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Summary 
 
We have undertaken three major tasks under this project award, two of which were proposed for this 
project and the other of which was as part of the community response to the July 2019 Ridgecrest 
earthquakes, which involved both SCEC-funded scientists as well as those with other forms of support 
to respond to the earthquakes. The two proposed tasks, and are described in Section 1, below; the 
response to the Ridgecrest earthquakes, as well as the paper and data products that were generated by 
that work, are described in Section 2. 
 
1a. Updates of code to accommodate analysis center changes 

Several changes in the products provided by analysis centers, upon which the CGM (GNSS) relies, have 
been discovered, traced and, where currently possible, accommodated by updates to our codes for 
converting and combining their time series. PI Herring provided an overview of these issues and our 
approach to resolving them at the CGM Workshop at the 2019 SCEC Annual Meeting (presentation at 
https://files.scec.org/s3fs-public/2019_CGM_Workshop_0920_Herring_Continuous_GPS_contribution_t
o_the_CGM.pdf). 

Two analysis center sources in particular have stopped providing their previous product 
formats, which we used to create the combined CGM (GNSS) time series. Ideally we require time series 
presented in geocentric Cartesian coordinates, with associated uncertainties and inter-component 
correlation coefficient, to combine by weighted average and define a consistent known reference frame 
for the CGM time series products (using our “tscon” program). We can also deal with other formats, 
such as east, north and up displacements, so long as the reference coordinates, and any scaling factor 
applied when defining a reference frame, are known. 

The USGS has stopped providing their geocentric Cartesian product files (formerly at 
http://earthquake.usgs.gov/monitoring/gps/data/networks/Southern_California/Southern_California_I
TRF2008_xyz_files.tar.gz). They now provide only files with differential east, north and up 
displacements relative to a reference coordinate, although that is not included in their product files (e.g. 
https://earthquake.usgs.gov/monitoring/gps/data/networks/Southern_California/<site>/itrf2008/<site>.r
neu). We have found one  product file with the most recent estimate of geocentric Cartesian coordinates 
(https://earthquake.usgs.gov/monitoring/gps/data/networks/Southern_California/Southern_California_
xyz_file), from which the reference coordinates for the latest point in the time series files may be read, 
but we will consult with our USGS colleagues before making further changes to “tscon” to 
accommodate the more complex ingestion of USGS time series. 

We are working with our colleagues at JPL to understand how we can continue to use their 
products after distribution of our preferred format was also discontinued. We are also working directly 
with them to ensure that the scale factor applied when realizing the reference frame of their time series 
is also retained and known to us as we incorporate their products into the CGM. A demonstration of 
why knowing and applying or removing scale, as appropriate, is so important is given in Figure 1, 
below, which shows the apparent variation in the up (vertical or height) component of the time series. 
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Figure 1: Time series for site P113 showing the variation in the vertical component (height) of time series from the 
CGM’s various sources due to the unknown and inconsistent application of scale. 
 
This variation is of particular concern to anyone studying hydrological effects and long-term variations 
due to climate change, for which the eventual CGM might be able to provide appropriate 
documentation, guidance and consistent products. 

One source issue that has been resolved, however, is the Nevada Geodetic Laboratory (NGL) at 
the University of Nevada, Reno (UNR) time series, which have been reprocessed and made available in 
the IGS14 reference frame for all sites. We now download and convert these time series to our preferred 
“.pos” format on a daily basis, as part of our move towards operational production of combined GNSS 
time series for the CGM. 
 
1b. Organization and hosting of CGM workshop at 2019 Annual Meeting 

PI Floyd led the organization and hosting of a CGM. This is the first workshop at which potential users 
of the CGM were invited (and encouraged) to attend. The workshop agenda and submitted 
presentations may be viewed at https://www.scec.org/workshops/2019/cgm, and final report at 
https://www.scec.org/proposal/report/19046. 

Particularly useful outcomes of the workshop were allowing the GNSS and InSAR Working 
Groups to discuss next steps for technical activities, considering the CGM development timeline 
outlined in the SCEC 5 plan, and the engagement of the potential user group. The GNSS Working 
Group suggested that a formal publication, similar in motivation and usefulness to Herring et al. (2016) 
for the GAGE processing and products, should be considered, in such a journal AGU’s Earth and Space 
Science, which deals with more data- and product-driven research for the benefit of the community. 
Katia Tymofyeyeva (JPL) led the InSAR Working Group to set an ambitious but realistic timeline for 
InSAR product development, particularly agreeing upon approaches and software to produce InSAR 
time series, which may then be compared. PI Floyd continues to engage at least monthly with this 
group via telecon to facilitate cooperation and communication regarding the CGM web page and 
viewer, and the GNSS Working Group as each continues to be developed. The user group provided 
and actionable as the GNSS and InSAR Working Groups continue to develop the products. Two key 
points raised were that the CGM products must be (a) made available and (b) well documented to 
allow easy, timely and repeated use of the CGM products. PI Floyd continues to revise and develop the 
CGM web page and viewer, including documentation, accessible product formats and examples of use, 
with these points in mind. 
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1c. Visit to USC/SCEC Headquarters in January 2020 

