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Studies active crustal
deformation in the Basin
and Range, western Unitead
States

A long way from
Johannesburg, SA

Works at the
Nevada Geodetic Laboratory
at the University of Nevada, Reno

Operates a Geodetic Network: MAGNET

Lives in the Sierra
Nevada Mountains
near Lake Tahoe

Where it is deep winter!
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Agenda For Today

- Introduction of the Plug n Play team and the Instructor (2 minutes)

- Introduction of Plug and Play: Philosophy and Scope (5-10 minutes).
* Plug and Play Data Products (30 minutes)

- Plug and Play - How to Participate (10 minutes)

- Case Study and Exercise (15 minutes)

- Time for Informal Interactions: Instructor and Operators (15 minutes)

« Done in time for the Field Trip!



Plug and Play Course Materials

ftp://gneiss.nbmg.unr.edu/PlugNPlay/ShortCourseAfricaArraydJan2016

Includes:
Agenda
1 Page Handout with description and link to signup form
Short Course slides (.pdf of this presentation)
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Plug and Play: Introduction of Scope and Philosophy

* Why are we doing this?

- Provide FREE GPS data processing service that minimizes effort
on part of network operators who contribute data

- Reduces barriers to maximize scientific impact of GPS networks
- Promotes of data sharing for science and society
- Maximize discovery of data for scientific applications

- Consistent with goals of AfricaArray “.. an innovative programme to
promote, strengthen and maintain a workforce of highly trained
African geoscientists and researchers for Africa.”

* Who is involved? The PnP Team players:
- UNAVCO, UNR

* plus beta testers and unfunded collaborators, e.g. USGS, JPL, ...
and you!

- Who is funding the project?
» Collaborative NASA ACCESS program project UNAVCO and UNR

» History of scientific, processing, and data products development at
these institutions.



Plug and Play: Introduction of Scope and Philosophy

* What is the arrangement?
* Network operators contribute data to UNAVCO or UNR directly

* UNR picks up data, processes with GIPSY and generates data
products (e.g. time series results files, plots, maps, velocity
fields, quality control products, etc.)

- Data products are placed on open access data products
services, e.g. web pages, GSAC services. Open access.

- Reduces barriers to setting up or expanding networks.

* This is a rollout of the service

» Many of the individual ‘services’ have been available for some
time in the form of research projects.

* Much of this is in beta mode... feedback is welcome.
* New products available (more later.)

* Plug and Play for AfricaArray

* If your network’s data is already going to UNAVCO, you may
already be getting benefits of the service. See map ...



Map of Stations In Africa Processed by NGL

see http://geodesy.unr.edu/NGLStationPages/GPSNetMap.html
to check for individual stations
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Map of Stations In Africa Processed by NGL

see http://geodesy.unr.edu/NGLStationPages/GPSNetMap.html
to check for individual stations

- Global zoomable Google
map (Africa shown here)

- Shows all stations processed
by NGL (presently >14000)

- Clickable icons provide
detail about station data
products and resources

- Updated every day

» |s your network here?

- It could be.

- You would have access to all
data products (discussed in
next section) ~ SE———
- Incentive to help increase st o e e e e e s DSOS
number of stations in Africa
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Plug and Play GPS for Earth Scientists:
Providing Immediate Access to Low-Latency

Geodetic Products for Rapid Modeling and Analysis of Natural Hazards

Plug and Play GPS project Goal: The plug and play
concept promotes open accessibility to the
scientific potential of GPS by working on the
beginning and end of the GPS data processing
line.

Objective 1. The system will remove barriers and
extend our GPS processing system to facilitate
connections to new or undiscovered GPS
observations around the globe.

Objective 2. Processing outputs will include openly
available daily and sub-daily position time series,

time-dependent site velocities and derived strain.

Data providers and other end users will have low-
latency access to essential data products
following the establishment of data streams.

Objective 3. Educate partners and new users in
the scientific community on the goals and

objectives of this project and how to participate.

We will solicit their feedback on how to improve
the utility of the system.
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Plug and Play: Future Plug n Play Events

- May 2014, NASA Awards Project

- 2015 presentation of service and available data products at workshops,
conferences e.g. EarthScope, Fall AGU in San Francisco.

