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We have developed the capability of merging GPS time series from different analysis groups and 
in different formats into a single common time series.  There are two main steps in merging the 
time series (1) transforming the results from the reference frame in which the original time series 
were generated in to a common reference frame and (2) averaging the results with the 
appropriate weight given to each analysis.  In current SCEC and related research, we have been 
addressing the issues associated with generating the merged products.  We have been examining 
time series the following sources:  
(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/  
and IGS08. The UNR time series, while extensive, have an error in the east coordinates of the 
sites that will have to be corrected so that we can use these time series in the merged products. 
 
All of the above time series are available un-filtered and with no data editing applied in Cartesian 
coordinates.  The un-filtered state means that possible large scale transient signals have not been 
removed or significantly reduced in magnitude in the filtering process.  In our combination 
analysis, we edit “bad” results but again, we need to be careful not to remove possible signals.  
One specific case is skewness in the position residuals that are likely due to atmospheric 
refraction effects.  For tectonic studies, we may want to remove the heavily skewed results but 
the development of the full understanding of the GPS results, the skewed values should be 
retained.  Our current analyses, use Cartesian coordinates because these can easily be rotated, 
translated and possibly scaled to define specific reference frames for the time series.  As noted 
above in item (c), the time series being generated by the NASA Measures program have not been 
available in Cartesian coordinates for the individual analysis contributions from the GAMIT 
processing at the Scripps Institution of Oceanography (SIO) and the GIPSY processing at the Jet 
Propulsion Laboratory (JPL) for some time.  (Only the combined product is available at the 
UCSD ftp site.)  However, as part of the Measure program, NASA now requires all results 
generated by the program be made available at one of the NASA data archives.  We will use 
results from the Measures analyses that have been archived at the NASA Crustal Dynamics Data 
Information System (CDDIS).  These results are available through the ftp site 
ftp://cddis.gsfc.nasa.gov/pub/GPS_Explorer/archive/2017/.  A description of the products 
available is given in ftp://cddis.gsfc.nasa.gov/pub/GPS_Explorer/00Readme.txt.  Interestingly all 
products are not described in the README file but from the names the meaning of the contents 
are clear.  Cartesian flies are still not available, but files from the SIO and JPL processing and the 
combined files are available.   These files are updated weekly.   
 



The characteristics of the time series remain unchanged from those documented in Herring et al., 
[2016].  As a reminder of the currently quality, we reproduce some of the tables from this paper 
below.   The results in Herring et al., [2016] were generated with partial support from SCEC.  
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.   

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).   
 
The estimated standard deviations of the position estimates in the time series files from the 
individual analysis centers are not generated with the same error models and hence we need to 



account for these differences.  We currently scale the standard deviations for each analysis so 
that they are self-consistent.  The algorithm we use scales the error bars such that the c2-per-
degree-of-freedom (c2/f) of the position residuals at the ~500 reference frame stations used to 
align the reference frames of each time series is unity.  We refer to the Ö(c2/f  as the normalized 
weighted root mean scatter (NRMS).  A single value is applied to all of the results from each 
analysis center.  For NMT/CWU/PBO time series this scale factor is unity because these time 
series are generated with this scaling of the standard deviations.  The JPL and USGS analyses 
which use the same data noise model, the scale factor for the standard deviations is 2.91 and for 
the Measures analysis it is 1.43. 
 
In Table 2, the medians of the WRMS scatters of the times series from each of the analyses 
groups are given.  In this table, the standard deviations have not been rescaled and the deviations 
of the NRMS from unity show the need to re-scale the time series error bars. These results show 
that each of the groups generate results of comparable quality.   

Table 2. 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 region in which merged time series will be generated is shown in Figure 1.  The region is the 
geographic region bounded by latitudes 31o-38o and longitudes 237o-246o. There are 792 
continuous operating stations in this region that are processed by at least two of the groups 
whose results are used to generate the GPS time series component of the CGM.  These results 
were used in the SCEC CGM workshop held in San Diego, March 12-13, 2018. 
 
Figure 2a-b, give examples of the input time series and combined time series that have been generated 
with the analyses discussed above.  The results are shown for site P302 which has a North WRMS scatter 
that matches the median of all 792 times series.  The figures show the North and East residuals after 
removing a trend and the height estimates with no trend removed.  For clarity we have separated the 
values by multiples of 10 mm.   
 
Our next additions will be to add the UNR time series with the east antenna phase center offset 
corrected.  The JPL and SOPAC contributions to the Measures time series will also be added 
when we convert these files to Cartesian coordinates.  The other 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 shows the impact of estimating scale changes.  
These results are discussed in detail in Herring et al., [2016]. 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. 
 

Figure 1: View of the secular motions in Southern California to show the density of continuous 
sites that will be available for generating the merged time series.  The black vectors show 
motions relative to North America (316 up from 188 sites in 2016) and the red vectors relative to 
the Pacific plate (410 up from 298 sites in 2016).  The vectors are referred to the plate which 
generates the smallest velocity estimate. These sites are from merged PBO, Measures, JPL and 
UNR processing. 
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Figure 2a: North component residuals after removing a linear trend of  10.63 mm/yr for site 
P302 from the analyses of the centers whose time series results are being combined.  These 
results are part of the time series presented at CGM workshop held in March 2018. 
 

 
Figure 2b: East component residuals similar to the results shown in Figure 1a.  A linear trend of 
-7.11 mm/yr has been removed. 
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