Pursuant to progressing towards the goal of providing an interface through which potential users can 
access, understand and use the CGM products, PI Floyd visited SCEC Headquarters at USC for three 
days in January 2020. There PI Floyd worked directly with Edric Pauk and Tran Huyhn on designing 
the first prototype of the CGM web pages and, most importantly, viewer. PI Floyd was introduced to 
the recently developed Community Fault Model (CFM) viewer at 
https://www.scec.org/research/cfm-viewer/, the work towards which we agreed was an ideal basis for 
the development . With this in mind, PI Floyd and Pauk agreed on the content and options required for 
a “minimum viable product”, based mostly on trying to provide the CGM version 1 products to users 
as soon as possible, as well as features desired or required as the CGM version 2 continues to be 
developed during SCEC 5. This minimum viable product will include: 

● Geographical search criterion (e.g. rectangle, circle or individual site selection); 
● Download options for various common output formats (discussed below); 
● CGM version 1 GNSS velocities, possibly in one of two or three useful reference frames; 
● Full documentation on the product formats and reference frames, to facilitate user accessibility. 

We also discussed what time series formats would be provided through the viewer. We chose three, 
each of which are common in the US geodetic (GNSS) community and, being plain text, will provide 
the simplest way to provide a minimum viable product on which non-expert users can start to provide 
feedback. The technical experts can then proceed to investigate more efficient formats, particularly for 
large data sets, as an iteration and community education process begins. 

The three formats chosen are (1) GAGE’s “.pos” format, (2) UNR/NGL’s “.tenv3” format and (3) 
the GeoCSV format. The latter is fairly new but has been investigated and adopted by UNAVCO to 
some extent. 
1) The GAGE GNSS analysis center is one of the major components of the NSF Geodetic Facility. The 

.pos format is a full description of a time series given in two equivalent coordinate systems 
(geocentric and local geodetic), with all covariance information (standard deviations and 
correlation coefficients) between components; date and time are also provided in two different 
formats (calendar date and time, and modified Julian date). Local geodetic coordinates allow 
non-expert users to pull the fields they want to use to plot, while equivalent geocentric coordinates 
provide expert users the means to perform coordinate transformations or combinations without 
first having to calculate the geocentric coordinates relative to the reference position. 

2) The UNR/NGL analysis center is a very popular provider of GNSS time series for its ease of use and 
global coverage. Many of the community seem to have gotten used to one of its outputs formats, 
“.tenv3”, particularly, it seems, through the sharing of download and plotting scripts. 

3) GeoCSV is one of the formats available from UNAVCO’s web services 
(https://www.unavco.org/data/web-services/documentation/documentation.html#!/GNSS47GPS/get
PositionByStationId). Selecting “report: long” there provides a full-format file, very similar to the 
.pos-format, and “report: short” provides only fields in local geodetic coordinates, likely to be 
desired by most users, similarly to the UNR/NGL “.tenv3” format. 

This final format offers more flexibility in its fields and, as such, may go a long way to providing a 
suitable format for InSAR time series, which otherwise would be 1-D (line-of-sight) displacements 
presented in formats designed specifically for 3-D GNSS displacements. 
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Figure 2: Schematic overview of the components of the CGM. The web viewer, whose initial development began 
during PI Floyd’s visit to USC/SCEC HQ in January 2020, is currently focused on providing access to the CGM 
version 1 products outlined in red, while technical development of the time series products by the CGM (GNSS 
and InSAR) Working Groups continues. 
 
2a. Response to July 2019 Ridgecrest earthquakes 

Both PI Floyd and PI Herring played a key role in the GNSS response to the July 2019 Ridgecrest 
earthquakes. Our SCEC colleague, Gareth Funning at UC Riverside, had remeasured many survey sites 
with a graduate student (Rachel Terry, now at UNAVCO) in February and March 2019, focusing on 
updating velocities and site positions along the Garlock Fault (Funning et al., 2019a). (That field work 
was itself supported by SCEC Award 18201.) After learning of the first (Mw6.4) earthquake, just north of 
the central Garlock Fault and within the broad region of this recently remeasured network, Funning 
went to the field to make post-earthquake measurements. 