- AfricaArray, January 18-20, 2016
* Rollout
- New data products
» First short course
« UNAVCO Science workshop, Boulder, CO March 28-31
 Plug and Play highlighted in science sessions
* Less-Short course in Boulder, May 27, 2016
* Full day workshop at UNAVCO facility
- More extensive explanation of available tools, data resources
- More information available soon at http://unavco.org



Questions?

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Processed GPS Time Series

* A few processing details

» Scope of processing

* Number of stations

» Available formats of processed time series
- Available figures

* Available reference frames

* Avalilable sample rates and latencies

* How to access and search the products

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Where to Find Things: http://geodesy.unr.edu

o0e® < > O geodesy.unr.edu ¢ ) li

Home People Contact Aboutus Links Vacancies Site Map News Archive Acknowledgements

Current Research
Groat Basin Strain Latest News
Basin and Range Dynamics
Aquifer De slon FTP Access to GPS Data Products
Geothermal Energy [December 14, 2015] New Steps Database Product Avallable! GPS Data Processing Strategy
Global Tectonics We have released an online database of potential step discontinuities in GPS time series. Information MAGNET GPS network
Reference Frames from IGS site logs is used to generate lists of equipment discontinuities. Earthquake data from the Guide to OA Filss
Global Strain Rate Map USGS is used to mark times of possible earthquake-related steps down to magnitude 5.0. Hyperinked Y
toxt tables are now at the bottom of every station page. A master list can be accessed here and a Publicat)
::""‘ Mountsin GPS README file is here. lons
L MIDAS Velocity Fields
People
Gooff Blowi In NA12 Rederence Frame
Hans-Peter Plag [October, 2015) A wave of new papers published by the Nevada Geodetic Lab! In 1GS08 Reference Frame
Bdl Hammond A new set of peer-reviewed publications with authors from NGL have recently become avallable: MIDAS README
Comé Kreemer
Eliot Kiein « Donnellan, A., L. Grant Ludwig, J.W. Parker, J. B. Rundle, J. Wang, M. Pierce, G. Blewitt, and S. Browse Lists of Stations
Brol Pecorso Hensley, 2015, Potential for a large earthquake near Los Angeles inferred from the 2014 La
Habra earthquake, Earth and Space Science, 2, doi:10.1002/2015EA000113, (PDF) All Stations Processed
Jayne Bormann
Jay Goldfarb « Bird, P, D.D. Jackson, Y.Y. Kagan, C. Kreemer, and R.S. Stein, 2015. GEAR1: A Global Stations with rapid 5 minute sample rate
Yang Zhang Earthquake Activity Rate model constructed from geodetic strain rates and smoothed soluions (istency 24 hours)
seismicity. Bulletin of the Seismological Society of America, 108, 2538-2554, (PDF) T —
Opportunties rate solutions (tency 1.5 hours)
Students * Keiding, M., C. Kreemer, C.D. Lindholm, S. Gradmann, O. Olesen and H.P. Kierulf, 2015. A ) )
Posidocs comparison of strain rates and selsmicity for Fennoscandia: depth dependency of Above lists have inks 1o station pages.
deformation from glacial isostatic adjustment Geophysical Journal Infernational, 202, 1021-
1028, (PDF) Downloadable Lists of GPS Data
Holdings:

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa




Where to Find Things: https://www.unavco.org
https://www.unavco.org/projects/other-projects/plug-and-play-gps/plug-and-play-gps.html

< > @ hetos:/www.unaveo orgiprojectsjother-projects/plug-and-play-gps/plug

« These are the main home » projecs » oher projects » phug and play gps
pOI”[a|S Projects Plug & Play GPS

* Help with Projects
° S eve ral S e a rC h - Other Projects Plug & Play GPS is a NASA ROSES ACCESS funded project 1o provide no-cost services for generating high predision GPS position

. EarthScope timesaries products from continuously operating GPS/GNSS stations from around the globe

O ptl O n S for p ro d U CtS ' :M":";c g:z Access to the benefits of having high precision, low-latency postion time sedies from global GPS networks is currently imited by the
* gh-rale O

need to have advanced expertise and systems for data acquisition and processing. We are taking steps %o remove these bamers by

