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1. Summary 

This is an interim report describing the work done to date on SCEC Award 21026. A final report 

will be forthcoming upon completion of the project’s no-cost extension. This report is arranged 

under the same three sub-headings as the science proposal that was originally submitted, with a 

general introduction to Community Geodetic Model (CGM) activities, below. 

 

2.1. General contributions to the development of the Community Geodetic Model 

Two specifically proposed aspects of work are described in more detail in the sub-sections 

below, but several contributions to the development and dissemination of the CGM in general, 

supported by this Award, are reported here. The two most visible are the Plenary Talk at the 

2021 SCEC Annual Meeting by PI Floyd, titled “Current status and future of the Community 

Geodetic Model” (https://www.scec.org/publication/11141), and the ultimately virtual CGM 

Workshop convened by PI Floyd and K. Tymovyeyeva 

(https://www.scec.org/workshops/2021/cgm; SCEC Award 21025). The final report from the 

workshop (https://www.scec.org/proposal/report/21025) provides details of its outcomes, which 

will not be repeated here. 

PI Floyd has otherwise continued to attend virtual meetings every two weeks with the 

CGM (InSAR) Working Group, to provide a perspective from the GNSS side of the CGM as well 

as on general direction. With the completion of InSAR time series over southern California, we 

performed time series analysis using a maximum likelihood estimator approach that is common 

in GNSS time series analysis. In this case we used the program “Hector” (Bos et al., 2013). 

Hector does not use uncertainties on individual time series points, which are currently not 

available for the CGM (InSAR) but which are the subject of current work, as of the time of 

writing this report. This simple analysis using existing tools was done to ascertain if InSAR time 

series exhibit similar temporally correlated noise characteristics to GNSS, which have a 

significant effect on the uncertainties associated with estimating (linear displacement) rate, 

given that formal uncertainties on our InSAR time series fits were fractions of a mm/yr with 

only four years of data (approximately 2015.5 to 2019.5) and were therefore likely to be 

unrealistically small. 

In our analyses, we allowed a power-law noise with an exponent to be estimated in 

addition to the displacement rate and optionally seasonal (annual and semi-annual periodic) 

terms. Figure 1 shows the result for two tracks (descending track 73 and ascending track) 

without the seasonal terms estimated. The right-hand panel shows very little variation around a 

power-law exponent of approximately −1 (flicker noise), which is similar to the type of power-

https://www.scec.org/publication/11141
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law noise commonly estimated from GNSS time series, although the short time interval of the 

InSAR time series means that potential power at long periods is currently inadequately known. 

Other members of the CGM (InSAR) Working Group, X. Xu and K. Guns, have recently 

implemented a similar scheme using an analytical expression specifically for flicker noise, 

which significantly simplifies the calculation, as well as doing the estimation directly from the 

HDF5 file format in which the CGM (InSAR) results are currently stored and disseminated. 

Compared to our pixel-by-pixel experiment, described here, they report more than an order of 

magnitude improvement in computing speed by reading the whole scene into memory, but the 

approach nevertheless assumes an identical temporal noise model. As found previously with 

GNSS time series (e.g. Zhang et al., 1997; Mao et al., 1999; and many publications since), these 

approaches to InSAR time series analysis increase the associated uncertainty by a factor of two 

or three compared to the formal uncertainty. 

 

 
 

 

Figure 1: Line-of-sight velocities (right), associated uncertainties (middle) and estimated power-law 

exponent (right) for two CGM (InSAR) tracks, ascending track 64 (top) and descending track (bottom). 

The GNSS site used as a reference (fixed) pixel when generating the InSAR product is marked by a circle. 

 

 



 3 

2.1.a. Auxiliary products for cGNSS time series and GNSS velocity solutions for the CGM 

This task of the proposed work is still to be completed, although the progress made towards. 

