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Abstract
Because the signal is so big, great earthquakes allow us to make quantum leaps in our understanding 
of Earth deformation process and material properties. The Maule earthquake, with its occurrence near 
a large subaerial landmass and the large numbers of instruments available to study it, will surely 
become one of the most important geophysical events in modern memory. Much of the important 
signal, however, decays and changes rapidly in the short-term following the event (weeks-months) and 
so a rapid response is necessary. Actually delivering the data from the CGPS response stations, 
however, represents an intellectual challenge in terms of properly matching the engineering realities 
with the scientific desiderata.

We expect multiple major science advances (as well as unforeseen ones) to come from these data. 
Specifically: (1) Understanding earthquake and tsunami-genesis via use of the coseismic displacement 
field to create the most well-constrained spatially heterogeneous fault slip and tsunami-genesis 
models. (2) The role of stress loading on both the principal thrust plane and subsidiary planes. (3) The 
relationship between ongoing fault afterslip to the main event as well as to the spatio-temporal 
distribution of aftershocks (4) Study of large aftershocks jointly using conventional seismology and 
high-rate GPS coseismic displacement seismogram. (5) Rheological behavior of the fault interface. (6) 
The mechanical response of the bulk earth to large stress perturbations.

Within 10 days of the earthquake 25 complete GPS systems were delivered by UNAVCO personnel to 
IGM and OSU staff in Santiago. Consisting of of 10 Trimble NetRS and 15 Topcon GB-1000 receivers, 
the units were deployed througout the affected area during the following three weeks, using Tech2000 
antenna masts.

We will use a combination of three different data communications systems at the 25 CGPS stations: (1) 
the satellite-based Inmarsat Broad Global Area Service (BGAN), (2) Iridium systems, and (3), ground 
based cellular internet services provided by a number of telecom companies in Chile and Argentina. 
This communication plan will allow for daily downloads of 15 sec. data and burst transmission of 1 sec. 
data for up to 10 events.

This effort will serve as the type example in the geodetic community for rapid CGPS data 
communications following a destructive earthquake. Over a period of 3 weeks, two UNAVCO engineers 
and one U. of Hawaii scientist will deploy the equipment in Chile and Argentina, respectively. The 
communications system hardware purchased during this response will become part of the UNAVCO 
pool after one year and will be available for future PI projects and event responses.

CGPS stations associated with the Maule earthquake. Red triangles, NSF-supported RAPID sites. 
White triangles, prexisting sites from the CAP project (Bevis, Brooks, Smalley) as well as publicly 
available sites in Argentina. The color contours represent the initial estimate of co-seismic slip on the 
megathrust plane performed by Anthony Sladen (Cal Tech) using a joint inversion of teleseismic and 
geodetic data.

Data Communications for Maule Earthquake Response
Delivering time-critical continuous GPS (CGPS) observations to the geodetic and hazard-mitigation 
community in response to destructive earthquakes represents a significant technical challenge. Rapid 
installation and operation of post-event CGPS stations is relatively straightforward, but data transfer, 
due to large and unpredictable variations in pre- and post-earthquake communications infrastructure, 
is a major potential latency sink. Clearly, an autonomous solution utilizing satellite communication 
systems is optimal; however, it is not cost-viable for the total time periods (> 1 year) of interest. Thus it 
is desirable to develop a hybrid event-response scheme that permits both short- term autonomy and 
longer-term transition to local communications infrastructure.

UNAVCO has developed stand-alone communications systems that have been installed at 25 CGPS 
stations deployed in the immediate aftermath of the Maule earthquake.  Outfitted with autonomous 
solar-controlled battery power, they utilize one of three different data communications systems:
(1) The satellite-based Inmarsat Broad Global Area Service (BGAN)
(2) Iridium systems, and 
(3) Ground based cellular internet services provided by a number of telecom companies in Chile and 
Argentina such as Entel and Movistar.

