
The SCEC Community Geodetic Model and consensus time series 
Our major contribution to the SCEC Community Geodetic Model (CGM) is that we have 

previously developed basic tools to read and combine time series from a variety of different 
operational centers. These centers and analyses are: (a) GAGE/PBO time series with NMT 
GAMIT processing, CWU GIPSY, PBO combined ftp://data-
out.unavco.org/pub/products/position (b) JPL IGS08 time series from 
ftp://sideshow.jpl.nasa.gov/pub/JPL_GPS_Timeseries/repro2011b/raw/position/xyzseries/  (c) 
NASA Measures program combined results (separate GAMIT and GIPSY input XYZ files not 
currently available) from ftp://garner.ucsd.edu/pub/timeseries/measures/   (d) USGS from (other 
regions also included to define North America) 
http://earthquake.usgs.gov/monitoring/gps/data/networks/Southern_California/Southern_Californ
ia_ITRF2008_xyz_files.tar.gz   (e) University of Nevada Reno (UNR) from 
http://geodesy.unr.edu/gps_timeseries/txyz/NA12/    

Many of these analyses have been produced operationally for many years and have largely 
settled on their preferred processing strategies. There is little ability in hindsight to reach a 
consensus on an approach to analysis of the available GPS data at the level of the phase data. 
However, we have carefully noted and understood each center’s strategy so we are able to 
combine their products into a single, averaged product without biasing or otherwise not taking 
into account the (often subtle) distinctions between them. This has been discussed and 
demonstrated elsewhere to be an effective approach to reducing the biases and inaccuracies in 
any single GPS product (e.g. Herring et al., 2016). 

Some of the characteristics of these time series have been documented in Herring et al., 
[2016]. In Table 1, we compare the mean and weighted-root-mean-square differences between 
secular velocity estimates from some of the time-series shown above.  The top part of the table 
shows results generated in the original reference frames for the time-series and we note that the 
UNR NA-12 North America reference frame [Blewitt et al., 2013] shows large mean differences 
from the NAM08 North America reference frame used in the PBO analyses.  The mean 
differences are reduced sustainably when the time series from each group are transformed into to 
common reference frame.  In generating the CGM it is critical that all of the input time series are 
transformed into to common reference frame. 

We are now in a position where we have produced (and will continue to produce as necessary 
for the CGM) a justified and validated set of time series using the combination of each available 
center’s time series products from fundamental principles. In general, this means that the 
combination is done is geocentric coordinates before any other reference frame definitions have 
been estimated and applied. We have also tested the effect of using consistent time series 
analysis, which we now see produces very agreeable results between the different processing 
center’s products. The chosen time series analysis must account for the usual, and we believe 
that this choice, rather than the choice of processing center to include or their analysis strategy, is 
the most likely to determine the consensus with which the CGM GPS products are ultimately 
based. 

An important aspect of the combination of different analyses is accounting for the differences 
in the methods used to treat scale changes.  A common practice is to estimate scale changes 
when transforming into specific reference frame with the consequence being that the average 
changes in heights at the reference stations is removed in this transformation.  Comparison 
between the values of annual sine and cosine terms coefficients estimated from different analyses 
are shown in Table 2.  This table shows the impact of estimating scale changes.  The PBO 



analyses do not estimates scale changes in the reference frame alignment and consequently these 
analyses have larger annual terms than those that do estimate scale changes.  When the scale 
changes are estimated with reference frame sites that span only North America (such as UNR 
NA12 results) the difference are the largest because a continent wide average signal is removed.  
Treatment of scale changes will be addressed in the definition of the reference frame for the 
SCEC merged time series. 

