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ABSTRACT: We report on the methods and results from the GPS data analysis part of the NSF Geodesy
Advancing Geosciences and EarthScope (GAGE) project operated by UNAVCO. Current analyses include NAMOS8 Reference Frame realization and comparisons Time series realization and characteristics

GPS data from the 1100 Plate Boundary Observatory (PBO) sites and approximately 700 other sites

, , , , _ _ Reference sites used to define the North The time series for GAGE are formed by aligning the NMT and CWU and their combination
use.d.to densify the network in some locations and tc.) proylde spatial extgnt on the North Amerlca and American plate in the NAMOS reference (PBO) to an hierarchical list of high quality (based on time series correlated noise
Pacific plates. Analyses from 1996 to present collectively include approximately 2050 unique sites over frame. The (39) red vectors show the IGb0S characteristic) reference frame sites. The hierarchical list is formed on 150km sided grid

reference sites that are used to define
NAMOS. The (38) black vectors are the
observed motions at the sites used to define
the North America plate Euler pole in

the 18-year period. The results from these analyses are updated daily for rapid solutions (~1 day
latency) and weekly for initial analyses using IGS final orbits (2-3 week latency). Analyses are also run
with 12- and 26-week latencies to add sites that were not available (either telemetry failures or

that covers the PBO region. Within each grid cell with sites, only one site (the best
available) is used as a reference frame site in the daily reference frame realization. The
reference frame site positions are determined in the velocity analysis. Only translation

mar|1ua?| download.sgiizllc“urmﬁ thel\l/lnm.al a;alxsesaRgle\D/S(il(ata gre prc:c\::/ssehq HSINS LW9 dn‘feregt GZS 9 Altamimi et al., [2012]. The blue error ellipses and rotation are used to align to the reference frame. Scale is not estimated.
analysis programs: at. ew Mexico Tech an at en.tra ashington University. Com .|ne. show the 95% confidence error ellipses of the The relative variance-covariance scaling between the NMT and CWU solutions is constant
results are th.en proc?lucec with G!_OB.K at MIT. All results are available through ’Fhe UNAVCO web site in site in the PBO analysis with velocity standard (0.7 and 4.8) and is determined from the average y%/f (f is degrees of freedom) fit to
the fo.rm. of time series and velocity fields |n.the NAI\/IQS (ITRFZOO§ Norjch Amerlca Euler pole from 20" deviations less than 0.5 mm/yr. The WRMS reference frame for data collected after 2004. These systems are all iterated.
Altamimi et al., 2012) and IGS08 frames. Daily SINEX files are provided in fiducial free and NAMOS o | scatter of the 38 North America defining sites Number of Reference Frame and Used Sites
frames. Event files are generated within a few days of earthquakes in the GAGE analysis region that . 0_ 100020003000 _ . T 20 mmiyr (black) are 0.33, 0.46 and 1.11 mm/yr in _NM'T | | | | R
generate co-seismic displacements greater than 1 mm. The median weighted root-mean-square 19072007 210" 220" 230" 240" 250" 260° 270" 280" 260" 300" 310" 320" 330 340" North, East and Up, respectively. 15001 CWU i
(WRMS) scatters of combined position time series are less than 1 mm in north and east (NE) and 4 mm —E’\EE)
for vertical (U) over monthly durations. For all results processed thus far (~18 years of data for the Comparison on velocity solutions generated in GLOBK and from time series g 1000 _
longest running sites), WRMS scatters of the position residuals about linear trends, with offsets for 3
earthquakes and antenna changes removed, are ~¥1.5 mm NE and 6.5 mm U. The top 10% of sites have 00l L g—— e e —
short period scatters (month duration) of 0.5 mm NE and 1.9 mm U, while the long-term scatters c . Ch08 North America Fixed B - |
increase to 0.8 mm NE and 3.3 mm U. The noisiest sites are generally in volcanic areas and/or affected Ompa_”_son to orth America Fixe SRR | | | | |
by snow and ice on antennas. We will present results from GAGE analyses in terms of secular rates FEIL el Repredessee e Lo (5 Bz Bod Eizs 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
ross the Pacific/North Ameri late boundary and non-secular signals arising from earthquakes (co solution (GLOBK) Total ber of sites ( ta) and ber of ref it d daily for NMT, CWU and PBO
dCrosSs e .ac | C (@) | eriCa plate oo ) | g g g PBO Reprocessed T 78 0.15 135 0.57 1.09 .0.047 Otal numper ofr Sites (magenta) and numper or rererence SItes use ally 10r , an
and post-seismic deformation) and other natural and human-induced processes. (GLOBK) analyses. T | Reference Frame Fit NRMS
. . . CWU time series 38 0.19 3.07 1.06 3.32 0.035 T I ' ' '
*AC routine products: Rapid Analysis : NMT time series 38 0.17 2.85 0.70 3.16 0.020 B! ”l ol | | i
. - . . . . . = | i ’i Il | f

