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Summary

Under the GAGH-acility Data Analysisubcontact, MIT has been combining results
from the New Mexico Tech (NMT) and Central Washington University (CWU). In this
report, we show analyses of the data processing for the [2&i&d2/15 to 2017/03/11,
time series velocity field analyses for the GA&Brocessing analyses (192616).
Several earthquakes were investigated this quarterdneigeneratedoseismic
displacements 1mm There were some earthquakes that coolitbe assssed due to no
available posearthquake datalthough the expected magnitudes for an coseismic
displacements were smalFor thisquarter the lastfinals results were faviarch 11.
2017 We added a new bad station table for sites with recently sglempbsition RMS
values.Associated witlthereport arehe ASCII text files that are linked into this
document.

This quarter we introduced a new product which contains the estimates of the offsets in
the time series due to equipment changes and eartteyuiike header records in this

new poduct describe the product, its format and notes that it is not a quality tested
product.

Under the GAGE Facility GAMIT/GLOBK Community Suppae report on activities
during this quarter.

GPSAnalysis of Level 2a and2b products
Level 2a productsRapid products

Final and rapid level 2a products have beegeneraenerated routinely during this
guarter. The description of these products, the delivery schedule and the delivery list
remain unchanged from the preus quarter and will not be reported here.

Level 2a products: Final products

The final products are generated weekly and are based on the final IGS Dhbits.
description of these products, the delivery schedule and the delivery list remain
unchangedrom the previous quarter and will not be reported here. Data volumes being
transferredemains about the samén this quartel 839 stationsvere processed

compared td.869for the previous quarterThe reduction in number of stations could be
due to emote site downlas and stations going elihes. Reductions in the numbers of
stations being included in the finals analyses have been noted by thé&ases] on

Table 2 changes since last quarter, most of the loss seems to be in the expanded network
athough we did revise the site allocation algorithm between PBO and expanded and this
may explain some of the difference i.e., in earlier quarters, some PBO stations were
assigned to the expanded network category.

Level 2a products: Hveek, 26week sup@ment products
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Each week we also process the Supplementalvfiek latency) and six month
supplemental (26veek latencypnalyses from the ACsThe delivery schedule for these
products is also unchanged.

Analysis of Final productdDecember 15, 201&ndMarch 11. 2017

Each month, we submit reports of the statistics of the PBO combined analyses and
estimates of the latest velocity fields in the NAMOS8 reference frame based on the time
seres analysis of data between 1298 month preceding the report (need to allow 2

3 weeks for the generation of the final products). For this report, we generated the
statistics using the3 months of results generated betwBetember 15, 201énd

March 11. 2017 These results are summarizedable 1 and figures-3.

For the three months of the final position time series generated by NMT, CWU and
combination of the two (PBO), we fihear trends and annual signals and compute the
RMS scatters of the position residuals in north, east and up fostsicmin the

analysis. Our first analysis of the distribution of these RMS scatters by analysis center
and the combination. Table 1 shows the median (50%), 70% and 95% limits for the RMS
scatters for PBO, NMT and CWU. The median horiZIoRMS scdters are lesan or

equal 1.8 mm for all ceiters ad as low as 0.886.90mm for NM northandPBO east
componerd The p RMS scatters are less thanequals.98 mm and as low as 5.57m

for thePBOsolution These statistics aeelittle larger thadast quarterSeaonal changes

in atmospheric delay properties will introduce small variations in these values quarter to
guarterwith this quarter beinglightly worse tharast quarter In the NAMOS8 frame
realization, scale changes are not estimated. If scale chaagesstimated, the up

scatter would be reduced but the sum of scale change RMS and the lower height scatter
would equal the values shown in Table 1. The detailed histograms of the RMS scatters
are shown in Figures3 for PBO, NMT and CWU.

Table 1: Statstics of the fits of 1839, 183&d 1833statiors for PBO,NMT and CWU
analyzed in the finals analysis betwdagcember 15, 201&dMarch 11. 2017
Histograms of the RMS scatters are shown in FigeBe 1

Center North (mm) East(mm) Up (mm)
Median(50%)

PBO 0.88 0.90 5.54
NMT 0.85 0.91 5.58
Cwu 1.06 1.03 5.98
70%

PBO 1.10 1.15 6.12
NMT 1.08 1.15 6.10
Cwu 1.32 1.31 6.65
95%

PBO 2.56 2.60 9.51
NMT 2.51 2.58 9.88
Cwu 2.79 2.89 10.63
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Figure 1: PBO combined solution histograms of thertipEast and Up RMS scatterfs o

theposition residualsdr 1839 statiors analyzed betweddecember 15, 2018ndMarch

11. 2017 Linear trends and annual signals were estimated from the time series.
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Figure 2: NMT combined solution histograms of the NgrEast and Up RMS scatters of
the msition residubs for 1835statiors analyzed betweddecember 15, 2018ndMarch

11. 2017 Linear trends and annual signals were estimated from the time series.
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Figure 3: CWU combined solution histograms of the Noiast and Up RMS scatters
of the paition residual$or 1832statiors analyzed betweddecember 15, 201énd
March 11. 2017 Editing removes two stations for North and Upnear trends and
annual signals were estimated from the time series.

