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a. Summary 
One of the priorities of SCEC4 is to investigate stress transfer from plate motion to crustal 
faults. Surface crustal velocities are one of the key boundary conditions needed for developing 3-
D stress rate models.  The quality and quantity of GPS and InSAR data are increasing rapidly 
and many groups are developing detailed crustal velocity models.  We have identified two areas 
of weakness in these models - the southernmost SAF system in the Mexicali Valley and the 
small-scale deformation near faults having shallow interseismic slip.  Over the past year we 
have: collaborated with other SCEC and PBO scientists to develop a time-dependent Community 
Geodetic Model (CGM) at variable spatial resolution; worked with CICESE scientists to acquire 
spatially dense GPS velocities across the Imperial and Cerro Prieto Faults and; participated in 
SCEC workshops related to the development of the Community Geodetic Model as well as the 
Community Stress Model. 
 

b. Report 
 

(1) Collaborate with other SCEC and PBO scientists to develop a time-dependent Community 
Geodetic Model (CGM) at variable spatial resolution.  
 
Lohman and Sandwell led the InSAR part of the Community Geodetic Model (CGM) efforts 
culminating in a report of the 2014 CGM Workshop held prior to the annual SCEC Meeting in 
Palm Springs, CA.  The workshop participants were given a stack of ERS and ENVISAT SAR 
images across the San Bernardino section of the San Andreas Fault zone.  The objective was for 
each participant to create an InSAR time series from the stack and to compare time series during 
the workshop.  Prior to the workshop we held two videoconferencing meetings where 
participants exchanged preliminary results.  This effort worked very well so most of the analysis 
was completed prior to the workshop.  The workshop findings and best practices are provided in 
the CGM annual report, SCEC Award 14014. 
 
One of our major efforts this past year was to participate in the ALOS-2 CAL/VAL science team 
to assess the geometric and interferometric accuracy of ALOS-2 data.  This has involved the 
development of a pre-processing capability for the GMTSAR software.  These tools are freely 
available at the GMTSAR web site http://topex.ucsd.edu/gmtsar.  In addition, we are developing 
pre-processing capabilities for Sentinel-1 strip mode and ScanSAR data.  The ScanSAR data 
being collected by ALOS-2 and Sentinel-1 are mostly along descending orbital tracks, which will 
provide a second look direction for the development of a 500 m resolution CGM. 
 
In addition to our participation in the CGM we have used a viscoelastic earthquake cycle model 
to assess the apparent mismatch between geological and geodetic slip rates along the Mojave 
segment of the San Andreas Fault [Tong et al., 2014].  The viscoelastic earthquake cycle models 
have generally higher slip rates than the half-space model because most of the faults along the 
SAFS are late in the earthquake cycle, so today they are moving slower than the long-term cycle-
averaged velocity as governed by the viscoelastic relaxation process. 
 
Additional modeling of the vertical deformation around the Cerro Prieto geothermal area shows 
that the stressing rate resolved on the hypocentral area of the El Major-Cucapah rupture exceeds 
the tectonic stressing rate in the region (Figure 1).  A study by Trugman et al. [2014] shows that 



   

the anthropogenic stress caused by extracting large volumes of hot water from the region could 
have triggered the rupture sequence.  
 

	  

Figure 1. Coulomb stressing rates in the El Mayor-Cucapah (EMC) rupture zone due to fluid 
extraction at the Cerro Prieto Geothermal Field (CPGF).  Typical values are 20 kPa/yr and this 
plant has been in full operation for > 20 years so the integrated stress change is perhaps 400 kPa.  
The F1, F2 and F3 subevent fault planes are shown for reference, with the assumed hypocentral 
depth of 5 km marked with a red dashed line. The color scale ranges from -30 to 30 kPa/year, 
with contours displayed in increments of 10 kPa/year. Coulomb stressing rate at 5 km depth are 
plotted for the fault geometries of: (a) the Mw 4.3 foreshock (strike = 187°, dip = 79°, rake = 5°), 
(b) the F1 EMC subevent (strike = 355°, dip = 45°, rake = -80°),  (c) the F2 EMC subevent 
(strike = 312°, dip = 75°, rake = -180°), and (d) the F3 EMC subevent (strike = 131°, dip = 60°, 
rake = -180°). 