: * Teae developing a GPS data analysis system capable of processing all openly avallable data from over 13,500 continuously cperating
a re aval I a b | e * ONEX stations from around the globe. This rigorous and automated system will provide processing free of charge and will greatly sase
* Dalaworis for GNSS access 10 GPS position time sevies thal can be usad for rapid modeling and analysis of natural hazards from earthquakes, 1sunamis,
L I\/l O re | ate r + Pug & Play GP§ voicanoes, hydrologic changes, and other applications. It is emvisioned that availability of this unique resource will encourage open

+ COOPEUS
+ EarthCube
* NLAS
+ SSARA Daily and 5-minute position time series and quality control products, with latency between 2 hours and 1 day, will be provided. GNSS
* Supersies Intatives data submitied to the UNAVCO archive undergoes data ingestion, access, formatting and cataloging of accurate metadata including
* WinSAR proper source attribution. the Nevada Geodetic Laboratory at the University of Nevada, Reno, (UNR) wil pick up howrly andior dally
data files from the UNAVCO archive and process the data using products provided by the Jet Propulsion Laboratory (JPL), induding
ultra-rapid GPS orbits and dock parameters, and JPL's GIPSY OASIS || software. The processed time saries are presanted in global
(IGS08) and North America (NA12) referanca frames and post-processed station quality control factors, are cataloged in a Geodetic
m_ Seamiess Archive Centers (GSAC) database that is searchable and accessible via web browsers or via newly developed simple
RESTul web services. To ensure utlity of the products, AfricaArray, USGS, and JPL collaborators are included in the testing and
evaluation and short courses will provide training on how 1o provide data 1o the system and utilize products.

sharing of data and products and enable building sclentific capacity in arcas that are currently sparsely sampled with GPS such as
Africa.

« Nevada Geodetic
Laboratory

As pan of the Plug & Play project, UNAVCO will accept GPS data from contributors who desine processing by the University of Nevada
system, Contributed data and derived timeseres products will be publically avallable following the UNAYCO Data Policy. UNAVCO
service includes archiving and generation of data and product Digital Object identiiers (DOIs)

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Precise Point Positioning
Use JPL products (e.g. orbits,
clock corrections)

Description of all models
documented under “GPS
Data Processing Strategy”

e.

Processing

e0e < > @M

-
»

IPSY/OASIS software

Current Research

Great Basin Strain

Basin and Range Dynamics
Aquifer Deformation
Geothermal Energy

Global Tectonics

Reference Frames

Global Strain Rate Map
Yucca Mountain GPS
Publications

People

Gooff Blewitt
Hans-Peter Plag
Bl Hammond
Comé Kreemer
Elliot Klein

Bret Pecoraro
Jayne Bormann
Jay Goldfarb
Yang Zhang
Opportunties
Students
Postdocs

g.:
estimated parameters
Earth orientation
troposphere model
jonosphere model
Earth tide

Ocean tidal loading
antenna corrections
solar radiation
ambiguities, etc.

Home People Contact Aboutus Links Vacancies Site Map News Archive = Acknowledgements

geodesy.unr.edu
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Latest News

[December 14, 2015) New Steps Database Product Avallable!

We have released an online database of potential step discontinuities in GPS time series. Information
from IGS site logs is used to generate lists of equipment discontinuities. Earthquake data from the
USGS is used to mark times of possible earthquake-related steps down to magnitude 5.0. Hyperlinked
text tables are now at the bottomn of every station page. A master list can be accessed here and a
README file is here.

[October, 2015) A wave of new papers published by the Nevada Geodetic Lab!
A new set of peer-reviewed publications with authors from NGL have recently become avallable:

= Donnellan, A, L. Grant Ludwig, J.W. Parker, J. B. Rundle, J. Wang, M. Pierce, G, Blewitt, and S,

Hensley, 2015, Potential for a large earthquake near Los Angeles inferred from the 2014 La
Habra earthquake, Eavth and Space Science, 2, doi:10.1002/2015EA000113. (PDF)

* Bird, P, D.D. Jackson, Y.Y. Kagan, C. Kreemer, and R.S. Stein, 2015. GEAR1: A Global

Earthquake Activity Rate model constructed from geodetic strain rates and smoothed
seismicity. Bulletin of the Seismological Society of America, 105, 2538-2554, (PDF)