For the PB combined analysis, we also evaluate the RMS scatters of the position
estimates by network type. THiguresbeloware based on our monthly submissions but
here we usaominally3 months of data to evaluate the RMS scattBrd able 2, we

give the medin, 70 and 95 percentile limits on the RMS scatters. The geographical
distributions of the RMS scatters by network typestr@wn in Figures-9. The values
plotted are given iPBO_FIN _Q14.tab There are 831 statiors inthe file for sites that
haveat least 2 measurements during the monkie contents of the files apé this form:
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Tabular Position RMS scatters created from PBO_FIN_Q14.sum
ChiN/E/U are square root of chisquared degree of freedom of the fits.
Values of  ChiN/E/U near unity indicate that the estimated error
bars are consistent the scatter of the position estimates

Site # N (mm) ChiN E (mm) ChiE U (mm) ChiU Years

INSU 87 0.8 046 10 063 55 0.82 13.15

1ULM 78 0.7 046 08 055 55 0.92 13.73

70DM 85 0.7 047 0.7 056 5.2 098 15.89

ABO2 87 0.8 056 0.9 078 43 093 9.80

E

ZBW1 87 0.7 036 0.8 050 5.6 0.81 13.77
ZbCl1 87 08 045 08 055 51 0.77 13.77

Zbvl 86 0.8 041 11 068 6.7 095 13.77

ZKC1 87 0.8 043 0.6 040 6.0 0.87 13.77

ZLA1 87 1.6 0.76 1.3 0.70 7.5 097 13.77
ZME1 87 0.9 047 0.6 0.38 6.6 0.93 14.00

ZMP1 87 0.7 037 0.7 049 6.5 1.01 14.24

ZNY1 87 0.8 041 0.8 053 4.8 0.73 14.15

ZSE1 87 09 041 11 067 6.4 093 14.15

ZTL4 87 0.7 040 0.7 045 53 0.74 1435

Table 2 RMS scatter of the position residuals for the PBO combined solution between
December 15, 201&ndMarch 11. 201divided by network type. The division of
networks is based on the JAVA script unavcoMetdata.jar with network &&igs

Nucleus Mid- SCIGN_USGS America_ GAMA Expanded_PBQOCOCONetand
Expanded_PBO

Network North (mm) East (mm) Up (mm) #Sites
Median (50%)

PBO 0.88 0.89 5.69 870
NUCLEUS 0.80 0.79 5.20 203
GAMA 0.50 0.62 5.83 14
COCONet 1.22 1.29 5.37 111
USGSSCIGN 0.89 0.89 4.93 131
Expanded 0.84 0.88 5.51 510
70%

PBO 1.11 1.16 6.27

NUCLEUS 0.97 0.99 5.97

GAMA 0.59 0.64 5.95

COCONet 1.46 1.58 6.57

USGSSCIGN 1.21 1.25 5.48

Expanded 1.02 1.10 5.98

95%

PBO 2.94 2.58 9.97

NUCLEUS 1.63 1.61 8.05

GAMA 0.71 0.66 6.74

COCONet 2.88 4.42 10.82
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USGSSCIGN 2.52 2.91 9.31

Expanded 2.43 2.44 8.88
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Figure 4: Distributionof the RMS scatters dforizontal position estimates from the PBO
combined analysis for the Northern Western United States. The color of the ellipses that
give the north and east RMS scatters denotes the network given by the legend in the
figure. The smiared circle shows the size of 1 mm scatters. Sites shown with black
circles have combined RMS scatters in north and east greater tharobaresites that

have no data during thisrfBonth interval
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Figure 5: Same as Figure 4 except for the SouthWestern United State®lack
circles in the Yucca mountain region have no data during thisr&h period.
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I"H$%68%'$()*+,-+./1$0- 1248 454638546$90$: $(H43



)$! E\
g Network Codes
798 0 78)( O  79/E?FGHIJKJ
I (] fs8 6:- 248 2 O -5132E8-3-
o M6 2| @ smkL
' @ .MJiDE3..
o) © 2NOPKNQ
%" 7$(§# @ O 79
9& 7 o @® MRSE>-
9_
; @
. T%$# 2 )
74
" o
7s( 75
! o 7%
78(#
o)
<+5
ng | '@! 7
i
7$(!
58! 7B#% [
o F
(o g ke &
| 79
>3i%55) >3@t#>3%)(
©
38! —>74 ° Q_
© 7V 03: =
y o g g% <@ :
(&! Frasss 785% TS | 7S o 7R
© /09—
7%5 $( 7,#$ 6A., P
@ 750 @ 6AB; Y
( ! 790 >3) 5@ g@( 7$(Y .
,@@9 6A+8
78%
" %%B B3 ° 6AD
(#! A - 6A
63
($! ® Ry
8-A
©)
. -
a7 — — -
P S g% iI$&! B$U 1 i$#! NSS! %!