 



   

(2) Work with CICESE scientists to acquire spatially dense GPS velocities across the Imperial 
and Cerro Prieto Faults.  
 
We continue to work with CICESE scientists to acquire spatially dense GPS velocities across the 
Imperial and Cerro Prieto Faults in the Mexicali Valley to better constrain the velocity field of 
the southernmost San Andres Fault System (Figure 2).  In October of 2014, Alejandro Gonzalez-
Ortega joined our research group as a postdoctoral scholar.  The main focus of his research, 
partly funded by this SCEC award, is the analysis and interpretation of the GPS and InSAR data 
in the Mexicali Valley. Our CICESE/SIO group resurveyed two GPS arrays using the rapid-static 
approach with two 60-90 minute occupations at each monument. The DD line was resurveyed in 
February of 2014 and the CC line was resurveyed in January of 2015. All of these data are being 
archived at UNAVCO. Three new monuments of the CC line were replaced due to the rebuild of 
the aqueduct. These monuments consist of stainless steel couplers cemented into preexisting 
concrete structures. 
 

  
 
Figure 2.- (left) Location map of the region around the Imperial and Cerro Prieto Faults in Baja 
California, Mexico. Over the past 5 years we have deployed and surveyed two lines of GPS monuments 
across the Imperial Fault (DD-LINE) and Cerro Prieto Fault (CC-LINE) to better characterize their 
moment accumulation rates and thus their seismic potential. All of these data are being archived 
at UNAVCO. (right) Participants in the January 2015 GPS survey of the CC line. Left to right at top: 
Alex Gonzalez, Wesley Neely, Dan Bassett, Julia Ruth, Daniel Trugman, John Desanto and Brendon 
Mendenhall. Left to right at bottom: Soli Garcia, David Sandwell, Javier Gonzalez, Alejandro Hinojosa, 
Gretel Nava and Manuel Contreras.  
 
(3) Participate in SCEC workshops related to the development of the Community Geodetic 
Model as well as the Community Stress Model.   
Sandwell assisted Karen Luttrell and Bridget Smith-Konter in the development of a 3-D stress 
model for California based on a published stress-rate dislocation model, a regional stress tensor 
and the stress needed to support the surface and Moho topography.  The results are provided in 
the SCEC Annual report, SCEC Award 14152. 
 
 

 
 
 



   

d. Intellectual Merit and Broader Impacts 
 

Intellectual Merit - The San Andreas Fault System (SAFS) is a natural laboratory for investigating 
the physics of the earthquake cycle along a major continental transform boundary.   Two of the key 
parameters that can be used for seismic hazard assessment are seismic moment accumulation rate and 
strain accumulation rate.   The GPS component of the Plate Boundary Observatory (PBO) provides 
accurate vector velocities (< 1 mm/yr accuracy) at a spacing of 10 to 20 km along the SAFS.  
However, the velocity gradient (strain rate) varies most rapidly within 20 km of the major faults, so 
strain rate is not well resolved by the GPS data alone.  Radar interferometry (InSAR) provides 
deformation maps at 100 m spatial resolution, although factors such as temporal decorrelation and 
atmospheric path errors have made it difficult to achieve this full resolution with sufficient precision 
to improve upon the GPS measurements.  The primary focus of our research is to construct high 
spatial resolution vector surface deformation measurements by combining the high accuracy point 
measurements provided by PBO GPS data with the high spatial resolution InSAR measurements. 	  
 
Broader Impacts - These proposed research activities will contribute to the objectives of  SCEC by 
further advancing our understanding of fault system crustal dynamics, earthquake hazards, and data 
synthesis.  The fundamental earthquake science being explored by this research has substantial 
societal relevance, as earthquake cycle strain rate estimates are poised to help mitigate seismic 
hazards. 
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