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1. Introduction  
 
Our project focuses on imaging active deformation along the San Andreas Fault. We proposed to 
use imagery from NASA’s Uninhabited Aerial Vehicle Synthetic Aperture Radar (UAVSAR) to 
constrain the creep behavior and explore approaches to optimize time-series approaches along 
the San Andreas Fault. These observations of surface deformation measure fault creep rates, the 
distribution and magnitude of off-fault deformation, and potential variations in creep rate along 
the fault. Our project’s goal is aligned with SCEC5’s task to integrate archived data from SAR 
satellites into the Community Geodetic Model.  
 
There are three major components of our project. In Section 2, we discuss our processing of 
multiple UAVSAR flight lines along both the southern and central San Andreas Fault. In Section 
3, we discuss the 40 km of high resolution topography that we acquired using a small Uncrewed 
Aerial System (sUAS) from Painted Canyon to Bombay Beach along the southern San Andreas 
Fault. This dataset that we will publish on OpenTopography will support future geodetic work 
aimed at measuring fault creep-related displacements. In Section 4, we illustrate how we applied 
SAR time-series and topographic differencing methods to resolve fault slip rate and examine the 
localization of deformation along the creeping portion of the central San Andreas Fault. We 
recently submitted a manuscript to the Journal of Geophysical Research: Solid Earth based on 
this work. The manuscript acknowledges this award (SCEC Contribution #10043).   
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2. UAVSAR along the Southern San Andreas Fault  
 
The high coherence L-band UAVSAR imagery offers large potential for imaging deformation 
along the San Andreas Fault. We processed multiple flight lines of UAVSAR data along the 
southern and central portions of the creeping San Andreas fault, as shown in Figure 1. For the 
processing, we began by downloading the coregistered or stacked single-look-complex (SLC) 
imagery from the Jet Propulsion Laboratory (JPL) website at https://uavsar.jpl.nasa.gov.  This 
imagery had already been coregistered using an advanced compensation algorithm that is 
required to achieve (ideally) sub-centimeter accuracy of the imaged surface deformation (Jones 
et al., 2010). We then generate interferograms, select elite pixels (Shirzaei, 2013) and unwrap the 
interferograms (Chen & Zebker, 2001). 
 
The processed interferograms are shown in Figure 1 for the southern and central San Andreas 
Fault. Both sets of interferograms remain highly coherent on land, including a five year-long 
interferogram along the southern San Andreas Fault and a seven year-long interferogram along 
the central San Andreas Fault. Both show that deformation is localized to a narrow San Andreas 
Fault. However, the sign of deformation changes frequently across the San Andreas Fault, as 
shown both in Figure 1. Along the Central San Andreas Fault, interferograms with a long 
temporal baseline (e.g., 7 years) show little deformation. We attribute this change in sign to a 
long-wavelength error due to imprecise knowledge of the aircraft position. While these errors are 
unlikely to largely impact more localized signals from an individual earthquake (DeLong et al., 
2016; Donnellan et al., 2014) or surface subsidence (Sharma et al., 2016), they are problematic 
for building a time-series of creep deformation. Ultimately, the raw interferograms and flight 
information are required to resolve this issue.    
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Figure 1: Top: UAVSAR imagery from Flight 26514 along the Southern San Andreas Fault. 
Bottom: UAVSAR imagery from Flight 05018 along the central San Andreas Fault. The master 
(or date of the first acquisition) is November 2009. The three interferograms remain coherent. 
However, the sign of deformation changes across the fault in the short time-span interferograms, 
and the long time-time span interferograms typically show very little deformation across the 
fault. We see similar observations in interferograms with different master dates.  
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3. High-resolution topography imaging of the southern San Andreas Fault  

 
Topographic differencing methods image surface movement by comparing high resolution 
topography acquired at two different times (i.e., before and after an event of interest; Barnhart et 
al., 2019; Howell et al., 2020; Nissen et al., 2012, 2014; Scott et al., 2019; Scott et al., 2018). 
During a surface rupturing earthquake, this method resolves displacements along and adjacent to 
the active fault trace, where other geodetic datasets commonly lack spatial resolution. As we 
show in Section 4, differencing can also reveal creep motion along the San Andreas Fault.  
 
The B4 airborne lidar data was collected to serve as the ‘before’ topographic dataset prior to a 
large earthquake (Bevis et al., 2005) and can also serve as the pre-dataset to image fault creep. It 
was collected in 2005 and has an average spatial resolution of 2.98 pts/m2. While the 2005 
dataset is a significant contribution, technology has advanced over the past 15 years and the point 
density of newer datasets is much higher.  
 
Given this motivation, we conducted a field campaign to collect sUAS imagery. The field 
campaign included Chelsea Scott (SCEC grant PI), Michael Bunds (Utah Valley University 
Professor), Jui-Chi Vickee Lee (ASU graduate student) and Brigham Whitney (UVU 
undergraduate student). We acquired high resolution topography along 40 km of the Southern 
San Andreas fault from Painted Canyon to Bombay Beach using a Sensefly eBee Plus sUAS.  
 