* Keiding, M., C. Kreemer, C.D. Lindholm, S. Gradmann, O. Olesen and H.P. Kierulf, 2015. A

comparison of strain rates and seismicity for Fennoscandia: depth dependency of
deformation from glacial isostatic adjustment Geophysical Journal Infernational, 202, 1021-
1028, (POF)

http://geodesy.unr.edu

Data Products
Map Browse GPS Stations

GPS Data Processing Strategy
MAGNET GPS network

Publications

MIDAS Velocity Flelds

In NA12 Reference Frame
In 1IGS08 Reference Frame
MIDAS README

Browse Lists of Stations

All Stations Processed

Stations with rapid 5§ minute sample rate
solutions (latency 24 hours)

Stations with ultra rapid 5 minute sample
rate solutions (atency 1.5 hours)

Above Nsts have Anks 10 stabion pages.

Downloadable Lists of GPS Data
Holdings:

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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| atencies

Processing performed using
JPL orbits:
Final (1-2 weeks)
Rapid (24 hours)
Ultrarapid (1-2 hours)

More rapid are least accurate
- We need access to hourly
RINEX to get Ultrarapiad

latency
A (Schematic Approximation)
— m @ sub-daily
o : @ daily IGS08
D 1dm V @ daily NA12
o /// J
[
a 1cm \%
=2 5 mlnute I
3 (R latency ‘ ‘
»
R/IT Ultra Rapid Final
0.0001d 0.1d 1day 10d

Log Latency

Data % of Data Position | Position Position Solution | Position
Flow GSAC Sample | Solution | Solution Precision Solution
Stations Rate Latency Providers
available Sample
Rate
Daily 95% 15 Once/day | Rapid 1-2 H: 1.5 mm UNR (All stations
File second Days proposed)
Down- V: 5 mm
load PBO Analysis
Final 1-2 H: 1.5 mm Centers (only
weeks ~1,100 PBO
V:5 mm stations);
Individual
investigators or
agencies;
Hourly 20% 15 Once/5 Ultrarapid | PPP:10 mm UNR (Proposed)
File second minutes 1-2 hours; (g_lobal)
Down- Rapid 1
load day
Streams | 15% 1 Once/sec | 1second RTK Short Baseline | PBO, NGS (both
second | ond (<10km) <1cm in development);
JPL GDGPS
RTK Long Baseline (~100 stations);
(10km-300km) 1- limited number
50cm of other groups
PPP Kinematic
(global) 5-10 cm

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Number of Stations
as of 1/10/2015

24 Hour Finals
14112 stations in 1GS08
65069 stations in NA12

24 Hour Rapids
10253 stations in FID
5193 stations in NA12

5 Minute Rapids
5,050,019 kenv station-day files

5 Minute UltraRapids
1,799,694 kenv station-day files

lllllllllllllllllllll

14000 -

Unique stations
“Daily” files in archive

12000 —

10000 —

# stations

Year

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Station Pages

One page for each station
Links to time series in text format
Machine readable via http (e.g.
curl, wget). Write your own scripts.
Google map shows location
Time series in east, north, up and
X,y,z format with “readme” text files
that describe formats
Links to QA files
Scroll down for
- Time series plotsine, n, u
- Separate tabs for different

- reference frames

- latencies
Link to station operator attributes
from RINEX headers

geodesy.unr.edy

Home Browse Global Station List Browse Rapid Station List Browse Ulira Rapid Station List = Map Browse = Acknowledgaments

Station ID : P090

Station operator information:
from RINEX headers

Data processed by:
Geoffrey Blewitt, Nevada Geodetic Lab,

Time Series Data
(ascii text)

24 Hour Final Solutions

IGS08 env xXyz
NA12 env xyz
24 Hour Rapid Solutions
FID (~IGS08) env
NA12 env
env readme Xyz readme
QA files ftp link
Rapid 5 Minute Solutions

Available Next Day
(8-32 hr. latency)

env ftp link

Ultra Rapid 5 Minute Solutions
Available Next Hour

1.7 he labansu)

Latitude: 39,573
Longitude: -119.800
Height: 1503,649 meters

TEanTy UwueYH
i

| IIRENSE0IW
View larger map

Hudden Vaney
2016 Cooge - Map Data  Terms of Use  Report a map errer

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa

UNAVCO ,




Station Pages

One page for each station
Links to time series in text format
Machine readable via http (e.g.
curl, wget). Write your own scripts.
Google map shows location
Time series in east, north, up and
X,y,z format with “readme” text files
that describe formats
Links to QA files
Scroll down for
- Time series plotsine, n, u
- Separate tabs for different

