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What we want to observe with C-GNSS? 

Moreno et al, 2010 

Wang et al, 2007 

GNSS observation for: 
 
•  Seismic cycle 
•  Intra plate 
•  Fault systems 
•  Volcanoes (SERNAGEOMIN) 
•  Early warning  
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Status of all GNSS networks in Chile 

 
CAP/IGM/UDEC stations 
UDEC/GFZ/IGM stations 
IPGP/DFG stations 
CALTECH stations 
GFZ/IPGP/DGF stations 
 
More than 151 C-GNSS 
 



CSN current status 

•  76 stations ready installed 
•  54 remaining stations 
•  130 in total for this project 
•  40 with RTX capabilities 
•  4 stations was vandalized 
•  Not all of them with good 

communications at the moment 
•  92% are stations replaced from 

IPGP/CALTECH/CAP/FENIX 
(UNAVCO et al) 

•  21 stations will be in a multi-
parametric sites (velocities, 
acceleration and displacement) 

•  We have a open data policy!!! 
  jcbaez@csn.uchile.cl 

http://www.csn.uchile.cl 



CSN current status 

•  RAW data available 
in 1hz 

•  RINEX data available 
in 15 sec 

jcbaez@csn.uchile.cl 



Status of C-GNSS stations under CSN 

Monumentation 



Network design for EW 

Detectability threshold of actual CSN network. 
(Thanks Francisco del Campo) 
 
The scale of colors displays the minimum moment 
magnitude (MW) to observe a 40 mm horizontal 
displacement due to an inter-plate earthquake. 
 
 
•  It is clear that coast-stations are more sensitive;  
•  For great earthquakes (>8.0) coast-stations still 

have better response, but inland stations 
become of increasing importance; 

•  We will increase the number of stations near to 
coast, to have one every 40 km 



Schedule of CSN solutions 

1 hz observation 

Storage in mem 

RTX reading 

NMEA streaming 

RTCM streaming 

Time, X, δ 

NTRIP 

PPP Dif. Positioning 

Input for EW Data Storage 
and publishing 



Results from Pisagua EQ 2014 



Results from Pisagua EQ 2014 



Results from Pisagua EQ 2014 



Results from Pisagua EQ 2014 



Results from Pisagua EQ 2014 



Results from Pisagua EQ 2014 



Results from Pisagua EQ 2014 



Results from Pisagua EQ 2014 



Results from Maule EQ 2010 



Results from Maule EQ 2010 



Results from Maule EQ 2010 



Results from Maule EQ 2010 



Results from Maule EQ 2010 



Time-series outside the 
Maule rupture zone 

cGPS stations +700 km from Maule rupture zone 
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Difference before & after the 
Maule EQ. 
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Difference before & after the 
Maule EQ. 

Increase of inter-seismic velocities outside rupture area 
 
Acceleration in the slab velocity after the Maule EQ? 
 
Increase in locking degree at the adjacent segments? 
   



NRT solutions 



Results  

NRT RTX-NMEA 
streaming 



Results  

NRT RTX-NMEA 
streaming 



Results (5) 

NRT RTX-NMEA 
streaming 



Results 

NRT PPP 



Results 

NRT PPP 



Results 
Velocities field of Nazca plate   locking rate deficiency 

GMT 2006 Jun 16 09:08:33

Obs. GPS 2002-2005
Vel. c/r SAM fijoVel. Obs.

Báez & Bataille 2006 
Baez et al 2015 (in preparation) 



Results 
Acceleration v/s displacement 

We have displacement from 
GNSS and we integrate 
acceleration to correct 
displacement measurements 
Appling Kalman Filtering 
   
 
(data from Trimble SG160-09) 



Final Remarks 

•  Network need to be re-designed for EW 

•  Good communications are still the key of the system 

•  Redundancy of the system for NRT are strongly necessary (RTX – PPP) 

•  Filter applications is necessary for false-positive detections 

•  We need to implement our own software application to eliminate external 
dependencies 

•  Integrations of multi-sensor observations are our next step 



Thanks to 

TIGO 

Thanks you!!!! 
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