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 Progress
Completion of our originally proposed investigation was based on the assumption that Bridget

Smith-Konter would remain at SIO as a postdoc with primary funding from the National Science
Foundation.  The NSF proposal was not approved so Bridget left SIO for a 1-year postdoc at
JPL.  In January of 2008 she started as an assistant professor at the University of Texas at El
Paso.  We plan to complete our originally proposed SCEC research when time and funding
become available.  The 2007 SCEC funds were used to pay 3 months of the salary for an SIO
graduate student Matt Wei as well as for travel to the SCEC annual meeting.  In addition,
nominal funding was used to support computer activities of Sandwell.  During this support
period SCEC funds were used for the following tasks: 1) we developed preprocessor software to
make ALOS PALSAR data accessible to SCEC scientists; 2) we assessed the accuracy and
resolution of ALOS PALSAR data in the Southern California region and 3) we began the
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analysis of the deformation associated with a major aseismic creep event on the Superstition
Hills Fault.

1) Development ALOS Preprocessing software - David Sandwell and Rob Mellors (SDSU))
developed an InSAR preprocessing package for ALOS PALSAR that is compatible with
SIOSAR and  ROI_PAC.  It has been tested with both FBS and FBD mode data at a variety of
look angles.  The main functions of the code are:
ALOS_pre_process - Takes the raw ALOS PALSAR data and aligns the data in the near range.
In addition it produces a parameter files in the SIOSAR format containing the essential
information needed to focus the data as Single Look Complex (SLC) images.
ALOS_baseline - Takes two parameter files of an interferometric pair and calculates the
approximate shift parameters needed to align the two images as well as the accurate
interferometric baseline at the beginning and end of the frame.
ALOS_merge - Appends two raw image files and eliminates duplicate lines. In addition it makes
a new PRM file representing the new longer frame.
ALOS_fbd2fbs - Converts a raw image file in FBD mode (14 MHz) to an FBS mode (28 MHz)
by Fourier transformation of each row of the image file (one echo) and padding the spectrum
with zeros in the wavenumber domain. A new parameter file is created to reflect the new data
spacing and chirp parameters.
The code is freely available at the WInSAR web site: http://winsar.unavco.org/ancillary.php.

2) Assessment of L-Band Interferometry from ALOS PALSAR - Using SCEC funds from previous
years, we installed three radar corner reflectors at the Pinon Flat Observatory (Figure 1). The
radar corner reflectors are being used for geometric calibration of the ALOS PALSAR
throughout the lifetime of the mission.  The Japanese Space Agency (JAXA) has imaged these
corner reflectors on 80% of the over flights in both ascending (12 repeats) and descending (10)
repeats directions.  This unique data set has enabled us to assess the accuracy and resolution of
PALSAR data over Southern California.  This has let to a manuscript to be published in
Transactions of Geosciences and Remote Sensing [Sandwell et al., 2008].

In this 2007 SCEC -funded study we used ALOS PALSAR data from the first 1.5 years of the
mission to evaluate three quality parameters.   First, we estimated the spatial resolution of the
interferograms.  This was done by cross-spectral analysis of independent interferograms.
Second, we examined the amplitude of the phase noise for the difference interferograms.  To
isolate the radar system noise from the atmospheric and orbital phase variations, we high-pass
filtered the differenced interferograms for wavelengths shorter than 5 km and scaled the phase by
the appropriate wavelength to form line-of-sight (LOS) difference maps.  Finally, we assessed
the overall accuracy of the ALOS InSAR system by constructing a vector deformation map
associated with the June 17, 2007 (Father's Day) dike injection event at the Kilauea volcano,
Hawaii.  Nineteen continuous GPS stations within the interferograms provide ground-truth
deformation measurements.  For all of these analyses, interferograms were constructed from
images in the high bandwidth (FBS), low bandwidth (FBD), and mixed modes.
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Figure 1.  Example interferogram
of the southern SAFS, near the
Salton Sea, along ALOS track 213,
frames 0650-0670 and look angle
34.3˚. The location of the Pinon
Flat radar corner reflector is shown
as a red star.  The blue box marks
the boundaries of track T213.
JAXA has collected 12 repeat SAR
swaths along this track during the
past 2 years.  A nearby ERS scene
(T356), where 74 repeats are
available, is marked by the green
box.  Red lines mark currently
active faults and the yellow lines
are active faults that have not
ruptured in historical times.  The
inset box shows the high fringe
rate associated with the 3000 m of
relief in the area.  One fringe
corresponds to 86 m of elevation
change.

The primary conclusions of this analysis follow:
(1) Baseline decorrelation - The critical baseline of ALOS is 6.5 km for the FBD2FBD

interferometry and 13 km for the FBS2FBS interferometry.  None of our possible
interferometric baselines exceeded 3 km and newer data have baselines less than 0.5 km.
Therefore, baseline decorrelation is not an issue with ALOS.  Moderate baseline (~1 km)
ALOS interferograms could be used to improve the accuracy of SRTM topography.

