
LOS ~ - 0.63 x Ue - 0.11 x Un + 0.77 x Uv  
         ~  0.77 x Uv + 0.32 x Us 
              (β = 40° , i.e. Creeping section) 
         ~  0.77 x Uv + 0.43 x Us 
              (β = 55° , i.e. South SAF) 
         ~  0.77 x Uv + 0.53 x Us 
              (β = 70° , i.e. Big Bend) 
         ~  0.77 x Uv + 0.57 x Us 
              (β = 120° , i.e. Garlock fault)  

Ue  =  - Us x sin(β) 
Un  =  Us x cos(β) 
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High Resolution Interseismic Crustal Velocity Model of the San Andreas Fault From GPS and InSAR
                    Fault Creep Rate Estimation and Comparison with UCERF2
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Abstract
We recovered the interseismic deformation along the entire San Andreas Fault System (SAFS) at a 
spatial resolution of 200 meters by combining InSAR and GPS observations using a dislocation model. 
Previous efforts to compare 17 different GPS-derived strain rate models of the SAFS shows that GPS 
data alone cannot uniquely resolve the rapid velocity gradients near faults, which are critical for under-
standing the along-strike variations in stress accumulation rate and associated earthquake hazard.

To improve the near-fault velocity resolution, we integrate new GPS observations with InSAR observa-
tions, initially from ALOS (Advanced Land Observation Satellite launched by Japan Aerospace Explora-
tion Agency) ascending data (spanning 2006.5-2010), using a remove/restore approach. More than 
1100 interferograms were processed with the newly developed InSAR processing software GMTSAR. 
The integration uses a dislocation-based velocity model to interpolate the Line-Of-Sight (LOS) velocity 
at the full resolution of the InSAR data in radar coordinates. The residual between the model and InSAR 
LOS velocity are stacked and high-pass filtered, then added back to the model.  This LOS velocity map 
covers almost entire San Andreas Fault System from Maacama Fault to the north to the Superstition 
Hills Fault to the south. The average standard deviation of the LOS velocity model ranges from 2 to 4 
mm/yr.

Our initial results show previously unknown details in along-strike variations in surface fault creep. 
Moreover, the high resolution velocity field can resolve asperities in these “creeping” sections that are 
important for understanding moment accumulation rates and seismic hazards. We find that much of the 
high resolution velocity signal is related to non-tectonic processes (e.g., ground subsidence and uplift) 
sometimes very close to the fault zone. The near-fault deformation signal extracted from this velocity 
map can provide tighter constraints on fault slip rates and locking depths of the major fault segments 
along the SAFS.  

100 km

Mean LOS velocity (2006.5-2010) along ALOS ascending tracks
The positive value (red color) shows the ground moving away from
the satellites, which are flying northwest and looking down (~37° from vertical) 
and northeast (~9° to the North from East). The shading highlights the 
gradient in the velocity field. The areas with low coherence (< 0.06) and large standard 
deviation (> 6mm/yr) are masked to be transparent. The contour interval is 5 mm/yr. 
We show 9 profiles of LOS velocity averaged along strike over the creeping sections.

North

100 km

Standard deviation of the LOS velocity (2006.5-2010) 
along ALOS ascending tracks
The standard deviation indicates the uncertainties in the mean 
LOS velocity. Larger uncertainties could be due to unwraping 
errors, atmospheric noise or non-linear groundmotion. The 
average standard deviation for each frame is 2-4 mm/yr. 
  

100 km

Crustal Velocity Model based on GPS
The 3-components velocity model based on GPS is interpolated and
transformed into radar coordinates. This fine-sampled velocity field is 
projected into radar line-of-sight (LOS) direction considering the variations in
the look angles. The small triangles are the GPS stations used to constrain
the velocity model.     

GPS stations

High-Pass Filtered Residual
The high-pass filtered redisual is the residual between GPS model          and the InSAR stacking           
after a gaussian high-pass filter           at 40 km full wavelength. The filter removes the long wavelength
component of the residual and highlights the small scale features recovered by the InSAR. The 
summation of this high-pass filtered residual and the GPS model makes the final high-resolution 
velocity model:      

100 kmReferences
SCEC UCERF workshop report (2010): http://www.scec.org/workshops/2010/gps-ucerf3/FinalReport_GPS-UCERF3Workshop.pdf
Smith-Konter, B., and D.T. Sandwell (2009), Stress evolution of the San Andreas Fault System: Recurrence interval versus locking depth, GRL
Wei, M., D. T. Sandwell, and B. Smith-Konter (2010), Optimal combination of InSAR and GPS for measuring interseismic crustal deformation, Ad. Space. Res.

Acknowledgements
This work was supported by the NSF Geophysics Program (EAR 0811772) and the NASA EarthScope Program (the InSAR and Geodetic Imaging 
Component NNX09AD12G).  InSAR data were processed using GMTSAR (http://topex.ucsd.edu/gmtsar). The SAR data is acquired through Alaska Satellite 
Facility (ASF) and Japan Aerospace Exploration Agency (JAXA). The GPS data is obtained from Tom Herring. Duncan Agnew provided the fault traces. 

West East

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_centralA asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

LO
S 

(m
m

/y
r)

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_centralB asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_centralC asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_northA asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_northB asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_northC asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_southA asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

creep_southB asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20

parkfield asc

−10

−5

0

5

10

−20 −15 −10 −5 0 5 10 15 20
distance across fault trace (km)

West East

North

North

West East

!

"

!

#"

#!

$"

$!

%"

%!

%!&!%'&"%'&!%(&"
!

"

!

#"

#!

$"

$!

%"

%!

%!&!%'&"%'&!%(&"

#)*" #)'" #)+" $"""

!

"

!

#"

#!

$"

$!

%"

%!

%%&!%'&"%'&!%!&"%!&!%(&"%(&!%)&"%)&!%*&"%*&!%+&"
!

"

!

#"

#!

$"

$!

%"

%!

%%&!%'&"%'&!%!&"%!&!%(&"%(&!%)&"%)&!%*&"%*&!%+&"

#+'" #+(" #+*" $"""

cr
ee

p 
ra

te
 (m

m
/y

r)

cr
ee

p 
ra

te
 (m

m
/y

r)

latitude (deg)year

Creeping section
Central California

Creep rate on SAF InSAR

UCERF2

latitude (deg) year

InSAR

UCERF2

V (x) = [ def (x) M (x)] Fhigh (x)+ M (x)

def =
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