- reference frames

- latencies
Link to station operator attributes
from RINEX headers

geodesy.unr.edy

Home Browse Global Station List Browse Rapid Station List Browse Ulira Rapid Station List = Map Browse = Acknowledgaments

Station ID : P090

Station operator information:
from RINEX headers

Data processed by:
. Canfirau Rlewitt, Nevada Geodetic Lab,

ClICK! {rms sers ows

| Wﬂml Solutions
IGS08 \*env xyz
NA12 lenv  [xyz
24 Hour Rapid Solutions
FID (~IGS08) env
NA12 env
env readme Xyz readme
QA files ftp link
Rapid 5 Minute Solutions

Available Next Day
(8-32 hr. latency)

env ftp link

Ultra Rapid 5 Minute Solutions
Available Next Hour

1.7 he labansu)

Latitude: 39.573
Longitude: -119.800
Height: 1503,649 meters

TEanTy UwueYH
i

| 39'3422.8'N119°4800.0W 8 Signin
[] View larger map Spfngs
' @‘l
.
s“‘k“\
+ N

Hudden Vaney
2016 Cooge - Map Data  Terms of Use  Report a map errer
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Station Pages

One page for each station
Links to time series in text format
Machine readable via http (e.g.
curl, wget). Write your own scripts.
Google map shows location
Time series in east, north, up and
X,y,z format with “readme” text files
that describe formats
Links to QA files
Scroll down for
- Time series plotsine, n, u
« Separate tabs for different

