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OVERVIEW 

In 2001 the building of the Southern California Integrated GPS Network (SCIGN) of 
over 250 state-of-the-art CGPS stations was completed in Southern California.  The 
GPS stations were designed with high precision geodetic quality in mind, most 
being standard stainless steel pipe short-braced monuments using choke ring 
antennas and SCIGN domes to minimize potential antenna phase center variation. 
Additional high precision CGPS stations have been constructed since 2004 as part 
of the NSF supported Plate Boundary Observatory, following on from and 
improving on the SCIGN CGPS design.   Today more than 200 PBO CGPS stations 
are in operation in the region with a dense cluster of sites along the San Andreas 
and subsidiary faults (Figure 1). The relatively long history of the SCIGN network 
and the high quality of monuments and equipment gives a unique opportunity to 
study both the horizontal and vertical deformation field throughout Southern 
California. The addition of the PBO network has further improved the coverage of 
stations, in particular around the San Andreas fault.  The combined networks form 
an ideal platform to detect transient deformation signals in the region and evaluate 
seismic hazard. 

 



Recent improvements in GPS processing software and processing strategies and 
switching from relative to absolute antenna phase-center models for satellite and 
ground based antennas will result in more accurate rate estimation for GPS stations, 
in particular vertical rate.  In addition, tools to detect and investigate transient 
deformation signals are being developed to enable the evaluation of time 
dependent deformation and improve our understanding of underlying processes. 

Both the SCIGN and the PBO CGPS network are high precision geodetic networks 
and the CGPS station data quality is in general exceptional. The goal of this project 
is to refine estimates of interseismic crustal motion in Southern California first by 
processing in a uniform manner all data from 1994 to present from the SCIGN and 
PBO networks in Southern California using the latest processing tools and absolute 
phase center models. In particular, we hope to greatly improve upon vertical 
estimates by utilizing the IGS absolute phase center model. 

 

ACCOMPLISHMENTS 

We have analyzed data from the SCIGN and PBO networks from 1993 through 
2009.0.  We have completed the analysis of about 70% of the 260 SCIGN CGPS 
stations and we have analyzed all data to present from PBO CGPS stations built in 
Southern California (Figure 1).  Several of the PBO stations have currently only 
been in operation for a few months.   We have downloaded all data through 
present from all the SCIGN and PBO stations and our databases are up to date with 
information for all stations.    

For stations we have analyzed we have done a first order evaluations of the time 
series quality and identified problem sites.  Examples of these problem sites are 
P564 and P565 that seem to be experiencing local affects of water withdrawal, 
resulting in very noisy time series (Figure 2).   We have checked for offsets at each 
station resulting from equipment changes and have taken the first order effect of 
local earthquakes into account by assuming an offset and rapidly decaying 
postseismic signal.  When all data have been analyzed we want to revisit the effect 
of local earthquakes by evaluating the time series of each site using our recently 
developed time series analysis techniques and compare to available and published 
models for coseismic and postseismic deformation in the region. 

We have estimated an interseismic velocity field for the region, both for horizontal 
(Figure 1) and vertical (Figure 3,4).  The horizontal velocity field shows a systematic 
pattern of deformation with stations moving west toward the plate boundary in the 
eastern part of the region and then parallel to the boundary with increasing velocity 
from east to west.   We also notice some variations where local faults influence the 
pattern of deformation, e.g. in the Mojave region.  The data we have analyzed have 
revealed interesting pattern of vertical deformation (Figure 4).  In particular we see 
large subsidence (about 30 mm/yr) that seems to correlate with the deep seated 



“Isobella anomaly” in the Central Valley.  However this is slightly complicated by 
the apparent hydrologic signals at few of the stations in the valley and lack of good 
quality bedrock stations.  However all sites in the valley are generally subsiding.    
These results are promising and we hope to improve the vertical deformation field 
by including more data and finish analyzing data from other stations in the region.  

 

FUTURE GOALS 

We have presently analyzed data from 70% of the SCIGN stations and all of the 
PBO CGPS station in Southern California. We plan to finish the remaining analysis, 
mostly around the LA area, add more data to stations time series as time goes by 
(critical for the PBO stations), and start the more rigorous evaluation of the stations 
time series.  We plan to look more systematically for none linear signals both 
resulting from postseismic and other sources. To assess the temporal behavior of 
crustal deformation, we will employ new time series analysis techniques that have 
been developed at the University of Arizona for the EarthScope Plate Boundary 
Observatory. The techniques are specifically designed for scrutinizing the time 
dependence of crustal deformation.   We hope to compare our results with 
available and published models for coseismic and postseismic deformation in the 
region.  We will continue to monitor stations time series and identify oddities such 
as local effects due to ground water withdrawal and/or unexplained or equipment 
related offsets at sites. Following this analysis we hope to present an up to date 
interseismic velocity field for Southern California in a web based product where 
time series for individual stations are shown along with their interseismic velocity 
estimates.  Lastly we hope to continue to use the estimated vertical deformation in 
the region to better understand various sources of deformation in the region.  We 
hope that the interseismic velocity estimates, in particular the vertical data, will fuel 
the interest of other parties and investigators in this tectonically complicated part of 
the plate boundary. 

 

FIGURES 



 

Figure 1. CGPS stations in Southern California and their horizontal velocity.  Blue 
squares show SCIGN CGPS stations, green squares show PBO CGPS stations and 
red circles show CGPS stations that are analyzed by UofA.  The white vectors 
show the estimated velocity in the SNARF version 1.0 reference frame using 
available data from 1996.0 to 2008.9 and error ellipses represent 95% confidence 
level. 

 



 

Figure 2.  Example of problem time series for PBO sites P564 and P565, with P563 
for comparison.  Vectors show the estimated velocity in the SNARF version 1.0 
reference frame.  Site P564 and P565 seem to be experiencing local signal, 
possible related to water withdrawal.  P563 does not appear to be affected by this 
signal. 

 



 

Figure 3.  Vertical rates in Southern California in SNARF reference frame 
estimated from all available data 1996.0 to 2008.9.  The color of dots gives 
vertical rate and symbol size is inversely proportional to formal uncertainty.    

 



 

Figure 4.  Vertical rates in Southern California in SNARF reference frame 
estimated from all available data 1996.0 to 2008.9.  The white squares show sites 
used to created the contours, red contours indicate subsidence and red uplift.  
The contour interval is 3 mm/yr.  The large subsidence in southern Sierra Nevada 
correlates well with the “Isobella anomaly” seen in seismic studies.  

 