Table 1. Statistics of the differences in the velocity field estimates using time series from 
different analyses.  (Table 15 reproduced from Herring et al., 2016). 
Analyses #a N meanc N 

WRMSc 
E meanc E 

WRMSc 
U meanc U 

WRMSc 
  (mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr) (mm/yr) 
Direct differenceb 
PBO-CWU 2140 0.00 0.04 -0.01 0.04 -0.04 0.25 
PBO-NMT 2157 0.00 0.05 0.00 0.06 -0.22 0.66 
PBO-JPL 
NAM08 

1574 0.02 0.07 -0.01 0.06 -0.01 0.39 

PBO-UNR 
NA12 

2066 -0.70 0.71 -0.14 0.20 -0.47 0.76 

Aligned through rotation and translation rate estimationb  
PBO-UNR 
NA12 

2066 0.01 0.09 0.00 0.10 -0.16 0.56 

PBO-UNR 
IG08 

2130 -0.00 0.15 0.00 0.25 0.07 0.55 

JPL NAM08-
UNR NA12 

1558 0.00 0.09 0.00 0.09 -0.11 0.53 

JPL NAM08-
UNR IGS08 

1600 -0.00 0.14 0.00 0.12 0.04 0.40 

UNR IGS08-
UNR NA12 

2103 0.02 0.15 0.00 0.13 -0.22 0.43 

a Number of common stations. 
b The statistics for the first four entries are based on the direct difference in velocity estimates.  
The entries below the “Aligned” line, are computed from differences after removing rotation and 
translation rates between the fields.  
c Values shown are the weighted mean and WRMS scatter of the differences in velocity estimates 
using the number of common stations (# column) between the pairs of solutions list in the first 
column.  The statistics are shown in north (N), east (E) and up (U).   
 

We have also examined the relative weighting of the time series from different analyses and 
Table 3 (from Herring et al., [2016]) shows the impact of different GPS data noise models on the 
estimated standard deviations of derived products.  Specifically, we note that each of the 
analyses presents has similar WRMS scatter with those analyses in a global reference frame 
(IGS08) having larger scatter than those using a North America plate region reference frame.  
The normalized RMS (NRMS scatters) which is simply the square-root of chi-squared-per-
degree-of-freedom varies between 0.6 (error bars are larger than scatter) to over 3 (errors a factor 



of 3 too small).  In order to successfully merge and average the time series from different 
analyses, the error bars need to be made consistent.   

Table 2. Comparison of estimates of annual terms from the differences between the time series 
generated by different analysis centers. The cosine and sine annual terms have zero phase on 
Jan 1. The RMS values are from sum of the squares of the coefficients with no mean removed.  
(Table 11 reproduced from Herring et al., 2016). SE-Scaled Estimated 

Analysis # stations Cos Mean 
(mm) 

Cos RMS 
(mm) 

Sin Mean 
(mm) 

Sin RMS 
(mm) 

PBO-CWU 2139  -0.06  0.23  -0.07  0.29 
PBO-NMT 2139  0.54  0.90  1.44  2.10 
CWU-NMT 2135  0.63  1.08  1.48  2.20 
PBO-JPL IG08 1574  1.37  2.01  1.48  2.22 
PBO-UNR 
IGS08 

2118  0.83  1.41  1.72  2.64 

PBO-UNR 
NA12 

2066  2.44  3.55  1.64  2.55 

PBO(SE) 
-UNR NA12  

2066  -0.67  1.20  0.45  1.10 

NMT-CWU(SE) 2135  -0.08  0.48  0.12  0.53 
 
One example of model differences that we have identified and that does need to be corrected 

is the pervasive east offset in many of the time series from NGL, which we believe stems from 
an incorrect sign in the east component of the antenna phase center model applied during phase 
processing. We are currently still developing a means by which to correct this east component 
sign error. Taken in isolation, this constant offset in the east component of the UNR products is 
not a problem but, when seeking to combine with other time series products at the fundamental 
level, it becomes essential if the UNR products are to be included at all. Due to its origin, the 
necessary correction is a known value but it varies according to the antenna type used (or, more 
correctly, assumed during the processing of the phase data). By knowing the antenna type and its 
calibrated values of effective phase center, we may predict and remove the averaged effect of the 
value being applied with the opposite sign. Once this correction to the UNR time series is 
achieved, either by their reprocessing of all relevant time series with the corrected phase center 
offset or with our post-processing correction, we will be able to include yet another analysis 
center in the production of time series for the SCEC CGM. 

