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Our proposed work involved exploring how time series based on InSAR observations, 
with their dense spatial coverage and continually improving temporal resolution, can 
inform modeling efforts based on continuous GPS data, particularly attempts to identify 
strain transients in near-real-time.  In our work plan, we included the following items, 
some of which have been achieved at the current time and that will be described below: 
 

• Participation in the SCEC transient detection exercise – The PI’s involvement 
involved the collection and presentation of results from other groups, and the 
coordination of efforts during the lead-up to phase three.  We have yet to test our 
approach on the synthetic data, but plan to do that in the near future. 

• Synthetic InSAR test – We have generated a toy problem that illustrate a 
particular scenario where the existence of an InSAR time series can inform the 
analysis of GPS data in the same area.  We found that simply setting up the 
problem took a great deal of effort, but feel that this effort (particularly for the 
InSAR data) will be useful for generating synthetic data for future versions of the 
transient detection exercise. 

• Initial real data exercise – We have not yet implemented our full approach for real 
data, but expect to do that during this summer.   

• Supporting a SCEC intern – because funding decisions were delayed last year, we 
were not able to commit to supporting an intern until the deadline had passed.  
However, we are now working with a SCEC intern here at Cornell for the current 
summer. 

 
Figure 1: Transient and seasonal signals and one realization of the atmospheric 
noise, plotted on the same colorscale. 
 
Setup of synthetic data sets: 
The goal for this part of the effort was to develop a working set of scripts that simulated a 
realistic 3-dimensional ground deformation field that could then be sample and projected 
into the observation directions of GPS and InSAR.  This ground deformation included 
components from a fault-related transient (dip slip on a 60-degree dipping fault, evolving 



over 8 months) and a spatially variable seasonal 
vertical deformation field with modulation of 
the annual amplitude.  We made all of the key 
components defining this field tunable, so that 
the effects of the relative amplitudes, phase of 
the seasonal signal, etc., could be easily 
explored.  For the seasonal signals, we used the 
Matlab built-in “peaks” function, since it 
conveniently contains features of varying spatial 
scales and magnitudes.  
 
 

Figure 2: Seasonal signal magnitude with InSAR acquisition times (dots) 
For the InSAR data, we added spatially correlated noise and generated “interferograms” 
using sequential pairs of images.  Figure 1 illustrates the spatial fields that we use in 
generating the data, and Figure 2 shows the temporal evolution of the seasonal signal in 
one case where the modulation of the annual signal was fairly small and the transient 
deformation was associated with slip on a single fault patch. 
 
 For the GPS data, we seek to generate a somewhat contrived scenario where several of 
the GPS sites are on top of the peak seasonal ground motions, and where if these were the 
only observations, it would be consistent with slip on one of the local faults.  The 
existence of InSAR observations should, therefore, help identify regions where the GPS 
site locations are aliasing the seasonal signal.   
 
Our biggest challenge so far has been to generate a seasonal signal that has the 
appropriate characteristics in all three of the spatial directions sampled by GPS and 
InSAR.  While the use of a predetermined function (“peaks”) was useful in setting up our 
problem, we will need to move towards a model-based source to make a more realistic 
scenario with reasonable horizontal as well as vertical motions. 
 
Factors that we have neglected at this stage, but that will not be difficult to add in: 
InSAR: orbital errors, irregular spacing of data due to decorrelation, topographic 
correlation of atmospheric noise, irregular temporal spacing of data acquisitions, 
interferograms that form irregular tree instead of just sequential pairs.  GPS: reference 
frame errors, seasonal signal that is related, but not identical to the vertical seasonal 
signal as imaged with InSAR.   
 
 
 
 
 
 
 