Figure 7: Same as Figure 4 except for the Central United States
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Figure 8: Sameas Figure 4 except for the Eastern United States
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Figure 9: Same as Figure 4 except for the Caribbean region.

GLOBK Apriori coordinate file and earthquake files

As part of the quarterly analysige run complete analysis of the time series files and
geneate position, velocity and other parameter estimates from these time series. These
files can be directly used in the GLOBK analysis files sent with the GAGE analysis
documentation. These links point to the current earthquake and discontinuity files use
in the GAGE ACC analysegll PBO egs.eddll PBO ants.ecill PBO unkn.eq The
GLOBK apriori coordinate filAll PBO nam08.apis the current estimates based on

data analysis in this quarterly repo8tartingin Q06, weaddeda GLOBK apriori

coordinate file based on the latest SNIPS PBO velocity file that are generated monthly.
The SNIPS file updates the coordinates and vt#soof statiors that have changed in

some significant fashion since the generation of the primary apriori coordinate file. The
current file isAll PBO _nam08_snips.apBoth of these apriori files are read with the

PER option in GLOBK (i.e., no periodic terms are applidd these files, comments

have a nofblank character in the first column and text after a ! in lines is treated as a
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comment. The apriori file contains Cartesian XYZ positions and velocitregters

with the epoch of the position in decimal years (day of year divided by days in the
specific year). The comments contain the standard deviations of the estimates and are not
specifically used in GLOBK (yet). The GEOD lines give geodetic coordireatd not

directly used (information only). The EXTENDED lines give the extended parts of the
model parameters. Specifically, OFFSETS are NEU position and velocity aff$bées

times of discontinuities. The velocity changes are all zero in the PBgsasa The

Type in the comment at the end of line indicates the type of offset. If a ngnens

then this is an antenna or unknown origin offset. For earthquakes, EQ is the type and two
characters after is the code for the earthquake. If postsaisotion is model, then LOG

or EXP EXTENDED lines will appear. The time constant of the function is given after
the date (days) and the amplitudes in meters in NEU frame is given after that. The
comment contains the standard deviations in mm. PERIO&iastgive the period

(days) after the date and then cosine and sine terms in NE&Jperiodic terms are not

used in the standard GLOBK analys@fie comment contains the standard deviations.
The GLOBK apriori coordinate file contains annual periodimgebut these are not used

in the daily reference frame realization.

When interpreting the offsets in the apriori file, it is important to note that these are
obtained for a simultaneous analysis of all data from a site. If the residuals to the fit are
systematic, the offsets often will not be the same as an offset computed from analysis of
shot spans of data on either side of the off§é¢. are considering adding such an

analysis type in the future.

We have introduced a new prod#dtOffsets 20170403ad, where the date is the date

the file was generated, which gives the estimates of the offsets obtained from Kalman
filter analysis of the time series. The products is discussed later in the report.

Snapshot velocity field analysis from the reproces420 analysis.

In our monthly reports, we generate OsnapshotO velocity fields in the NAMOS reference
frame based on the time series analysis of all data processed to thaienave now
started to distribute the snapshot fields (SNAPS) and the samtifipdates to the
standard PBO velocity file (SNIPS file) in standard PBO velocity field format. These
files are distributed in the monthly reportsor this quarterly report, we generate these
velocity estimates for the reprocessed results and thent @ACE analyseshat are in

the NAMOS reference framelhereare2207 statiors in the combined PBO solution
whichis slightly larger than the 2191 stations reported indgbequarterThe statistics of
the fitsto results are shown in Table & this analysis, offsets are estimated for antenna
changes and earthquakes. Annual signals are estimated and for some earthquakes,
logarithmic postseismic signals are also estimatethe full tables of RMS fits along

with the duration of the data used areeg in the following linked files:

pbo nam08 170311.tabmt nam08 170311.taindcwu nam08 170311.tafhhe

velocity estimates are shown by mgiand netwdk type in Figures 116. The color
scheme used is the same as Figur@s he snapshot velocity field files are linked as:
pbo nam08 170311.snpyaimt nam08 17811.snpveblnd

cwu nam08 170311.snpvel
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Table 3 Statistics of the fits of 2207, 22@5d 2198statiors analyzedy PBO, NMT
and CWUin the reprocessed analysis for data collected l@twan 1, 1996 drMarch
11 2017

Center North (mm) East(mm) Up (mm)
Median(50%)

NMT 1.14 1.23 5.78
Cwu 1.35 1.33 6.02
PBO 1.14 1.18 5.35
70%

NMT 1.48 1.58 6.50
Cwu 1.67 1.64 6.82
PBO 1.46 1.50 6.04
95%

NMT 3.28 3.23 9.37
Cwu 3.46 3.41 10.39
PBO 3.27 3.21 9.31

Different tolerances are used for maximum standard deviation in each of the figures so
that regions with small velocity vectors can be displayed at large scales without the plots
being dominated by large error bar points. The standard deviatitimes wélocity

estimated are computeding the GLOBK FirsbrderGawssMarkov Extiapolation
(FOGMEX) model thataims to account for temporal correlations in the time series
residuals. This algorithm is also called the ORealistic SigmaO model.