Such in-depth analysis of various products has also revealed how differences in precise point-
positioning (PPP) and network processing approaches in general lead to fundamentally different 
levels of formal precision, which must be accounted for if one or more product is not to dominate 
the others when combining or simply averaging the results. Rather than go into excessive detail 
in this technical report, we refer the reader to the extensive discussion in Sections 2.5 and 3 of 
Herring et al. (2016). 

 
Combined geodetic observations of the South Napa earthquake 

This SCEC award also ultimately supported the publication of geodetic observation of the 
2014-08-24 South Napa earthquake (Floyd et al., 2016). The paper used the combination of 
InSAR and GPS to estimate the coseismic and post-seismic (afterslip) deformation associated 



with the South Napa earthquake (e.g. Figure 1). We demonstrated the value of combining InSAR 
with both survey and continuous GPS, which we believe to be an important consideration for 
SCEC. Other SCEC awards have sought to capitalize on historical gaps in GPS observations 
where early survey data but no recent continuous data exist (e.g. around the Ventura Special 
Fault Study Region), and SCEC scientists continue to make survey GPS measurements in areas 
that are otherwise not adequately covered by continuous GPS networks. Floyd et al. (2016) show 
very clearly the benefit of having (a) pre-established survey sites with regular pre-seismic 
observations and (b) a rapid response to the earthquake, including medium-term maintenance of 
as many sites as possible to capture post-seismic slip phenomena. Other papers on the South 
Napa earthquake made specific comments on the value of near-field data (e.g. Wei et al., 2015), 
which Floyd et al. (2016) had obtained and subsequently presented. 

Table 3. Statistics of the position residuals from the fits to the GAGE time series velocity 
analyses for different solutions. (Table 14 reproduced from Herring et al., 2016). 
Analysis # 

stations 
N 
WRMS 
(mm) 

N 
NRMS 

E 
WRMS 
(mm) 

E 
NRMS 

U 
WRMS 
(mm) 

U 
NRMS 

CWU 2160    1.32     0.64    1.28    0.76    6.02    0.81 
NMT  2169    1.11     0.59    1.18    0.67    5.83    0.86 
PBO   2170    1.11     0.66    1.13    0.76    5.38    0.88 
JPL NAM08 1636    1.27     1.91    1.19    2.20    5.64    2.66 
UNR NA12   2116    1.38     2.14    1.31    2.50    5.21    2.51 
UNR IGS08 2184    1.91     3.06    1.98    3.88    6.34    3.11 
JPL IGS08 1636    1.85     2.88    1.97    3.85    5.55    2.67 

 
The paper also showed how InSAR and GPS data may be combined in the most basic way to 

invert for geophysical parameters, in this case afterslip on the major coseismic fault planes. 
During our analysis, we found that the combination of continuous GPS measurements with 
regular SAR acquisitions resulted in no need for temporal smoothing constraints in the inversion 
for afterslip, because the combination of the two geodetic data types resulted in a well-
determined problem: the GPS largely controlled the temporal evolution of the afterslip between 
SAR acqusitions while the combination with the more intermittent but spatially denser SAR 
acquisitions provided control on the spatial distribution of the slip. We envisage such a healthy 
balance between the GPS and InSAR contributions to the CGM, and SCEC science in general, so 
long as the two geodetic communities continue to work closely together. 
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Figure 1. Combined InSAR and GPS data for the coseismic phase of the South Napa earthquake. 
The majority of GPS sites (yellow vectors) near the rupture (bold red line) are survey GPS sites. 
Continuous GPS sites are further afield, around the periphery of this figure’s boundary. Modified 
from Floyd et al. (2016). 
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