Iridium systems have been widely used for GPS data communications for many years under special 
pricing agreements for NSF-OPP projects.  While effective, the Iridium uses antiquated protocols that 
are slow and GPS receiver serial interfaces that are failure-prone.  Additionally, commercial service 
rates are prohibitively expensive for uses other than state-of-health monitoring rather than downloading 
meaningful quantities of data.

Cellular internet networks have been successfully used for data communications at over 600 
permanent GPS stations for the past 5 years at the UNAVCO-operated Plate Boundary Observatory in 
the United States.  The experiences gained during the construction of PBO which coincided with the 
rapid expansion of celluar internet service and technology by both UNAVCO and hardware 
manufacturers have led to its successful use in many other parts of the world; GPS data have been 
transferred to UNAVCO using Proxicast and Digi-manufactured modems in Costa Rica, Saudi Arabia, 
and at rapid-response stations built in Haiti earlier this year.  Proxicast devices are being used 
succesfully in both Chile and Argentina, but service availability must be demonstrated at each location.  
Cellular service is by far the most economical of the three options, but it is subject to disruption due to 
the very phenomena that we study: strong ground motion caused by aftershocks.

Use of the newer Inmarsat Broadband Global Area Network (BGAN) system for GPS data 
communications is being attempted for the first time by UNAVCO in Chile and Argentina.  Recent 
refinements in BGAN terminal firmware and satelite system configuration have helped overcome 
obstacles that hampered earlier efforts, which used systems that were not designed for autonomous 
use.  UNAVCO’s recent testing of Wideye Sabre 1 BGAN terminals using Inmarsat SIMs configured 
with static IP addresses have been successful in transferring data from GPS receivers at broadband 
speeds; power consupmtion of the devices are such that a single solar panel can power a system for 
12 or more hours of operation per day.  The flat directional antenna on the BGAN terminal is relatively 
insesnsitive to pointing errors and would withstand moderate shaking without losing connectivity as 
would a parabolic VSAT antenna, making the system especially suitable for earthquake response.  
Coverage afforded by three satellites in geosynchronous earth orbit (GEO) is global in all but Arctic and 
Antarctic latitudes.

Depending on service plan, data costs for downloading standard-rate daily GPS files using BGAN can 
be as low as $150/month.  However data usage must be carefully monitored to ensure that large 
unxepected charges are not incurred as data overages are charged at US$7.50/MB.  As no 
unexpected problems have arisen during the pioneering use of BGAN at the Maule stations, a new 
demand for BGAN services may arise, and the earth science community may be able to negotiate 
lower prices with Inmarsat.  The AfricaArray project is currently in discussions with the BGAN service 
providers regarding this possibility as this technique is ideally suited for use in remote and primitive 
locations in africa.

The communications system hardware deployed during the Maule response will become part of the 
UNAVCO pool after one year and will be available for future NSF-funded PI projects and event 
responses.

Iridium Satellite 
(Commercial rate)

BGAN 
Satellite

Cellular 
Internet

State-of-Health only $25/mo $35/mo $40/month
Daily 15-sec Downloads 
(1MB/day) $13,000/mo $250/mo $40/month
24 hrs/day 1 Hz File Transfers 
(1GB/month) $90,000/mo $12,000/mo $40/month

Bandwidth 2,400 kb/sec 240,000kb/sec 100,000 kb/sec

Power
5W active                           

2.5W Standby
20W active                

6.5W Standby 5W average
Power System Unit Cost $800 $800 $800 
Terminal Unit Cost $2,500 $1,400 $650 

Geographical, Political, or
Logistical Considerations

Global coverage but may 
have country specific 

constraints.  In widespred 
use only in Polar projects 
under special US  DoD 

pricing.

Global Coverage 
between 65° N and S 
latitude, no country-
specific restrictions.       

Service prone to 
interruption after 
events.  Limited 

coverage.               
Local Providers.

Enclosures can be equipped with BGAN, Iridium, or 
Cellular devices, and are timer controlled for power and 
temperature management.

Autonomous solar-powered communications 
system using the Wideye Sabre1 BGAN 
terminal.
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