A direct conparison of the NMT and CWU solutions shows the weightedmezn
squarg WRMS) difference between the two velocity field0i®7mm/yr horizontabnd
0.70mml/yr vertical fromdifferences of dl statiorsin the two solutions that hawelocity
sigmas that sum to less than 100 mm/¥his is a small change from previous reports
and now only common stations are now comparatin@arby stations have been
removed. The! %f of thedifference is (1.08 for the horizontand(1.96)  for the
verticalcomponent These compa@ons are summarized in Table As noted in
previous reports, adding small minimum sigrtexdded in a roesumsquared sense)
computed such thaf/f is near unity changes the statistic sligh{fiable 4. With the
FOGMEX correlated noise model used to compute the velocity sigmas, the comparison
statistics are close but stil-36% optimistic over expectation¥he 10worststatiors, in
the order theyra removed, ar6&OUT,BSNC, RI82, AC78, PBHR, MTA, P025, P483,
P282,MYT2 when the added sigmas are not appliedRh@X, FSHB, CN40, P482,
MTA1L, AC78, PBHR, P483, P28RJYT2 when the values given in Table 4 are sum
squared into the velocity sigma estigmtThislist is similar tothe listin the previous
guarteralthough this time we have split the list into two partsm8 stations haveeen
added andthersremoved.
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Table 4 Statistics of the differences between the CWU and NMT velocity solutions with
no transformation between thenthe stations common to the CWU and NMT solutions
are usedvhich is a slightly smaller number than in either solutiarhe PBONMT and

CWU solutions themselves ha2&97, 2197and2187stationswhose velocities can be
determined to better than 100 mm/WRMS is weightedrootmeanscatter and NRMS

is sqrt({ ?/f) where f is the number of comparisons.

Solution # NE WRMS U WRMS NE NRMS U NRMS
(mm/yr) (mm/yr)

All 2185 0.07 0.70 1.02 1.96

Edited10 worst 2175 0.06 0.69 0.97 1.94

Less thamtmedian 1242 0.06 0.65 1.03 2.17

(0.14 0.43 mm/yr)

Added minimum sigra NE 0.01U 0.50mm/yr

All 2185 0.07 0.89 1.00 0.99

Edited10 worst 2175 0.07 0.87 0.94 0.97

Less thamimedian 1242 0.05 0.74 0.98 0.92

(0.14 0.66mml/yr)
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Figure 10 Velocity field estimates from the combined PBO solutions generated using
time seriesanalysis and the FOGMEX error model. 95% confidence interval error

ellipses are shown. The color scheme of the vectors matches the network type legend in
Figure 4. Only velocities with horizontsfandard deviations less thamgn/yr are

shown(this valie is reduced from previous reports due the improved velocity sigmas)
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Figure 11: Same as Figure 10 except for South Western United States. Only velocities
with horizontalstandard deviations less thami/yr are shown.
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Figure 12: Same as Figure Iéxcept for Alaska. Only velocities with horizontal
standard deviains less than 5 mm/yr are shown
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Figure 13: Same as Figure 10 except for Central United States. Only velocities with
horizontal standard deviations less than 1 mm/yr are shown.
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Figure 14: Same as Figure 10 except for Western Central United States. Only velocities

s !

!

with horizontal standard deviations less than 1 mm/yr are shown. Anomalous vectors at

longitude 250are in the Yellowstone National Park and most likely are showing

volcanicprocesses.
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Figure 15 Same as Figure 10 except for the Eastern United States. Only velocities with
horizontal standard deviations less than 2 mm/yr are shdWwa.systematic velocity of

sites in theNortheastend central UShow deviations for curné GIA models in the

horizontal velocities.The large outlier is LST1 which has only a short amount of data
(less than 1 year)The vertical motions match quite well but geodetic vertical motions

are already included in tltevelopment of the models. Hwontal GIA motions will

affectthe North America Euler pole from ITRF2Q08
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Figure 16. Same as Figure 10 except for the Caribbean redimly velocities with
horizontal standard deviations less tlanm/yr are shown.

Earthquake Analyse2016/12/152017/03/15.

