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Proposed Research 
Part 1 – Sentinel-1 Time Series  
Our investigation has two main components. The first part is to continue to contribute to the  SCEC 
CGM.  Work will be done in collaboration with NASA investigator Zhen Liu. The specific tasks 
are to:  
• Develop InSAR time series for the SCEC region using Sentinel-1 data and continuous GPS 

(cGPS) time series (2015.5 until the present). Two groups, using different software and methods 
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will independently construct time series (ISCE – Zhen Liu at JPL; GMTSAR – Xiaohua Xu at 
SIO). 

• Meet quarterly (telecon) to compare results and refine best practices. 
• Automate the entire process on a 12-day cadence including: data download; re-frame raw 

products; align the new SLC image to the stack; form interferograms going back ~60 days, align 
the LOS deformation to cGPS data (optional), update displacement time series, and deposit high 
level products at UNAVCO. 

• Participate in the CGM and associated workshops for product feedback and updates. 
• Use results for scientific investigations. 
 
Part 2 - GPS and Sentinel-1 InSAR Analysis the Cerro Prieto Fault  
The second aspect of our research is to perform and analyze campaign GPS measurements of the 
Imperial and Cerro Prieto Faults in northern Baja California, MX.  Over the past seven years, we 
have deployed and measured two GPS arrays across the Imperial and Cerro Prieto faults; and 
recently, two additional GPS arrays across the Indiviso and Tulecheck faults to better characterize 
the velocity gradient in the region. To obtain the GPS position estimates we used GAMIT/GLOBK 
software in ITRF2008 reference frame. Site velocities are computed by least squares linear fitting 
to time variation of coordinates for each station and then rotated with respect to Stable North 
America Reference Frame (SNARF). The extension of the CC and DD arrays to the west and the 
systematic Sentinel-1A and Sentinel-1B image coverage in the region, leading to improvement in 
our current understanding of fault strike slip acommodation in northern Baja California, MX.  The 
proposed 2019 campaign will provide the second estimates of velocity gradient across the 
Tulecheck and Indiviso Faults. 
 

Results from 2019  
Contribution to the Community Geodetic Model - Our main activity was to work with the SCEC 
community to further develop a time-dependent geodetic model at 500-m spatial resolution. We 
participated in CGM SCEC workshop this year and presented our line-of-sight deformation time-
series along the San Andreas Fault System derived from a combination of Sentinel-1 InSAR and 
GNSS. The time series are available https://topex.ucsd.edu/gmtsar/insargen/ . This is the first draft 
of a California-wide InSAR component for the CGM.  
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Figure 1. Deformation data along the San Andreas Fault System from Sentinel-1 and GNSS. The web interface 
(left) provides InSAR time series (ascending, descending or vertical) at any point on the map. (right) The time series 
is delivered at a tar file containing look vector, time-series, velocity map and uncertainty map.  

Three-way comparison of InSAR Time series – One of the main objectives of the SCEC CGM is 
to deliver a consensus model of deformation time series based on combined GNSS/InSAR 
analysis.  In the fall of 2019 three groups performed an InSAR time-series comparison using 
different processing methods to approach a set of best practices for the development of the CGM.  
The groups were the Jet Propulsion Laboratory, Scripps/UCSD and UC Berkeley. The data were 
processed using different software tools (e.g., ISCE and GMTSAR) and different approaches to 
atmospheric correction and merging GPS and InSAR. The blind comparisons (Figure 2) were 
compiled by Katia Tymofyeyeva at JPL and presented at the NASA Earth Surface and Interior 
Meeting Nov 4-6.  
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Figure 2. Comparison of Sentinel-1 InSAR time series analysis in Southern California. (top left) table denoting 
processing software and corrections applied to the InSAR time-series. (top right) marks the reference GNSS station 
(P617) and the 10 random positions for the time-series comparison. (bottom) are the time-series from each product at 
the 10 random positions.  

Ridgecrest Earthquake Response: InSAR analysis, Campaign GPS, and Crack Surveys. – In 
response to these two major earthquakes, and in collaboration with the SCEC response team, we 
performed several surveys in the Ridgecrest area.  The first on July 7th we deployed 5 GPS 
receivers at existing campaign sites to begin to monitor postseismic deformation in the region. 
Several follow-up surveys were performed by Yuri Fialko and graduate student Zeyu Jin and they 
are now maintaining this postseismic GPS effort. Meanwhile, we processed stacks of Sentinel-1 
InSAR data to resolve the surface rupture and fractures surrounding the epicentral area. We 
distributed the results quickly after the event through our server (https://topex.ucsd.edu/SV_7.1/) 
as well as the SCEC response webpage (https://response.scec.org/node/395). The maps were then 
used by field teams for detailed mapping of cracks. To better understand the surface fracturing, we 
have organized two other field trips to the Ridgecrest area and are working with Daniel Ponti and 
Kate Sharer at the USGS to document surface fault rupture and ground deformation from these 
two earthquakes. 

 

Flight

Look
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Figure3. InSAR product for the 2019 Ridgecrest earthquake sequence. (previous page left) Unwrapped InSAR 
line-or-sight deformation from descending track 71 of Sentinel-1, with red colors denoting motion toward satellite and 
blue color denoting motion away from the satellite. (previous page right) Decomposed east-west deformation map 
after combining information from descending track 71 and ascending track 64 and high-pass filtering at 800 m. Red 
colors are eastward motion and blue colors are westward motion. (bottom left) Phase gradient map along the azimuth 
(flight) direction from descending track 71, with white colors denoting positive phase change along azimuth, and black 
colors denoting negative phase change. This is a stack of 4 interferograms to reduce noise. (bottom right) Derived 
fracture motion when combining information from the decomposed east-west motion and phase gradient map. Red 
lines represent right lateral fracture and blue line represent left lateral fracture.  

GPS Analysis along the Imperial and Cerro Prieto Faults - The second main of our research (past 
and present) is to perform and analyze campaign GPS measurements of the Imperial and Cerro 
Prieto Faults in northern Baja California, MX.  Over the past eight years, we have deployed and 
measured two GPS arrays across the Imperial and Cerro Prieto faults; and recently, two additional 
GPS arrays across the Indiviso and Tulecheck faults to better characterize the velocity gradient in 
the region (Figure 4). The relatively large number of monuments helps us to identify those that have 
poor performance because of soil instability or groundwater level variation. To obtain the GPS 
position estimates we used GAMIT/GLOBK software [Herring et al., 2008]. Site velocities are 
computed by least squares linear fitting to time variation of coordinates for each station and then 
rotated with respect to Stable North America Reference Frame (SNARF) [Blewitt et al., 2005]. 
The extension of the CC’ and DD’ arrays to the west and the systematic Sentinel-1A and Sentinel-
1B image coverage in the region, are leading to improvement in our current understanding of fault 
strike slip acommodation in northern Baja California, MX.   
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Figure 4: Survey results from the 2019 field work Mexicali, Mexico. (left) Preliminary GNSS velocity in northern 
Baja California in SNARF. Black arrows are continuous GNSS data. Blue arrows are GNSS survey mode data. GNSS 
measurements across Indiviso and Tulecheck faults are new sites recently survey during this time project. (right) Fault-
parallel velocity profile for DD’ extended monuments across Imperial and Tulecheck/Michoacan fault. 
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