PI Floyd processed the data collected during the two surveys in February and March 2019, as 
well as post-earthquake data as it was collected from the field, to obtain estimates of coseismic 
displacements from the survey GNSS data. He also coordinated with the other field teams (two from 
Scripps Institution of Oceanography, University of California, San Diego, led by Yuri Fialko and 
Jennifer Haase; and one from the USGS itself, led by Ben Brooks) to organize mutual data exchange and 
immediate archiving at UNAVCO (Fialko et al., 2019a; Funning et al., 2019b). PI Herring processed the 
continuous data, as part of our role as the GAGE Analysis Center Coordinator, and we ultimately 
produced a rigorously combined solution. The data collection, processing and estimated coseismic 
displacements (Figure 3) were presented at the AGU Fall Meeting (Floyd et al., 2019) and in a 
publication (Floyd et al., 2020), and preliminary models of the earthquake ruptures were also presented 
at both the SCEC Annual Meeting (Funning et al., 2019c) and AGU (Funning et al., 2019d). 
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Figure 3: Estimated GNSS displacements for the Mw6.4 (left), Mw7.1 (center) and cumulative (right) Ridgecrest 
earthquakes. Blue triangles are survey sites observed immediately after the earthquake shown, for which blue 
vectors represent estimated displacements; red vectors are estimated displacements at continuous sites for the 
earthquake shown. (Floyd et al., 2020, Figures 2, 3 and 4). 
 
2b. Publication and data products 

Fialko, Y., Z. Jin, E. Tymofyeyeva, D. T. Sandwell, J. Haase, and M. A. Floyd (2019a), Ridgecrest 
California Earthquake Response 2019, UNAVCO, Inc., GPS/GNSS Observations Dataset, 
doi:10.7283/N74Q-GA66. 

Fialko, Y, Z. Jin, E. Tymofyeyeva, D. T. Sandwell, J. Haase, and M. A. Floyd (2019b), Ridgecrest 
California Earthquake Post-Event Response July 2019 UCSD, UNAVCO, Inc., GPS/GNSS 
Observations Dataset, doi:10.7283/YJK0-B215. 

Floyd, M. A., G. Funning, R. L. Terry, Y. Fialko, and W. C. Hammond (2019), Pre-Earthquake 
Deformation, Coseismic Displacements and Post-Earthquake Transient Motions in the Region of the 
Ridgecrest Earthquakes From Survey and Continuous GNSS Observations, Abstract S43C-01 
presented at 2019 Fall Meeting, AGU, San Francisco, CA, 9–13 Dec. 

Floyd, M., G. Funning, Y. Fialko, R. Terry, and T. Herring (2020), Survey and Continuous GNSS in the 
Vicinity of the July 2019 Ridgecrest Earthquakes, Seismol. Res. Lett., doi:10.1785/0220190324. 
[UNAVCO science snapshot: https://www.unavco.org/science/snapshots/solid-earth/2020/floyd.html] 

Funning, G., R. Terry, and M. A. Floyd (2019a), SCEC Mojave 2019, UNAVCO, Inc., GPS/GNSS 
Observations Dataset, doi:10.7283/TFX5-EJ21. 

Funning, G., C. Kyriakopoulos, B. Wu, K. Richards-Dinger, J. Cortez, and M. A. Floyd (2019b), 
Ridgecrest California Earthquake Response 2019, UNAVCO, Inc., GPS/GNSS Observations Dataset, 
doi:10.7283/5ASB-9V26. 

Funning, G., M. Floyd, and R. L. Terry (2019c), Distinguishing slip from the M6.4 and M7.1 Ridgecrest 
earthquakes using campaign GPS data, Poster Presentation at 2019 SCEC Annual Meeting, Palm 
Springs, California, 8–11 Sep. 

Funning, G., A. M. G. Ferreira, M. Floyd, M. Frietsch, and R. L. Terry (2019d), Distinguishing slip from 
the M6.4 and M7.1 Ridgecrest earthquakes using campaign GPS, seismic and InSAR data, Abstract 
S31G-0488 presented at 2019 Fall Meeting, AGU, San Francisco, CA, 9–13 Dec., 
doi:10.1002/essoar.10501396.1. 

 
References 

Herring, T. A., T. I. Melbourne, M. H. Murray, M. A. Floyd, W. M. Szeliga, R. W. King, D. A. Phillips, C. 
M. Puskas, M. Santillan, and L. Wang (2016), Plate Boundary Observatory and related networks: GPS 
data analysis methods and geodetic products, Rev. Geophys., 54, doi:10.1002/2016RG000529. 

5 