We use the NEIC catalog to search for earthquakes that could cause coseismic offsets at
the sites analyzed by the GAGE analysis cent&& exanined the following

earthquakes. In these output, each earthquake that might have generagedaose
displacements isumbered and the OSEQ Earthqu#keO starts the block of information
about the earthquake. The EQ MM lines, gtetionname, distance from hypocenter

(km), maximum distance that could cause coseismic offsets > 1 mm, and tf@ OCoS
(coseismic offset) value is the possible offset in the mm. The eq_def lines give the event
number, latitude, longitude, radius of influence, and dep#ventfollowed by the date

and time of the event. If an event is found to be significant, the auerber is modified

to reflect the total number of events so far included in the PBO analyses. Large events
are often given awo-charactecode to reflect their location (e.g., PA is Parkfield).
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In December, 203:8anuary 201Ave investigated the foll@ing events.
* EQDEFS for 2016 12 14 to 2017 01 15 Generated Wed Jan 18 09:16:32 EST 2017

* Proximity based on Week_All.Pos file

*

* SEQ Earthquake # 1

*EQ 13 P630_GPS 7.31 9.50 CoS 1.0 mm

*EQ 13 P631 _GPS 3.72 9.50 CoS 3.7mm

*EQ 13 P639_GPS 5.19 9.50 CoS 1.9 mm

* EQ_DEF M4.0 4km ESE of Mammoth Lakes

eq_def 01 37.6382 -118.9252 9.5 8 2016 12 14 07 45 0.0008

eqg_rename 01

eq_coseis 01 0.0010 0.0010 0 .0010 0.0008 0.0008 0.0008
*

* SEQ Earthquake # 2

*EQ 32 P203_GPS 8.28 15.80 CoS 10.4 mm

* EQ_DEF M5.0 8km NW of The Geysers
eq_def 02 38.8222 -122.8413 15.8 8 201612141642 O .0111
eq_rename 02
eq_coseis 02 0.0010 0.0010 0.0010 0.0111 0.0111 0.0111

*

* SEQ Earthquake # 3

*EQ 572 P598_GPS 4.60 9.40 CoS 2.1 mm

* EQ_DEF M3.9 16km NW of Morongo Valley
eq_def 03 34.1513 -116.7072 9.4 8 2016 1228 1757 0.0007
eq_rename 03
eq_coseis 03 0.0010 0.0010 0.0010  0.0007 0.0007 0.0007

*

* SEQ Earthquake # 4
*EQ 610 P498_GPS 8.73 9.00 CoS 0. 3 mm
*EQ 610 P499_GPS 5.54 9.00 CoS 0.8 mm
*EQ 610 WMDG_GPS 7.82 9.00 CoS 0.4 mm
* EQ_DEF M3.7 2km WSW of Brawley
eq_def 04 32.9745 -115.5483 9.0 8 2016 12 312242 0.0004
eq_rename 04
eq_coseis 04 0. 0010 0.0010 0.0010 0.0004 0.0004 0.0004
*
* SEQ Earthquake # 5
*EQ 611 P498_GPS 8.84 9.30 CoS 0.5 mm
*EQ 611 P499_GPS 5.30 9.30 CoS 1.4 mm

*EQ 611 WMDG_GPS 7.87 9.30 CoS 0.6 mm
* EQ_DEF M3.9 2km WSW of Brawley
eq_def 05 32.9750 -115.5458 9.3 8 2016 12312307 0.0006

eq_rename 05
eq_coseis 05 0.0010 0.0010 0.0010 0.0006 0.0006 0.0006
*

* SEQ Earthquake # 6

*EQ 612 P499_GPS 4.65 8.90 CoS 0.9 mm

*EQ 612 WMDG_GPS 8.20 8.90 CoS 0.3 mm

* EQ_DEF M3.6 1km WSW of Brawley
eq_def 06 32.9748 -115.5388 8.9 8 2016 12312326 0.0003
eq_rename 06
eq_coseis 06 0.0010 0.0010 0.0010  0.0003 0.0003 0.0003

*

* SEQ Earthquake # 7

*EQ 632 P133_GPS 3.12 9.10 CoS 3.3 mm

* EQ_DEF M3.8 23km NNE of Hawthorne
eq_def 07 38.7016 -118.4821 9 .1 8 201701020212 0.0005
eq_rename 07
eq_coseis 07 0.0010 0.0010 0.0010 0.0005 0.0005 0.0005

*

* SEQ Earthquake # 8
* EQ 706 CRLR_GPS 4.55 9.10 CoS 1.5 mm
*EQ DEF M3.87km SEo flLa Romana
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eq_def 08 18.3810 -68.9172 9.1 8 201701050352 0.0005
eq_rename 08
eq_coseis 08 0.0010 0.0010 0.0010 0.0005 0.0005 0.0005

Events 46 appear to be part of a swarm in the Brawley seismic zone but
strange positio changes were seen in the data.

Event 7 is likely to only effect P133 but no results have been seen from
this station since 2016 10 28.

None of the other earthquakes generated any measuratdésoac offsets.

In January/February 201fie following ezents were investigated
* EQDEFS for 2017 01 14 to 2017 02 15 Generated Thu Feb 16 11:34:35 EST 2017
* Proximity based on Week_All.Pos file
*
* SEQ Earthquake # 1
*EQ 256 P247_GPS 5.17 8.70 CoS 0.5 mm
*EQ 256 P249_GPS 7.51 8.70 CoS 0.2 mm
* EQ_DEF M3.5 24km NE of Soledad
eq_def 01 36.5887 -121.1448 8.7 8 201701230316 0.0002
eq_rename 01
eq_coseis 01 0.0010 0.0010 0.0010 0.0002 0.0002 0.0002
*

* SEQ Earthquake # 2
* EQ 500 P324_GPS 2.22 8.90 CoS 5.2 mm
* EQ_DEF M3.7 20km NE of Redway

eq_def 02 40.2385 -123.6468 8.9 8 2017020316 14 0.0004
eq_rename 02
eq_coseis 02 0.0010 0.0010 0.00 10 0.0004 0.0004 0.0004

No offset can be seen for earthquake #1. There is however curvature at P249 but not
P247. P251, P233 and P238 all see curvature (over a decade). P238 see ground water as
well.