- reference frames

- latencies

¢ = geodesy.unr.edu
site YOMDO yyyy.yyyy __MNJD week d reflon _e0(m) _ east(m) n0(=)
sig_e(m) sig_n(m) sig_u(m) __corr_em __ COIrr_eu __ COrr_nu
P090 O7NOV1O 2007.8576 54414 1452 7 -119.8 12 0.884938 4382097
0,.000480 0.000602 0.001807 0.013978 -0.052295 -0.165112
P090 O07NOV11 2007.8604 54415 1453 1 -119.8 12 0.888054 4382097
0.000477 0.000602 0.001790 0.008858 ~0.042988 -0.142836
PO90 O7NOV12Z 2007.8631 54416 1453 2 -119.8 12 0.887598 4382097
0.000477 0.000604 0.001809 0.005412 ~0.043056 -0.169644
PO90 O7TNOV13 2007.8658 54417 1453 3 ~119.8 12 0.885870 4382097
0.000479 0.000599 0.001801 0.011046 -0.047243 -0.157011
P090 O7NOV14 2007.8686 54418 1453 4 -119.8 12 0.886035 4382097
0.000476 0.000598 0.001785 0.016225 -0.056133 -0.143679
PO90 O7NOV1S 2007.8713 54419 1453 5 -119.8 12 0.887127 4382097
0.000476 0.000597 0.001778 0.007844 -0.033799 -0.158605
PO90 O7TNOV16 2007.8741 54420 1453 6 -119.8 12 0.886203 4382097
0.000477 0.000599 0.001797 0.026682 -0.056293 -0.152377
PO90 O7NOV1T7 2007.8768 54421 1453 7 ~119.8 12 0.890428 4382097
0.000479 0.000601 0.001806 0.011448 -0.047231 -0.154298
PO90 O7NOV1S8 2007.8795 54422 1454 1 -119.8 12 0.888664 4382097
0.000476 0.000599 0.001785 0.018948 ~0.055773 ~0.143269
PO90 Q7NOV19 2007.8823 54423 1454 2 -119.8 12 0.882140 4382097
0.000478 0.000597 0.001786 0.008736 ~0.055399 -0.156400
PO90 O7TNOV20 2007.8850 54424 1454 3 -119.8 12 0.887594 4382097
0.000482 0.000600 0.001802 0.015633 -0.023499 -0.164566
PO90 O07NOV21 2007.8877 54425 1454 4 -119.8 12 0.887623 4382097
0.000479 0.000598 0.001784 0.014164 -0.030924 -0.160704
PO90 O07NOV22 2007.8905 54426 1454 5 -119.8 12 0.886966 4382097
0.000479 0.000601 0.001796 0.003884 -0.032913 -0.142493
PO90 O7NOV23 2007.8932 54427 1454 6 -119.8 12 0.887948 4382097
0.000488 0.000608 0.001826 -0.008442 ~0.035085 -0.132720
PO90 O7TNOV24 2007.8960 54428 1454 7 ~119.8 12 0.887014 4382097
0.000487 0.000603 0.001815 -0.004757 -0.050589 -0.130622
PO90 O07NOV2S 2007.8987 54429 1455 1 -119.8 12 0.884326 4382097
0.000481 0.000593 0.001783 0.020638 ~0.053684 -0.160143
PO90 O7NOV26 2007.9014 54430 1455 2 -119.8 12 0.885591 4382097
0.000484 0.000603 0.001823 0.012898 -0.048825 -0.159544
PO90 OTNOV27 2007.9042 54431 1455 3 ~119.8 12 0.886508 4382097
0.000485 0.000603 0.001812 0.002682 -0.039897 -0.143586
PO90 O07NOV28 2007.9069 54432 1455 4 -119.8 12 0.885882 4382097
0.000483 0.000602 0.001807 0.006177 -0.032891 -0.166836
PO90 O7NOV29 2007.9097 54433 1455 5 -119.8 12 0.885470 4382097
0.000479 0.000601 0.001782 0.008370 -0.043258 -0.146243
PO90 O7NOV3IO0 2007.9124 54434 1455 6 -119.8 12 0.885322 4382097
0.000485 0.000601 0.001817 0.025057 ~0.074883 -0.147767
P090 O7DECO1 2007.9151 54435 1455 7 ~119.8 12 0.88449%95 4382097
0.000482 0.000599 0.001809 0.018826 -0.056683 -0.160752
P090 O7DECO2 2007.9179 54436 1456 1 -119.8 12 0.8B6850 4382097
0.000484 0.000606 0.001824 0.025720 ~0.046976 ~0.175046
PO90 O7DECO3 2007.9206 54437 1456 2 -119.8 12 0.885727 4382097
0.000482 0.000613 0.001830 -0.009549 ~0.0398%92 -0.155251
P090 O7DECO4 2007.9233 54438 1456 3 -119.8 12 0.887167 4382097
0.000483 0.000608 0.001820 0.001620 -0.035896 -0.147609
P090 O7DECOS 2007.9261 54439 1456 4 -119.8 12 0.886050 4382097
0.000482 0.000601 0.001793 0.002020 -0.047098 -0.145232
PO90 O7DECO6 2007.9288 54440 1456 5 -119.8 12 0.886311 4382097

-~
C,

_north(m)
0.181664
0.183439
0.180896
0.181491
0.183396
0.182818
0.180841
0.179%823
0.181148
0.187053
0.181571
0.182016
0.180738
0.180791
0.183666
0.182993
0.182899
0.181938
0.182294
0.182218
0.182828
0.182954
0.180146
0.179291
0.179312
0.181449

0.184532

uwd(=m)
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503
1503

1503

—p (@)
0.658770
0.646588
0.649893
0.655146
0.652920
0.650555
0.654308
0.653142
0.650954
0.635585
0.645901
0.645429
0.643952
0.645871
0.652446
0.647561
0.649698
0.647079
0.645311
0.648000
0.643178
0.640113
0.651966
0.660595
0.660219
0.650758

0.655698

_ant(m)
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083
0.0083

0.0083
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Station Pages

One page for each station
Links to time series in text format
Machine readable via http (e.g.
curl, wget). Write your own scripts.
Google map shows location
Time series in east, north, up and
X,y,z format with “readme” text files
that describe formats
Links to QA files
Scroll down for
- Time series plotsine, n, u
« Separate tabs for different

- reference frames

- latencies

env | fip link

Ultra Rapid 5 Minute Solutions
Available Next Hour
(1-2 hr. latency)

env | ftp link

Station Plots
Explanation of Plots

geodesy.unr.edu

IGS08 || IGS08 Cleaned .m | NA12 Cleaned I Rapid 5 min. || Ultra Rapid 5 min ]

