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OVERVIEW

* GAGE Processing

* Characterization of results
* Earthquakes and postseismic motions

* Slow slip events
* Alaska

* Anthropogenic signals in data
 Anomalous motions
* Access to information and products

Details in: Herring et al., Plate Boundary Observatory and Related Networks: GPS Data Analysis
Methods and Geodetic Products, (2016) Rev. Geophys., 54, doi:10.1002/2016RG000529



GAGE Processing

* Time tables of results:
* Rapid solutions: latency 1 day
* Final solutions (used IGS final orbits) 2-3 weeks

]§_up lemental runs at 12 and 24 weeks to add stations missed in
inals

Reprocessing runs. Next will start soon for ITRF2014/1GS14

* Products: All available through UNAVCO http/ftp/php and
web services (soon)

Time series: North America “Fixed” and 1IGS08

Secular velocity fields (released monthly based on time series
analyses).

SINEX files: Full covariance files
Event files for earthquakes

Atmospheric delay estimates, phase RMS scatters and other quality
metrics
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Characterization of non-secular
Va rl atlo n S One method of characterizing non-

secular motions: Horizontal
position variations parameterized
as a random walk.

Plot of log of value in mm?/yr
Standard deviation over a decade:
Dark blues: 0.3 mm

Light greens: 3 mm

Browns: 4.5 mm

Pinks: 30 mm

Each sites needs careful

examination to assess nature of
signal

Statistics computed with annual
and in some cases post-seismic log
terms estimated
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Low Level of systematic noise

Red squares are 30-day averages. RMS <0.4 mm; daily RMS <0.7 mm
Even the lowest noise sites are not white noise.
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North (mm)

East (mm)

P226

High level of systematics

RMS scatters are now 2-4 mm. (Earthquake offset 2007 10 31 Mw 5.6, Event 12)
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Earthquakes included in processing

70°

Between 1996 and

now, we account for
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Denali Postseismic

Mw 7.9 Date 2002 11 3
Data below starts over 2 years after the

earthquake.
We estimate site would have been displaced

410 mm N, 140 mm E

WRMS: 1.42 mm NRMS: 5.25 #: 4657 data Rate: 0.55+- 0.13 mm/yr
\

| | |

2006 2008 2010 2012 2014 . 2016
40 WRMS: 1.25 mm NRMS: 3.68 #: 4657 data Rate: 0.38 +- 0.07 mm/yr Data AC63.pbo.final_nam08 East
I I \ \

2014 2016

2006 2008 2010 2012



Central America Postseismic

EVENT EQ21:

Mw 7.6

Location 10.1N 85.310W
Date 2012 9 5UTC 14 42

Event file generated
initially generated from
rapid solutions 3-4 days
after event.

Circle is estimated region
where coseismic
displacements up to 1 mm
may occur.

Postseismic assessment
happens months after
event based on time series
behavior and time
constant determination.

7
4/ i ‘},
‘\'*—r‘ e T — Jﬂ‘ '\L‘/ Cf\r\t:"\"\
f ve
fommmTTTTTS - ~
g~
7 g ’,), ~N N
_ p “~
.7 oINS T N
15° > N
GUAT = \ \\
_ TEG2 / \
SN{E_éE\ ’ " \\
Semea S ( \
// Y } \
/ c% -y (E, - SANO \\
/ e o \
g \
| —~— ( \
I < /vem A \l
I LMNL i
10° [t ', [
|
‘ T ™~ ey Sy
‘ N s SMRETAcRs -
\ @LCN - VLEN SN S
\\ Y oy, ON332ONG3 /4?,\ \\2‘
\ ‘\: ‘\ ; ‘
\ Q\ CHG /
= /
/
.
/ Q‘b
ISCO* ISCO it q
° /
5 | . ) -
N 7
AN - {h
S o - R
~o - /j
599 L
f | ('27.
0 500 , g
° °
265 270 275° 280°



Time series example

WRMS: 2.23 mm NRMS: 8.17 #: 2903 data Rate: 20.65+- 0.19 mm/yr Data LMNL.pbo.final_nam08 North
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Transient Events: Alaska

a)

-142°]

144 )8

12

Site names: We will look at sites on the Kenai Peninsula

GAGE Earthscope 2017
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Secular Velocities: North America “fixed”
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Kenai Peninsula: De-trended and 30 day average

North (mm) East (mm)

