Pacific plates in the region. It last ruptured in 1717 (Wells and 
Goff, 2006). CanNet comprises about 40 accelerographs spread across the South Island aimed at 
acquiring attenuation data, as well as 20 instruments distributed over the city of Christchurch with its 
highly variable ground conditions. This network is employing the New Zealand manufactured CUSP 
accelerographs, an “Internet appliance” style instrument using a triaxial MEM silicon sensor, a single 
board Linux computer, and standard Internet communications protocols. At some of these sites, the 
17-bit CUSP-3C version of the instrument will be used, to supplement the standard 13-bit CUSP-3B.  

The development of the CUSP instrument was carried out during the doctoral thesis of Avery (2005). 
In designing the accelerograph, there were three main design objectives: The first was to keep the 
initial cost of the instrument low; the second, to minimise maintenance costs; and the third was to 
protect against component obsolescence. Of the first two, the latter is more important in the overall 
cost of running of a network. Experience has shown that the main cost in operating a network is in the 
routine maintenance of the instruments, with most of that cost being in travel to the dispersed sites. 
Thus, in designing the CUSP instrument, much effort was given to minimising the need for site visits 
by providing remote access to event data, instrument status and instrument configuration via standard 
IP networks. The construction cost was kept down by the use of micro machined (MEMs) 
accelerometers, originally developed for the automotive industry to trigger car air bags, but 
subsequently made available with characteristics more suitable for seismology. Much of the design 
effort went into extracting better performance from these mass-produced devices by extensive 
calibration and data processing. Because strong-motion accelerographs have a long working life, a 
further design objective was to minimise vulnerability to obsolescence. 
 

 
 
Figure 2. The Canterbury Strong Ground Motion Network. Light green squares are CanNet sites, dark green 
squares are National Strong Ground Network sites, and red circles are National Seismograph Network sites 
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3.4 GeoNet Structural Monitoring Programme 

The GeoNet structural monitoring programme will instrument a variety of structural types to test 
engineering assumptions and develop enhanced structural health monitoring (SHM) techniques. The 
current programme will instrument up to 30 buildings over the next few years once the planned two 
trial installations are evaluated. The plan is to extend this programme to bridges and other structural 
types using support from other New Zealand organizations. 

A prototype installation is currently operating in the Physics Building at the University of Canterbury. 
A prototype ring-laser rotation sensor is also under development in the same university building in 
conjunction with collaborators in Germany. Another building is being instrumented in Wellington in 
the near future and the data collected from the two buildings will be evaluated to validate SHM 
methodologies, as well as to assess these typical New Zealand structures. 

A multi-sensor version of the CUSP accelerograph, whose central unit synchronises sampling, data 
management and transmission from up to 32 remote triaxial high-dynamic-range sensors (Figure 4b), 
is being used for the University of Canterbury trial. The CUSP-M multi-channel seismic datalogger is 
based on the operating system and application suite of the CUSP-3B but is configured for dense arrays 
or structural monitoring. The use of robust Low Voltage Differential Signaling (LVDS) 
communications between the sensors and datalogger, and remote signal data conversion, allows 
sensor-to-processor cable runs of many kilometres. Low-cost CAT-5 Ethernet cable is used, and many 
structures can be instrumented using the pre-installed Ethernet network cabling, decreasing both the 
installation time and cost, and minimising the disruption to the buildings’ inhabitants 

4 GEONET DATA AND INFORMATION 

All data collected by the GeoNet project are made freely available via the GeoNet web site 
(www.geonet.org.nz) in various forms, and strong ground motion data is used to quickly assess the 
level of shaking experienced by the instrument networks. The GeoNet web site also provides a means 
for individuals to report their experience of felt earthquakes, and this information is then made 
available to assess the effects of events (Figure 3).  

A strong ground motion site usually provides the closest instrument to the location of felt earthquakes 
and these instruments therefore provide vital information to help locate and estimate the size of events. 
Now that all instruments have absolute timing (using GPS locked clocks) this function is easily 
integrated with the core use of these instruments in providing strong ground motion information. 