POGO
24 How Positions Using Final Obits (Blue)
Using Rapid Ot s (Magerta)
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Station Pages

One page for each station
Links to time series in text format
Machine readable via http (e.g.
curl, wget). Write your own scripts.
Google map shows location
Time series in east, north, up and
X,y,z format with “readme” text files
that describe formats
Links to QA files
Scroll down for
- Time series plotsine, n, u
« Separate tabs for different

- reference frames

- latencies

env

| ftp link

Ultra Rapid 5 Minute Solutions

Available Next Hour
(1-2 hr. latency)

env

| [t

Station Plots
Explanation of Plots

geodesy.unr.edu
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Station Pages

One page for each station
Links to time series in text format
Machine readable via http (e.g.
curl, wget). Write your own scripts.
Google map shows location
Time series in east, north, up and
X,y,z format with “readme” text files
that describe formats
Links to QA files
Scroll down for
- Time series plotsine, n, u
« Separate tabs for different

- reference frames

- latencies

env | fip link

Ultra Rapid 5 Minute Solutions
Available Next Hour
(1-2 hr. latency)

env | fip link

Station Plots
Explanation of Plots

geodesy.unr.edu

IGS08 Cleaned ][NA12][NA12 Cieaned ][ Rapid 5 min. |[Ultra Rapid 5 min]

Five Minute Positions Using Rapid Orbite
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Station Pages

- One page for each station
 Links to time series in text format
- Machine readable via http (e.g.
curl, wget). Write your own scripts.
« Google map shows location
- Time series in east, north, up and
X,y,z format with “readme” text files
that describe formats
- Links to QA files
- Scroll down for
- Time series plotsine, n, u
« Separate tabs for different
- reference frames
- latencies

- Useful when earthquakes occur

geodesy.unr.edu

env

| fip link

Ultra Rapid 5 Minute Solutions
Available Next Hour
(1-2 hr. latency)

env

| fip link

Station Plots
Explanation of Plots

IGS08 Cleaned ][NA12][NA12 Cieaned ][ Rapid 5 min. |[Ultra Rapid 5 min]

POB0

Five Minute Positions Using Rapid Orbite
L T L} T L

12 18 00 g 12 18 00 0o 2




Altamimi, Z., X. Collilieux, L. Métivier,
2011, ITRF2008: an improved solution
of the international terrestrial reference
frame, J. Geodesy, DOl 10.1007/
s00190-011-0444-4.

Reference Frames

- Currently two frames offered:

- 1GS08, GPS version of ITRFO8
- NA12 a North America Fixed

- Plate-specific frames have plate

rotation and common mode
signal (on plate scale) removed

- Less scatter in time series

compared to IGS08.

« Plans in works for custom

frames for
-« Africa
- South America
- Eurasia
- Pacific
- etc.

Blewitt, G., C. Kreemer, W.C. Hammond and
J. Goldfarb (2013). Terrestrial reference
frame NA12 for crustal deformation studies
in North America, Journal of Geodynamics,
72, pp. 11-24, ISSN 0264-3707
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Searching for What You Want

Options:

Map Search - using the Google map
Station Lists - text search
Online Data Holdings - machine readable files
GSAC online query tools

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Map Search

(good if you know geographic
location but not station names)

* Hover cursor to see name of
station before clicking

- zoom, pan, the usual way

- click to get station page

L4 geodesy.unr.edu

MAGNET + Other GPS Networks Map
B MAGNET GPS Network

Click on Site for more information. B A% Other GPS Stations

N
. LW
.'::{r:i 3
P ¥
b ¥
.‘0 »

.

Aj‘g‘

4 Humbedd
 State Wil
. Mo

Area

Falof!nhm

(29 sen vn!




Text Search by

Station Name

(good if you know what station
you are looking for)

Step 1, choose what latency
you want (final, rapid, ultra
rapid)

Step 2, click on link

Step 3, get list .

Step 4, use find function in
browser to go right to station

e  Browse Global Station List = Brow

Statio

perator information:

from RINEX headers

Data processed by:
Geoffrey Blewitt, Nevada Geodetic Lab.