| | | | | | | | l | l | l
SELD., ¥
*, v ~ % one
° 5 0 0 0™ g0 %"e > T o | ¥ o 2 i
3 sy, o » s o0, 0 bl o o T = o o SR . & o, “e%0es%y i
pR ° B ° . . °, ° o
.'...-. oy BB a2 H A B LA ”_'.-”... S gl 4 X Tagers " s -t
g . o o STt R eonsse %t e -
o o b . b “ » ®, DA - : H e e 4 \J '.
- o o % P i3 (Ll
. - “s . *
o 5 ACO3| [, s AR e e
. 1 4 L
2 o . (N g, PN o 1 . 000 T ord o -
o e (X N o %o . " o L0 oioe afoge o |
e o~ ot Soratet & o e e - B
- . o B e .
. o0, Joe . d . ¢ ¥ 14 o 2
T Bl m N . S L . o ST L . i
. . ) Oy (X ~ % °ois® ¢ o ) o o
., . -, AC35' -] aeP *ot® ° e 2
2 - % d - . Lt . Fo5en i “ACO03 |~
. o o . . .o’ o o o o o N
w S . . o) - e
. o o i o . -
*, . AC35
9 - . o .'c‘ 11, o ., . ., OHE w.—
. o, e o g % o o o o CX A .
o o .. i) e ol . < o ” Lo D e, A
B KX ", - 2 . a' L ame® 0, % o e’ o’ %on, -
* ooc °w - . b
.... R O Y 6. . | o PO § A, e - .o N
. o
, . do X AC23 . -t 0.e®
.
< %oe - o o 0% o e —t L2l L
- ot oo (X L LB GOy B ACO6,,
B o ik el o Se e o ., e REPH
et . .". . o L
o e 7 7 * motecn,
o . . LS oe
BN T, : - el |44 o T AC23 '
D™ . o o oo’ @ o ooeste » I
[ WS L o i o~
e, hal%Y 20 > ° . k )
(N s, e ot v -
. o e
L X . R LB -&943:’ T 00 Teng e te’ % |
o (R X PR R . ¥ 0 PR et e o
(RO 2 - o AC43 14 B
et v
. i AC15 b _‘-'... oo et | ." S
. o
JRELSE I B e o” T+ Lol v bR SRR IS (O
oo p 1% R . .
% .,. o . ‘. = o ® z e Y LA .._:c 33 . "t o -
¥ -
e, > -, . Tk ... R 2 "..-'-" -....00". e o0
o 2 )
LA o, LY .'.-" I, ', o+ AC36 |, < AC1S
- . + -
o : - A £ e ) 2 2% ot 7 1 04s%0", 0 g ’.“.0.'-"‘ - b
o o P e F * . a8 Pt B e (et 0 o “temte 2 AC. e s
o e o o - ®o®
e - ..- . .
-y .
. 1 L
. L4 .

2004 2005 2006,2007|2008|2009 2010|2011 I2012 2013 2014 2015 2016 200452005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016]

5/18/17 GAGE Earthscope 2017 14



One event pattern: Deviation from secular trend
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Example of human induced .| Start of EGS

Nni 1 mm/yr
Reference longitude: 237.0829954400°E demo InJeCtlon D.9 mm
T T

changes in The Geysers, ‘ :
California, Geothermal injection. :
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Plate Boundary Observatory (PBO)
continuous GPS site P203

_,| North-westward ‘ .

motion relative to o= 16.62:£0.00 mmiyr
North America '

North / mm
|
Ny
o

v, =-3.11£0.21 mm/yr
Reference height: 926.69818 m WRMS =3.2 mm

Minor subsidence

Up/mm

_ |
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In collaboration with Gareth Funning, UC Riverside



Plate Boundary Observatory (PBO)
continuous GPS site P203
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UNAVCO GDS Technical News: Google Plus
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This page is meant to encourage 2-way
communications between UNAVCO staff, GAGE,
other analysis centers, and community users
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Q Search Community

About Community A

The GDS Technical News Community is now open

and membership

This page technical news pertaining to UNAVCO
Geodetic Data Services and the larger geodetic
community that interacts with UNAVCO.

Our goal is to ge 2-way com

between UNAVCO staff, GAGE, other analysis
centers, and community users. It is not meant to be
just another place to post new articles, but rather a
clearinghouse for information on a wide range of
data product topics, serving as an easy-to-access
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UNAVCO's data response to the M6.5 earthquake 160km
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e Beth Bartel Owner » Community News

UNAVCO's data response to the M7.8 Kaikoura, New Zealand

within 500 km of the epi and a fully p
borehole strainmeter data set.
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https://www.unavco.org/highlights/2016/ferndale.html

Data Event Response to the December 8,
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o Beth Bartel Owner » Community News

The low-down on UNAVCO activities at AGU next week:
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earthgq includes a full processed high-rate data set from
EarthScope Plate Boundary Observatory strainmeters. This
page also includes links to community products including
rapid GPS displacements and high-rate time series.
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Data Event Response to the 13 November
2016 M7.8 Kaikoura, New Zealand...
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Q Christine Puskas Owner » Stations
ORES: Trees in Southern California

ORES was originally installed in 1999 as part of the Southern
California Integrated GPS Net (SCIGN), at the Olga Reed
Elementary School in Los Alamos, California (Figure 1). The
station was transferred to UNAVCO as part of the Nucleus
sub rk of the Plate Boundary Observatory (PBO). At
this time the station was upgraded to PBO standards, with a
new receiver and cellular communications equipment  «se
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Ground water: Poroelastic P271

Depth to Water Level (feet)

North (mm)
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AB36

North (mm)
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Red line is temperature at

Manly Hot Springs
Plot below shows

Airport.

“square

wave” structure possibly
related to freeze-thaw cycles.
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ANA1l (ANA1 SCGN_CS2002) NAMOS8

Processed Daily Position Time Series - Cleaned (Outliers Removed) & Detrended

o, vel =32.99mmfyr ¢ =0.3lmmfyr
. : | : 25 -
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Summary

* All of the GAGE processing results are available on-line and
suggestions for updates are welcome.

* Access is through www.unavco.org under Instrumentation
and Data tabs. FTP access is through ftp://data-
out.unavco.org/pub/products/

* There are a wide variety of signals and noise in the GAGE
analysis products with new insights being gained all the
time.

* Methods have been fully discussed in Herring et al., Plate
Boundary Observatory and Related Networks: GPS Data
Analysis Methods and Geodetic Products, (2016) Rev.
Geophys., 54, doi:10.1002/2016RG000529


ftp://data-out.unavco.org/pub/products/