There are gaps in the P324 time seaierind the time of earthquake #2 but not cosesimic
offset is apparent.

No measurable eseismic offsets seen.

In February/March 201, Zhe following events were investigated but none show co

seismic offsets.
* EQDEFS for 2017 02 14 to 2017 03 15 Generated Mon Mar 20 09:26:29 EDT 2017
* Proximity based on Week_All.Pos file
*
* SEQ Earthquake # 1
*EQ 72 GUAT_GPS 12.81 13.70 CoS 2.6 mm
* EQ_DEF M4.8 2km SSW of Petapa
eq_def 01 14.4810 -90.5585 13.7 8 2017 0216 1334 0.0067
eqg_rename 01
eq_coseis 01 0.0010 0.0010 0.0010  0.0067 0.0067 0.0067
*

* SEQ Earthquake # 2

*EQ 107 AV15_GPS 5.61 9.10 CoS 1.0 mm

* EQ_DEF M3.8 11km SE of Akutan
eq_def 02 54.0725 -165.6397 9.1 8 20170217 1611 0.0005
eq_rename 02
eq_coseis 02 0.0010 0.0010 0.0010 0.0005 0.0005 0.0005

*
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* SEQ Earthquake # 3

*EQ 362 P236_GPS 6.42 8 .80 CoS 0.5 mm

*EQ 362 P239_GPS 2.39 8.80 CoS 3.4 mm

*EQ 362 P240_GPS 6.14 8.80 CoS 0.5 mm

* EQ_DEF M3.6 5km S of Gilroy
eq_def 03 36.9590 -121.5757 8.8 8 2017 02 26 1459 0.0003
eq_rename 03
eq_coseis 03 0.0010 0.0010 0.0010 0.0003 0.0003 0.0003

*

* SEQ Earthquake # 4

*EQ 472 ERRG_GPS 4.06 8.80 CoS 1.2 mm

* EQ_DEF M3.6 20km SSE of Salton City
eq_def 04 33.1342 -115.8622 8.8 8 201703012019 0.0003
eq_rename 04
eq_coseis 04 0.0010 0.0010 0.0010 0.0003 0.0003 0.0003

*

* SEQ Earthquake # 5

*EQ 499 P157_GPS 8.71 9.20 CoS 0.5 mm

*EQ _DEF M3.939km S SW of Ferndale
eq_def 05 40.2905 -124.3952 9.2 8 2017 0302 2024 0.0006
eq_rename 05
eq_coseis 05 0.0010 0.0010 0.0010 0.0006 0.0006 0.0006

*

* SEQ Earthquake # 6

*EQ 669 ABVI_GPS 7.25 8.70 CoS 0.2 mm
* EQ_DEF M3.5 54km NE of Road Town
eq_def 06 18.7833 -64.2949 8.7 8 201703110053 0.0002

eq_rename 06
eq_coseis 06 0.0010 0.0010 0.0010 0.0002 0.0002 0.0002
*

* SEQ Earthquake # 7

*EQ 733 P488_GPS 4.91 8.80 CoS 0.8 mm

*EQ 733 P489_GPS 8.44 8.80 CoS 0.3 mm

* EQ_DEF M3.6 11km SW of Salton City
eq_def 07 33.2390 -116.0535 8.8 8 201703141715 0.0003
eg_rename 07
eq_coseis 07 0.0010 0.0010 0.0010 0.0003 0.0003 0.0003

*

* SEQ Earthquake # 8

*EQ 749 CRLR_GPS 3.36 8.80 CoS 1.7 mm

* EQ_DEF M3.6 5km ENE of La Romana
eq_def 08 18.4454 - 68.9284 8.8 8 2017 03151524 0.0003
eq_rename 08
eq_coseis 08 0.0010 0.0010 0.0010 0.0003 0.0003 0.0003

*

* SEQ Earthquake # 9

*EQ 755 AC66_GPS  24.40  28.50 CoS 5.6 mm

*EQ_DEF M5.6 89 km SSE of Little Sitkin Island
eq_def 09 51.2211 179.0567 28.5 8 2017 03152220 0.0519
eq_rename 09
eq_coseis 09 0.0010 0.0010 0.0010 0.0519 0.0519 0.0519

For Eq_def 06 There is no recent data at ABVI (end of data late.2015)
Estimated offset is small so unlikely to have large impact.
For Eq_def 07 There is no data since Jan 25, 2017 at P488.
Expected offset is small so probably not an issue.
For Eq_def 09 There is not date since Sep 30, 2016 at AC66.
Expected offset is small so probably not an issue. Data from this site is also very
systematic. There was an offset at 2014 06 23 due to
a M 7.9 earthquake 24km SE of Little Sitkin Island (Eq_def 32).
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No other offsets can be seen for the othehgaekes in the list.
Antenna Change Offset8016/12/0312017/02/28

The follow antenna changes were investigated and reported on in the MIT ACC monthly
reports.

