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During the past year we have completed the following: 
 
1) Contributions to UCERF3 

We participated in a workshop to incorporate geodetic surface deformation data into 
UCERF3.  Our main contribution was to assemble and assess 17 strain rate models 
provided by the geodetic community for this effort.  Crustal strain rate is produced by 
two related processes.  Strain rate along faults, which can have large amplitude (100 - 
3000 nanostrain per year), is concentrated within 10-50 km of the fault trace depending 
on the locking depth of the fault.  The second process producing strain rate is widespread 
deformation of the crustal blocks.  This strain rate generally has much lower amplitude 
(10 – 100 nanostrain per year) and can be masked by the larger near-fault component.  
Both of these components of strain rate may help in forcasting earthquakes (Figure 1-
right).   

The main findings of this exercise, published in Hearn et al., [2010], are that that the 
strain rate maps are very different from one another and it is difficult to determine which 
maps are closer to the true strain rate.  The large variation of the models confirms that the 
current distribution of GPS data does not resolve the spatial variations in strain rate.  
There are basically three ways to improve strain rate mapping.  First one can densify the 
GPS data so the characteristic data spacing is less than the spatial variations in 
earthquake-related crustal strain (see 2 below).  Since this spatial scale is approximately 
equal to the locking depth, a station spacing of perhaps 5 km or smaller is required.  A 
second approach is to use stacks of interferograms to map the interseismic deformation at 
scales less than the characteristic spacing of GPS stations (see 3 below). A third approach 
is to change the model parameterization by including additional information such as the 
locations of the major faults, their long-term slip rates, or the locking depth.  This third 
approach of specifying the fault locations, called “block modeling” is a common 
approach published in many papers. Since the UCERF3 model must be completed in 
2012, the consensus was that the block modeling approach, available today, would be 
used for the UCERF3 model.  



 
Figure 1. (left) Strain rate model derived from fitting a continuous horizontal velocity field through 2053 
GPS velocities [Kreemer et al, 2009].  (right) UCERF-2 probabilities of a nearby earthquake rupture 
(within 5 or 7 km) of magnitude 6.7 or larger in the next 30 years. The chance of having such an event 
somewhere in California exceeds 99%.  The 30-year probability of an even more powerful quake of 
magnitude 7.5 or larger is about 46%. 

 
2) GPS Survey of the Cerro Prieto Fault, Baja California  

Over the past two years we (SIO and CICESE) have installed GPS arrays across the 
Imperial and Cerro Prieto Faults to better characterize their moment accumulation rates 
and thus their seismic potential.  The 19 monuments of the DD-line (Figure 2) were 
deployed in March of 2010 just prior to the El Major-Cucapah event on April 4 and they 
were first surveyed twice in May 2010.  The 17 monuments of the CC-line were deployed 
in February of 2011 and surveyed twice in March of 2011.  The total aperture and 
spacing of the monuments is optimal for estimating locking depth (~8 km).  All of the 
monuments consist of stainless steel couplers cemented into preexisting concrete 
structures - mostly aqueducts.  The antennas are screwed directly into the couplers for 
accurate and rapid deployment and the monuments follow roads for easy access.  The 
relatively large number of monuments will help to identify those that have poor 
performance because of soil instability or groundwater variations.  Since we expect a 
total variation of >30 mm/yr across each aperture, the 2-year span from the DD-line 
should show a significant interseismic signal and the 1-year span of the CC-line will 
show a marginal signal.  It should be noted that both signals will be contaminated by the 
postseismic deformation following the El Major-Cucapah earthquake.  Nevertheless, we 
feel it is important to begin monitoring these two arrays so that 5-10 years from now we 
will have a good estimate of the moment accumulation rates of these major faults. 



Figure 2. Location map of the 
region around the Imperial and 
Cerro Prieto Faults in Baja, 
Mexico. CICESE and SIO 
have installed two arrays of 
GPS monuments across the 
Imperial Fault in Mexicali and 
the Cerro Prieto Fault.  Two 
CGPS sites were recently 
installed by UNAVCO south 
of YUMA and in the Cucapah 
mountains.  These two sites 
will serve as the 1 Hz 
reference stations for our re-
surveys of the CC and DD 
lines.  Data from these surveys 
have been archived at SCEC. 
 
 

3) Combined InSAR/GPS analysis of the San Andreas Fault System 
We are developing an approach to combine vector GPS and LOS InSAR data to 

construct a surface deformation field and its uncertainty using a 
remove/filter/stack/restore technique [Tong et al., 2012] (Figure 3). This approach 
considers signal, tropospheric noise, GPS site spacing, and instrument noise 
characteristics of each system.  The main assumption of this approach is that the GPS-
based model, which is removed and restored to each interferogram, is accurate at length-
scales greater than 20 km.  

While GPS/InSAR integration has been performed in many previous studies part of 
the major improvement in this approach is to use L-band (23 cm wavelength) SAR data 
from ALOS (Figure 3) which retains coherence better than C-band (5.8 cm wavelength) 
in vegetated areas.  For example, over the highly vegetated Northern California forests in 
the Coast Range area, ALOS (L-band) remained remarkably well correlated over a two-
year period, while an ERS interferogram (C-band) with a similar temporal and spatial 
baseline lost correlation.  In Central California near Parkfield the improved coherence 
enables the recovery of a fault creep signal at L-band that was not always apparent at C-
band.  In the Imperial Valley of Southern California, ALOS had higher correlation in the 
urban areas and lightly irrigated areas. In general L-band interferograms with similar 
seasonal acquisitions have higher correlation than those with dissimilar season. This 
improved coherence of L-band over C-band improves phase unwrapping accuracy and 
overall facilitates the analysis of large stacks of interferograms for the recovery of near-
fault interseismic deformation.   



Figure 3. (a) Interseismic    
deformation of the SAFS 
derived from integrating the 
GPS observations with 
ALOS radar interferograms 
(2006-2010) using a 

remove/filter/stack/restore 
approach [Tong et al., 
2012]. The positive value 
(red color) shows the 
ground moving away from 
the satellite (81˚ azimuth, 
37° from vertical). The 
shading highlights the 
gradient in the velocity 
field. The areas with low 
coherence and large 
standard deviation (> 6 
mm/yr) are masked.  This is 
a preliminary version based 
on the analysis of 800 
ALOS L-band SAR images. 
(b) Southern part of the 
SAFS shows the broad 
transition in velocity across 
the San Andreas and San 
Jacinto Faults as well as 
shallow creep across the 
San Andreas near the 
Salton Sea.  Many regions 
of subsidence due to 
groundwater extraction are 
apparent (e.g., Indio, CA).  
(c) Central part of the 
SAFS shows the sharp 
velocity gradient across the 
Creeping Section. GPS sites 
are shown as triangles. A 

full resolution version of this LOS velocity map and standard deviation and its relationship to faults and 
cultural features can be downloaded as a KMZ-file for Google Earth from the following site. 
ftp://topex.ucsd.edu/pub/SAF_models/insar/ALOS_ASC_masked.kmz 
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