The information about events is made available to the emergency management community and the 
general public via a variety of means including email, text messaging and pager messages, and well as 
on the GeoNet web site. Methods of making this information available via other electronic means are 
currently being developed so that the automated systems operated by the emergency management 
community can retrieve information as soon as it becomes available. 

The next development will be to provide instrumental shaking information for the GeoNet instruments 
as soon as it becomes available. This will allow the effects of earthquakes to be assessed before the 
location of the event is known, thus speeding up the response time. 
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Figure 3. Felt (round symbols) and instrumental shaking (square symbols) for a magnitude 5.5 
earthquake (star) at a depth of 100 km recorded on 18 November 2006 at 3:38 am. The colour scale 
goes from grey (MM3) through light blue (MM4) to green (MM5). 

5 FUTURE DIRECTIONS 

When the GeoNet project began in 2001, most of the strong ground motion instruments in New 
Zealand did not have absolute timing, and many were still analogue devices requiring digitisation 
before the data could be used. The changes from this norm began in 1999 with the installation of 30 
pilot sites using wide dynamic range instruments with GPS timing. This allowed the instruments to be 
used to locate earthquakes as well as to record the peak ground acceleration, because all events were 
recorded with accurate timing. This trend continued in the GeoNet project and is now considered the 
standard with instruments capable of recording up to 2g, but also able to accurately record and time 
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any felt earthquake.  

What is the future of strong ground motion recording in New Zealand? Technology is going to allow 
continuous real-time array recording, and advances in modelling techniques are likely to make this 
beneficial in the next few years.  

An example of these developments is a proposed dense 20-node array of triaxial accelerometers near 
the Alpine Fault to image the rupture of the fault when the expected event occurs.  This array will use 
synchronised high-resolution accelerometers, with the array design based on the PhD work of 
Francois-Holden (2004). In some locations (the Hutt Valley being an example) continuous recording 
arrays may become the norm for the recording of strong ground motion allowing the data to be used to 
model the response of basin structures. 

At present the focus of the GeoNet strong ground motion recording programme is on capturing data 
from large earthquakes that can then be used to improve the engineering design of structures. 
However, in future it is likely that this data will also be able to be used, in conjunction with advances 
in structural health monitoring (SHM) techniques (Chase et al, 2005a,b,c), to provide accurate 
estimates of building damage following a large earthquake. At present GeoNet and SHM methods 
offer two disparate forms of hazard monitoring. The former focuses on the overall regional hazard and 
the latter is focused on a specific local piece of infrastructure. The long term goal for these two 
approaches is to combine them to enable real-time assessment of damage and risk for broad regions. 
The critical link that is missing is the ability to cover the "distance" between a specific monitored 
structure and a GeoNet monitored region. This gap could be bridged by developing methods that can 
infer the damage state of unmonitored structures and/or systems from selected, geographically 
distributed monitored infrastructure (e.g. Gledhill et al., 2006).  

6 CONCLUSIONS 

The New Zealand GeoNet project is an example of an integrated geological hazards monitoring 
system that provides high quality data and information for science and engineering research, together 
with support for emergency and risk management decision making. The project incorporates best 
international practice but is world leading because of the integrated approach. GeoNet is now reaching 
a stage where it can contribute strongly to the whole spectrum of risk management techniques to allow 
the community to understand, mitigate, respond to, and recover from geological hazards events. 
However, the task is only just beginning, and the challenge now is to extend the technical integration 
of GeoNet into the community so that full advantage can be taken of the investment in the project 

Another challenge is to continue strengthening the GeoNet concept as new technologies and 
techniques are developed, so that we will never again be in the pre-GeoNet situation where New 
Zealand was poorly monitored considering the high level of geological hazard we face. 

The developments described in this paper offer the possibility of extending the GeoNet concept to 
provide effective monitoring of the built environment with the other geological hazards covered by the 
system and provide tools to allow community involvement in risk reduction and post-event recovery. 

. 
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