Station Date From To

P464 2016 12 8 19 35 TRM29659.00 TRM59800 .80
P653 2016 12 3 0 0 TRM29659.00 TRM59800.80

TXJA 2016 12 8 16 30 TRM55971.00 TRM57971.00

CAT3 2017 13118 26 TRM29659.00 TRM59800.80

HBCO 2017 1 27 23 52 ASH701945B_ M TPSCR.G3

P493 2017 112 21 16 TRM29659.00 TRM59800.00

P722 2017 218 0 0 TRM29659.00 TRM59800.80

Analysis
P464 WLS dNEU -0.93 + 3.48, 1.02 +0.60, -5.65 + 4.40 mm,
KF dNEU -1.75 +0.31, 0.86 +0.25, -5.77 + 0.95 mm
Reasonably noisy data. North offset may be significant.
P653 WIS dNEU  1.36 +1.12,-1.18 + 2.47, -1.62 + 5.90 mm,
KF dNEU 0.71 +0.30, -2.60 + 0.30, -1.66 + 1.06 mm
East looks significant. Some noisy values after the change.
TXJAWLS dNEU -2.61 +4.16, 1.92 +3.19, -7.44 + 22.16 mm,
KF dNEU -2.87 +0.52, 0.25+0.46, 1.80 +2.32 mm
There is a large gap with the data between 2016 08 01 until 2016 12 08 being bad.
CAT3WLS dANEU 1.01+40.71,-3.02 +2.71, -1.16 + 4.00 mm,
KF dNEU 1.19 +0.39, -3.86 + 0.40, -0.29 + 1.41 mm
There is a gap in the data prior to the new antenna being installed. There was also
unknown jump back in 2010 about-8@ys before a firmware update.
HBCO WLS dNEU -0.86 + 3.47, -0.56 + 24.31,-2.75 + 11.74 mm,
KF dNEU -0.73 +0.50, 1.43+0.72,-5.95+ 1.79 mm
Large error bar estimates before antenna change. East systematics noted in data

P493 WLS dNEU 0.09-6.62, -1.67 + 0.46, -6.81 + 3.17 mm,
KF dNEU 0.36 +0.25, -1.76 + 0.23, -5.05+- 0.98 mm
Break looks quite small but a larger unknown break was seen in August 2012.
P272 WLS dNEU 0.38-.33, 1.23 +0.73, -2.37 + 4.75 mm,
KF dNEU 0.30 +0.33, 1.30+0.26, -1.88 + 1.00 mm
Offsets here are small. Thereaigap in the data between 2017/12/17 and 2017/01/28.

New offsets of unknown origimd data anomalies
We did remove two unknown offsets for P158 which turned out to be due to earthquakes
that had not been recognized that the time the offsets werd.adiles site has an offset

due to tree removal and when looking at that offset, the earlier offsets in the time series
were thought to arise from earlier trestting events.
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We did add an exclude of data for TXJA between 2016 8 1 and 2016 12 @Byohaoe t
quality dat

Added four new breaks.

RBRU RBRU_APS 2016 420 0 0! tsview break : Jump for unknown reason.
ORES ORES_APS 2015 526 0 0!tsview break : Jump for unknown reason.
CAT3 CAT3_APS 2010 4 5 0 O !tsview break : Addedah on 201-02-16
12:10:03 KF dNEU  1.19-40.39, -3.86 + 0.40, -0.29 + 1.41 mm

P493 P493 _APS 2012 828 0 0 !tsview break : Added by tah or02a%7
13:44:53 KF dNEU -0.20 + 0.21, -3.44 + 0.19, -1.36 + 0.83 mm

We did note thdollowing data anomalies in the monthly reports for this quarter.

P598 | Recent one day outliers in north seen both by NMT and CWU. (e.g. 2017
2016 12 16 ,and 2016 11 20).

CRLR | Data error bars in July 2016 and when station first started in late 2015

P464 Skewed in East

P801 | Sudden vertical drop starting 2016 12 3 (=50 mm) in 1.5 months

AV38 | Heavily skewed in N and U.

ACO09 | Large slow event centered in 2016 04 27. 40 mm in North

AC53 | Long term systematics along with other sites in the region

AB33 | Rapid drop height Jan 2, 2017

P735 | Large offset stating Jan 21,2017. Both in east and height. Smaller but pr
in North.

RKMG | Strange smooth change in east motion starting early 2017. 10 mm of offs
1 month

TXTI Curvature in North 20 m peakto-peak in 9 years.