eStarted at ~18:00 UTC for previous day using |GS rap|d products. Starts when IGS rapld orbit PBO time series. 38 0.15 3.05 0.74 3.45 0.025 (\;X “”“'.‘M‘» M“' \.l”' ||~\‘|"|l,|l|‘ | |.|||'\|'||w ‘l ,‘\n'l"' e "'llh,ll {1k I‘ ’ Al ity f ll' ) W I ~“ FuA JWL w )‘,Ll"
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becomes available (generally this is very regular) Comparison to PBO time series 0.5 m ' | Lot il e il i )
eProducts: 24-hour latency (i.e., 6-hours to process data) PBO !”'“al Reprocessed 1193 0.51 2.09 1.37 1.53 0.046 9 | | | | | | |

Loosely constrained SINEX file with station position estimates with bias fixi solution 2 |
O05€ly constraine € WITh station position estimates with bias fixing PBO Reprocessed solution 1717 0.25 1.61 1.45 2.00 -0.022 0 -
—Root-mean-square (RMS) scatters of and numbers of phase residuals by site. (GLOBK) =
Z
e Aim: These products are for quality checking of sites and “rapid” response after “events” (mainly CWU time series 2025 0.06 0.70 0.32 0.70 0.000 2 0.5 i
earthquakes or volcanic eruptions). NMT time series 2023 0.08 0.97 0.35 0.85 0.008 T Q | | | | | | | | |
: : : _ ] 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
*AC routine products: “Final” Analysis CWU-NMT 2013 0.11 1.27 0.60 1.30 0.022 .
e e . The x’/f (NRMS) of the fit to the reference frame sites for NMT, CWU and PBO. The covariance
*“Final” here comes from the use of the name “final” I1GS orbit. . ~
_ . . . . S £ hori | . : : < ellere : matrices are scaled to make these values ~1 after 2004). For the 11 years of results from 2004 to
eStarted: Normally Friday of each week when IGS final orbit for two weeks prior becomes available. RMS scatter of horizontal position time series and velocity estimates 2015, the average NRMS for NMT, CWU and PBO are 0.96, 0.91 and 1.10 indicating the relative
CWU analysis uses JPL products, NMT uses IGS products. - _ weighting is consistent.
eProducts: 13-19 day latency depending on day of week data collected. Wy Déo L ﬁ\ km i\ | i J Mean Height Residual at Reference Frame sites
: : : L : : : ), e ] B G oer WG D e ] B 10 | | | | | |
e Aim: Highest quality products generated near in time to data collection. Differences from rapid v G| g oo e ' B s s ] - ! |
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—More stations available due to some latency in data returns 9 \ : ’ | s oo "
. & 450 IDNP — i 1 i I | | | | I
*AC routine products: “Supplemental” Analyses 12 and 26 week latency N S a, gﬁ%a%m = 10
. . . . g ” . PS94 Pl h ?.fi?‘::' | N
*Run with 12/26-week latency and adds stations that were missed in the “finals” run. Combined o g o A I o N T ! “ul,mm o MWWJMMM I Mi WJM HM WO VORTINONT | T v» nJlHM
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with finals runs to generate merged analysis. 26-week latency analysis replaces 12-week on. A e e I ] c | ‘r e .‘\*|Tr'\|lh"-‘|wJ"MWI'WW"I” L WHHWWW Qu WWW'W WWM (e Ak Al W[ W |
o) R3oz ()] —
eGenerally 10-40 stations added in this analysis. Designated with name suppl or supp6 (added 9;981 | = -5/ CWU-PBO
. . o« . . . MmOt P38s P78 ® | | | | | | | | |
site) or suppf (site originally in final). S T “Y896 1998 2000 2002 2004 2006 2008 2010 2012 2014
° Reprocessed results: SrTorse 1, | Mean Height Residual at Reference Frame sites
FROPBEG L TR0 p o | P 0 10
. . . B o (M 8 e Iy | | | | | o
eReprocessing complete from 1996 to 2014 using ITRF2013 model standards and products in the &?ﬁ@ig% E : | W " ’g el ] N\ w | LN"'V% ~ " -
s -Of%._.onBP EOMG. (oML PN -100° -95° -90° -85° -80° -75° -70° -65° 60" -55° - == e N _‘_ A M v kL _ il IV M A NN F
ITRF2008 system. B 0 it ° = oMt o M YA Mt LAl Aﬁ!‘u"““”mﬁ 1'b il i 7
*ACC routine products oo N R e —_ § s W | | w%‘%‘"‘j NMM.' ‘” | [ AR
~124° ~122° -120° -118° -116° -114° -112° -110° s - WU "“"
_ : : . — PBO
For both rapid, final and supplemental products: Distribution of the RMS scatters of horizontal position estimates from the PBO combined analysis for = 10 | | | | | | | |
e AC and merged SINEX file: Frame resolved the Northern Western United States and Caribbean. The color of the ellipses that give the north and £ 5r MA A M A/N | N_
eTime series results for AC and merged results. Frame definition using Pacific, Eastern Russian, east RMS scatters denotes the network given by the legend in the figure. The small red circle shows = opkhhtlaino WWWWV\ “V\L] L AWVM wquM "‘AUV/\WM\W m
: : : : : _ : the size of 1 mm scatters. Sites shown with black circles have combined RMS scatters in north and east o |7/ NMT-PBO A
Canada and North America. Time series currently available in ASCIl format. Statistics of station . . . > -5 CWU—PBO
N 9 44 . & t H ‘ greater than 5 mm or are sites that have no data during this interval. < | | | | | | | | |
phase data and time. tventfiles arter eqarthquakes. “W12 20122 20124 20126 20128 2013 20132 20134 20136 20138 2014
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*Products available via http://www.unavco.org/instrumentation/networks/status/pbo