The flight altitude of ~120 m above ground level produced an average ground pixels size of ~3.0 
cm in individual photographs, shown in Figure 2. The eBee Plus incorporates a dual-frequency 
GNSS that records position at 1 Hz and applies time-stamp to each photograph. We calculated 
post-processed kinematic (PPK) eBee GNSS position using 1 Hz position measurements from a 
Septentrio PolarRx5 receiver with a Trimble Zephyr Geodetic II antenna. We collected a total of 
15,773 aerial photos using this method. 
 
Currently, we are processing the imagery dataset into a point cloud, ortho photo, and digital 
elevation model using structure-from-motion methods in Agisoft’s Metashape. After processing, 
we plan to make our point cloud available to the SCEC community and the larger science 
community at OpenTopography. We anticipate that data access via OpenTopography will 
promote data discovery, following OpenTopography’s philoshophy.  
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Figure 2: Top: Example sUAS photograph surrounding the San Andreas Fault taken at an 
altitude of 120 m above ground level. Bottom: 3D point cloud generated using structure-from-
motion techniques near Box Canyon. The San Andreas Fault cuts across the mountain and into 
the alluvial fan.   
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4. Topographic differencing and InSAR time-series analysis along the Central San 

Andreas Fault  
 
As described in Section 3, topographic differencing has emerged over the past decade as a 
powerful technique to revolve vertical and 3D surface movement along and adjacent to active 
faults. We apply topographic differencing methods to the Dry Lake Valley paleoseismic site 
(36.468, -121.055) which was studied by Toke & Arrowsmith (2015). At this site, the central San 
Andreas Fault creeps at a rate of 21.9 +/- 0.4 mm/yr, as measured with an alignment array 
(Burford & Harsh, 1980). Because the central San Andreas Fault’s creep rate is approximately an 
order of magnitude greater than along the southern San Andreas Fault creep rate, we apply and 
develop differencing methods at the Dry Lake Valley site. These methods will be applicable to 
the Southern San Andreas Fault. We also process an InSAR time-series from Sentinel-1 data to 
extend the spatial-scale of our analysis.   
 
To perform the 3D differencing at Dry Lake Valley, we use the 2007 EarthScope Northern 
California airborne lidar and a structure-from-motion generated point cloud collected in 2017 on 
a field trip led by Michael Bunds of Utah Valley University. This is an example of hybrid 
differencing where the datasets were acquired with different types of sensors. There are several 
critical differences between these datasets: The 2007 airborne lidar samples both the vegetation 
and the bare earth while the 2017 structure-from-motion point cloud is primarily sensitive to the 
vegetation. Also, the 2017 imagery has over an order of magnitude greater spatial resolution than 
the 2007 data. We explore several filtering approaches to decrease the error associated with this 
hybrid differencing. Ultimately, the topographic differencing resolves a creep rate of 2.5±0.2 
cm/yr that is highly localized to the San Andreas fault, as shown in Figure 3.   
 
We worked with Michael Bunds and Nathan Toke (Utah Valley University) on the neotectonic 
deformation at Dry Lake Valley. Toke was the PI on related SCEC-funded research in 2013-
2014. During a field trip in September 2014, Toke and Bunds mapped a large set en echelon 
ground cracks that crossed the San Andreas Fault. From a combination of ground-truthing and 
analysis of ground-based structure-from-motion imagery, the opening-mode en echelon fractures 
are oriented nearly 45° from the trend of the San Andreas Fault and accommodate 2.29%&.&'(.)	cm/yr 
of right-lateral fault slip. Comparing the topographic differencing and fracture creep rate, we 
conclude at 90% of the deformation over a 1 km aperture is localized to the 3-4 m fracture width. 
We attribute the high localization of creep to the fact that the fault is well-oriented for right-
lateral slip.   
 
To image deformation over a larger spatial footprint, we generated an InSAR time-series with 
100 Sentinel-1A/B C-band (wavelength = 5.54 cm) satellite images acquired from November 
2015 to December 2019 along descending frame 472 and path 42.  The time-series illustrates that 
deformation is narrowly localized to the San Andreas Fault. We attribute some along strike 
variations in the line-of-sight creep rate to vertical land motion and variable fault coupling rate 
(Khoshmanesh & Shirzaei, 2018). 
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We recently submitted a manuscript to the Journal of Geophysical Research: Solid Earth and 
acknowledge this award from the Southern California Earthquake Center. The submission is 
SCEC Contribution #10043.  
. 

 
Figure 3: Fault offset derived from the topographic differencing of the 2007 EarthScope 
Northern California airborne lidar and 2017 UAS structure-from-motion topography at 
the Dry Lake Valley paleoseismic site (36.468, -121.055) along the creeping portion of 
the central San Andreas Fault. By comparing surface displacements on either side of the 
fault, we find an creep rate of 2.5±0.2 cm/yr. 
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