The most significant step towards community analysis of CGM (GNSS) time series is building a 

consolidated and accurate list of discontinuities (equipment changes, earthquakes and other 

perturbations) that affect the sites. The CGM (GNSS) products are a “union” or “superset” of 

different sources all combined rigorously and consistently into one product. The discontinuities 

lists from our source analysis centers at ESESES (MEaSUREs), NGL/UNR and GAGE all differ 

slightly in their construction and inclusion of events, but again we wish to provide a superset 

for the CGM. For example, ESESES/MEaSUREs define the epoch of discontinuity as the 

midnight following an event, i.e. the start of the following UTC day, or, in the case of data gaps, 

the next available data point; NGL/UNR define the epoch of discontinuity as midnight of the 

day of the event, i.e. the start of the current UTC day; and GAGE includes a time in addition to 

the date for additional precision. Due to the fact that different analysis centers report the epoch 

of an earthquake in different ways and aftershocks often occur on the same UTC day as a 

mainshock, consolidating and combining the lists into one for use as the basis for CGM time 

series analyses is complex. We are at the stage of testing our program’s logic to deduplicate the 

repeated or superfluous records. 

 We have worked directly with the MEaSUREs teams at SOPAC and JPL to provide 

feedback based on the differences we see and correct during our workflow to produce CGM 

time series. These interactions have been helpful and productive for both for the evolution and 

improvement of both sets of products. MEaSUREs has implemented changes to their products 

based on this feedback, which we anticipate in turn will improve the CGM combined products. 

 

2.1.b. Development of web access and user tools and documentation for products and metadata 

We have worked with SCEC IT, particularly Phil Maechling and Mei-Hui Su, to continue 

development of the CGM web page and web viewer, which are now live at 

https://www.scec.org/research/cgm and https://www.scec.org/research/cgm-viewer, 

respectively. The GNSS time series products are linked directly to those hosted at 

http://geoweb.mit.edu/~floyd/scec/cgm/ts/, which are regenerated weekly and available in four 

different reference frames most relevant to tectonic studies in southern California, as described 

in the final report for our previous CGM-related SCEC Award 20092 

(https://www.scec.org/proposal/report/20092). We now also provide a simple shell script 

(http://geoweb.mit.edu/~floyd/scec/cgm/conv_gnss_ts.sh) to convert from the provided “.pos”-

format of GAGE (https://www.unavco.org/data/gps-gnss/derived-products/docs/NOTICE-TO-

DATA-PRODUCT-USERS-GPS-2013-03-15.pdf) to several other common formats (e.g. from 

NGL/UNR and ESESES/MEaSUREs) for users who already have scripts and programs that read 

them. This shell script requires no dependencies or packages to run other than standard 

command-line programs and should therefore be portable and easy to use. It could also be 

incorporated into the CGM web viewer as an option. 

 During the 2021 SCEC Annual Meeting and CGM Workshop, the CGM web viewer had 

a single test track for InSAR but, in collaboration with the CGM (InSAR) Working Group, we 

are now ready to present and disseminate the four tracks of the combined CGM (InSAR) 

product as soon as they can be ingested and implemented by SCEC IT. 

 

 

https://www.scec.org/research/cgm
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2.2. Update of survey and continuous GNSS products after the Ridgecrest events 

We have updated the GNSS time series collected from a network of survey marks around the 

Ridgecrest earthquake using data from the field work of Gareth Funning (UC Riverside) and 

including all other previous temporary deployments from SIO/UCSD, NGL/UNR and the USGS 

as well as regional continuous sites from NOTA. The latest data recovery from the field was 

done by Gareth Funning in September 2021 and therefore our time series currently end around 

then. Figure 2 shows a summary of the period of post-Ridgecrest GNSS data processed and the 

time series of a selection of sites to that time. All raw data were cross-checked against field notes 

and log sheets, translated to RINEX format, processed using GAMIT/GLOBK version 10.71 and 

time series generated relative to a nominal pre-earthquake velocity at each site (Floyd et al., 

2020). We are now revisiting and revising the metadata before reprocessing any erroneous or 

outlying segments of data, of which there are a few at a couple of sites. Once the time series are 

improved and cleaned in this way, we will begin preparation of a manuscript for the post-

earthquake period, to follow Floyd et al. (2020) for the coseismic displacements, and publish the 

time series accordingly for the community’s use. 

 

      

Figure 2: Example post-earthquake time series from two survey marks which have been measured 

regularly, mostly by Gareth Funning (UC Riverside), since the July 2019 Ridgecrest earthquakes (orange 

dashed line “49”), plotted relative to their pre-earthquake velocities to show post-seismic deformation. 
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