WVCV | Change in east trend starting rR@@14. 15 mm accumulated offset to 2017.
Less pronounced in North

P249+ | Series of sites P233, P238 and P251 all show quadratic curvature over a
decade. Maybe only on the east sidéhefSan Andreas

P286 | Skewness in positions. Mostly North.

HBCO | Large systematics in East mostly (amplituléo 6 mm) over decadal period.

CIMG | Quality failing since late 2016

COVG | Strong NE annual (2 mm amplitude); Height is ~4 mm

FHOG | Maybe ocasional snow on antenna (small number of days in Jan 2017).

GRIS | CWU height estimates 106 mm below NMT

New product: Time series offset estimates from a Kalman Filter analysis
We introduce a new product with estimated offsets at the times of amiesmmnges,

equipment failures and earthquake. The header to the file describes format and caveats
associated with these estimates.
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Example KFOffsets_20170403.dat

* Kalman Filter Offset Estimates up to date 20170403

* Extracted using sh_extOffsets Date Mon Apr 3 14:20:23 EDT 2017

*

* This file is created from Kalman Filter fits to the GAGE time - series. The process
* noise values used in the Kalman filters are computed for each site as described in

* Herring et al., 2016. Offsets can be of Break type d ue to antenna change or due

* to unknown reasons or of type OffEq due an earthquake at the time. If the standard

* deviation of the offset estimates (sN, sE, sU) are large, the offset can not be

* accurately determined. In some cases this is due to there being no usable data
* prior to the offset or, in some cases, multiple offsets with no usable data between

* the offsets.

* This product is not quality checked to see if the estimated offsets remove the

* apparent discontinuities in the time series. Fo r sites with very systematic
* residuals, the estimates might not remove the discontinuities.

* The columns are

* Site : GAGE 4 - character site ID

*YYYY MM DD HR MN : Year, month, day, hour, minute of the time of the offset

*dN (mm) sN (m m) : Change in North, 1 - sigma standard deviation (mm)

*dE (mm) sE (mm) : Change in East, 1 - sigma standard deviation (mm)

*dU (mm) sU (mm) : Change in Height, 1 - sigma standard deviation (mm)
*TYPE : Either Break (equipment( or OffEq (earthquake)

*

* Herring, T. A., T. . 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, 759 - 808, doi:10.1002/2016RG000529.

*Site YYYY MM DD HRMN  dN (mm) sN (mm) dE (mm) sE (mm) dU (mm) sU (mm) TYPE
1LSU 2008 06 20 18 00 2.81 0.44 415 0.39 -9.41 1.10 Break
1LSU 201004 14 16 00 0.21 0.39 -4.03 0.37 -2.46 1.05 Break
1LSU 20140114 18 31 -0.82 0.36 0.67 0.33 3.75 0.96 Break
1INSU 2010 07 30 00 00 1.84 0.43 141 0.24 -1.32 1.14 Break
1ULM 2010 07 30 00 00 -1.43 0.22 1.97 0.23 -0.28 0.85 Break
70DM 2011 08 24 01 06 4483 0.36 36.34 0.54 -18.19 1.05 Break
70DM 2012 05 04 00 00 -0.75 0.35 0.97 0.49 -1.17 0.98 Break
70DM 2013 1107 22 23 1.67 0.33 0.76 0.47 -11.30 0.96 Break
70DM 2015 07 05 00 00 3.99 0.34 0.36 0.49 1381 O. 96 Break
70DM 1999 10 16 09 46 -0.00 0.00 -0.00 0.00 0.00 0.00 OffEq
70DM 2010 04 04 22 40 -4.08 0.39 -0.01 0.56 -8.52 1.13 OffEq
ABO1 2013 08 30 16 25 -7.49 041 -0.63 0.31 3.50 0.65 OffEq

E
ZNY1 2003 0516 00 00 -0.69 0.29 -8.65 0.26 4.49 0.94 Break
ZNY1 2007 0511 00 00 -456 0.25 553 0.23 10.71 0.76 Break
ZSE1 2003 04 19 00 00 -5.05 0.45 -14.14 031 14.55 1.23 Break
ZSE1 2007 05 17 00 00 15.15 0.39 10.87 0.26 10.64 0.93 Break
ZSE1 2001 02 28 18 55 0.65 707.11 590 707.11 -11.15 707.11 Of fEq
ZTL4 2003 05 02 00 00 0.70 0.35 -6.21 0.27 26.18 1.02 Break
ZTL4 2006 12 05 00 00 -8.90 0.31 1475 0.23 453 0.85 Break

GAMIT/GLOBK Community Support

During this quarter, our prniary effort has been to test operationally and prepare for
distribution the next release of the software (10.61), the first to offer users the opportunity
exercise our new code to handle Beidou, Galileo, and IRNSS observéktmre is still

work to be done to refine the yaw models for these satellites, but we hope to have that
done by the time the IGS determination of their orbits reaches a level for which the yaw
model will matter.

We continue to spend 10 hours per weekiiemail support of users. During the quarter,
we issued 24 royaltfree licenses to educational and research institutions.
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