(2) Spatial resolution - Using topography as a common signal in independent interferograms,
we find that the best spatial resolution (1/4 wavelength) achievable with ALOS is 38 m in
range and 30 m in azimuth.  This is slightly better than the resolution from Tandem ERS
interferometry (57 m and 45 m, respectively).  The improvement in ALOS is due to its
longer critical baseline.  We do not find any significant differences in spatial resolution
between the FBF2FBS, FBS2FBD, and FBD2FBD interferograms and note that our test
interferograms had baselines less than 10% of the critical baseline.

(3) Radar noise - Simple wavelength scaling arguments predict that the LOS range precision
of L-band interferometry should be 4 times worse than C-band interferometry.  These
arguments are incorrect in the case of ALOS PALSAR, where we find that LOS range
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precision of ALOS is only 1.5 times worse than ERS (3.3 mm vs. 2.1 mm).  In both
cases, the largest source of error is tropospheric phase delay.

(4) Overall accuracy - The June 17, 2007 rift event at Kilauea provides an optimal signal for
assessing the overall accuracy of ALOS interferometry (Figure 5).  Comparisons of 19
GPS vectors projected into the LOS of the ascending and descending interferograms
show an RMS deviation of 14 mm.  The surprising result is that the azimuth offsets show
a standard deviation of 71 mm.  This is a remarkable result considering 71 mm is only
2% of the azimuth pixel size.  The high precision of the azimuth offsets could be due to a
combination of increased aperture length and low phase noise.  The implication is that 4
components of displacements can be extracted from just 2 interferograms when the signal
is large (> 200 mm) and the coherence is high.

(5) Atmosphere and ionosphere errors - As expected, we observe phase errors that are
probably due to tropospheric water vapor.  Ionospheric errors should be 16 times worse at
L-band wavelengths and we have not assessed the longer wavelength ionosphere and
orbital errors in this analysis [Tarayre and Massonnet, 1996; Xu et al., 2004].

(6) Temporal decorrelation - Although we have not yet performed a systematic study of
temporal decorrelation, we have analyzed ALOS data from a variety of surfaces,
including jungles in Venezuela and Hawaii, as well as snow-covered regions in Canada.
In our analysis of ~100 interferograms, we have not found any interferometric pairs with
low coherence (except for areas of deep snow cover in Canada).  We have been able to
unwrap the phase of all cases (except Canada) using the standard Goldstein algorithm
[Goldstein et al., 1998].

3) Investigation of the October, 2006 aseismic creep event on the Superstition Hills Fault –
Following many years of surface slip at less than 1.5 mm/yr, the Superstition Hills fault slipped
more than 27 mm in October 2006.  InSAR data from ERS-1, ERS-2, and Envisat are used to
investigate this event as well as the slip history of this 20 km-long fault segment since 1992
(Figure 2).  Continuous creep is punctuated by at least three events.  The first two are associated
with the Landers and Hector Mine ruptures suggesting they were dynamically triggered.  In
contrast, there is no obvious triggering mechanism for the October 2006 event.  Field
measurements of fault offset after the 1999 and 2006 events are in good agreement with the
InSAR data suggesting the crack is localized (Figure 3).  Profiles perpendicular to the fault are
used to estimate the depth extent of creep.  Slip is concentrated in the upper 500 m with a
maximum depth of 2 -3 km.  The crack associated with the 2006 event is more than 20 km long
and has an average slip of 10 mm extending to an average depth of 1 km.  This corresponds to a
magnitude 4.5 earthquake; it is surprising such a large event was undetected seismically or by the
continuous GPS stations in the area.  Profiles of the InSAR data between 1992-2000 suggest that
the fault might slip all the way through the seismogenic zone. However, considering the
complexity in the southern California fault system, this conclusion needs to be confirmed by a
complete modeling of the whole system.
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Figure 2. (a) Stacked interferogram of 10 years ERS1/2 data. The square box is the area of the
Superstition Hills fault.  (b) Stacked interferogram of Envisat data spanning the 2006 creep event.  The
black dots are the SHF fault, the Elmore Ranch fault and the Superstition Mountain fault. The black
triangle is the location of a creep meter deployed by Roger Bilham. (c) Line-of-sight displacement profile
in mm. The blue curve corresponds to the creep event and the red curve corresponds to the 10-year
interferogram.
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Figure 3. (a) Stack of ENVISAT interferograms spanning the October 5, 2007 creep event on the
Superstition Hills segment of the San Jacinto Fault zone.  This event was measured/monitored on a creep
m e t e r  m a i n t a i n e d  b y  R o g e r  B i l l h a m  ( s e e :
http://cires.colorado.edu/~bilham/CREEPDATA/SuperstitionCreep.htm) but it was not detected by the
sparse continuous GPS array nor as an increase in seismicity (Elizabeth Cochran, personal
communication, 2007).    (b) Line of sight (LOS) deformation along 23 profiles across the fault trace
reveals a sharp step. (c) Peak-to-trough LOS deformation (blue) from interferometry compared with field
measurements (red) made by students and faculty from UCSD and SDSU just after the event.  (d) The
surface crack was measured over a length of 11 km, which is about 1/3 of the total length. Strike-slip
motion from the field data were projected into the LOS of the radar and have an LOS scatter of about 3
mm.  The lower amplitude of the field measurements with respect to the interferometry could indicate
some creep was not measured in the field because it occurs off of the main fault strand.
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