The GAGE reference frame realization does not estimate scale (with antenna models fixed, GPS scale
is not intrinsically uncertain). A proxy for scale is the average height residuals and the above figures

1000 | 1000

900 | 900 | WRMS scatters of 1996-2014 reprocessed time series. show these results for the NMT, CWU and PBO solutions.  The lower figure is a zoom of the
é oo é o0 Histogram is for the combined PBO series. The table shows 2012-2014. The “annual” signal (it may be draconitic) is also seen in global GPS results. If scale is
5 %01 o S0 summaries for the combined PBO and NMT/CWU analyses estimated, this mean height signature would be removed from all sites in the network. The lower
§ a0} | § g0} L parts of the figure show the differences between NMT/CWU and the PBO scale. It is clear from
=e 2 oo these figure that the scale of the combined solution closely follows the CWU scale even though the
100 ( M | 3 100 ( | Median NMT height uncertainties, over are less than the CWU ones. The reason for the PBO scale tracking
° N1ORTH2 | ° ( ) | ° ° ;AST ° | ° ( 4) ° (50%) the CWU scale is not clear but it may be related to inter-site correlations in the NMT solutions where
Mean (nm) 151 Sigma (nm) 150 Sttons: 2006 Mean (nm) 154 Sgma (mm) 236 Statons: 203 PBO 1.2 1.3 5.3 the satellite clocks are effectively estimated versus the CWU solution where they are fixed in the
NMT 1.2 1.3 5.6 precise-point-positioning (PPP).
1000 CWU 1.4 1.4 6.5 | |
%00 | 70% Summary: All of the GAGE analysis results and the algorithms used by NMT, CWU and
%) 800} - . .
S 7ol L PBO 1.5 1.6 6.1 MIT are available through the UNAVCO web and ftp sites. The median RMS scatters of
2 s NMT 1.6 1.7 6.4 | | the time series at < 1.5 mm NE and 6.5 mm H. Velocity estimates between the NMT
£ 00 & L& 1.7 /. v “_ v e e , o _ , and CWU solutions have RMS differences of 0.11 NE and 0.60 U mm/yr. Scale
Z 200 95% Velocity field estimates from the combined PBO solutions generated using time series analysis and the : ... :
100 | . . . treatment in the GAGE analysis is different to most other analyses and the inferred
= \ PBO 3.4 3.1 9.1 FOGMEX error model. 95% confidence interval error ellipses are shown. The color scheme of the o .
A NMT 3.4 3.2 8.8 vectors matches the network type legend above. Only velocities with horizontal standard deviations scale of the PBO solution is controlled by the CWU solution because of the neglect of

UP vel_wrms (mm)

Al T A R S i CwWu 3.8 3.5 11.4 less than 2 mm/yr are shown in North Western United States and 5 mm/yr in the Caribbean. inter-site correlations in the PPP solutions.