Time Series Data
(ascii text)

| 24 Hour Final Solutions

geodesy.unr.edu v ' :

Rapid Station List Browse Ultra Rapid Station List = Map Browse = Acknowledgements

Latitude: 39.573
Longitude: -119.800
Height: 1503.649 meters

Vanucy "ot
siom

39°3422.8'N 119°4800.0W & -

n View larger map

e
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Text Search by

Station Name
(good if you know what station

you are looking for)

Step 1, choose what latency
you want (final, rapid, ultra
rapid)

Step 2, click on link

Step 3, get list .

Step 4, use find function in
browser to go right to station

List of All GPS Stations Processed by NGL

geodesy.unr.edu

Home Browse Global Station List Browse Rapid Station List Browse Ultra Rapid Station List Map Browse = Acknowledgements

OONA  O0INA 02NA 1LSU INSU 1SAL 1ULM 20NA 21NA  25MA
299C 2TRY 3ARO 3CAN 3RIV 3Rv2 4ACA 4CDA 4CO0O 4CRN
4CRY 4GLD 4GRM 4GWI 4HLN 4HVB 4JON 4MBH 4MCO 4MCK
4MCY 4VIR 4WCK 4YAT S59WE 5LIT SMEN 5PTS S5YOR T70AK
70DM B8KUK  A351 A368 A770 AA03 AA09 AACH AACR AARS
AASI AAUC ABO1 AB02 ABO4 ABO6 ABO7 ABO8 ABO9  AB11
AB12 AB13 AB14 AB15 AB17 AB18 AB21 AB22 AB25 AB27
AB28 AB33 AB35 AB36 AB37 AB39 AB41 AB42 AB43  AB44
AB45 AB46 AB48 AB49 ABS0 AB51 AB53 ABAN ABAR ABBZ
ABCC ABD0O ABE1 ABED ABEP ABER ABGS ABIU ABL1 ABMF
ABMS ABOO ABPD ABPO ABPW ABQ1 ABQ2 ABQ5 ABQ6 ABRA
ABRK ABRN ABUZ ABVI ABYW AC02 AC03 AC06 ACO7 ACO08
AC0O9 AC10 AC11 AC12 AC13 AC14 ACI5 AC16 AC17 AC18
AC19 AC20 AC21 AC23 AC24 AC25 AC26 AC27 AC28 AC29
AC30 AC31 AC32 AC33 AC34 AC35 AC36 AC37 AC38 AC39
AC40  AC41 AC42 AC43 AC44 AC45 AC46 AC47  AC48  ACSO
Y .Yal | ACED ACED ACEE ACET ACED ACEQ ACED ACE8d ACED
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Online Data Holdings Files

Area

Text files, updated daily

Provide:

- lists of stations we have

- time span of data available

« number of solutions

* name translations if needed
Separate files for

- final 24 hour solutions

 rapid 24 hour solutions

- rapid 5 minute solutions

- ultrarapid 5 minute solutions
Why use these?

Good for users with intermediate
programming skills (e.g. good with
greps and awks)

Follow the links from our Data Products

[December 14, 2015) New Steps Database Product Avalabie!

We have released an oniine database of potential s9ep daconinuties n GPS Sme seres. iormation
m&ww-mbmmdmlm Carhquaics data om the
USGS ' used %0 mark Smes of possibie aarthquak stops down 1o magnitude 50
Hyparinkad et tables are mow ot the SoRom of every station page. A master Bst can be accessed
here and 3 README %e s here

[Octobar, 2015] A wave of new papers pubished by the Nevada Geodetic Lab!
A rew sot of peerreviewed pubiications with authors from NGL have recently become avalable

o Donnelan, A LWLMJWPWJBWJMMMGMNS
Honsley, 2015, Potential for a large sarthquake near Los Angeles inferred from the 2014 La
Habva sarthquake, Eam and Space Scence, 2, 0010 002201 SEAQOD143. (FDF)

o Bird, P.DD. Jackson YY Kagan C Kreemer, and RS Sieln, 2015 GEAR1Y: A Global
Earthquake Activity Rate model constructed from geadetic strain rates and smoothed
selsmicity. Bufletin of e Sevsmologice’ Sociedy of Amence, 108, 2538.-25564. (PDF)

o Kaldng M, CMCOLW&SWOMNNPWZOHA
da: depth &

comparison of strain rates and

deformation from ¢ Iscatatic ad) mem w-

o Aster, R M. Simora, R Busgmana, N. Gomez, W.C. Hammond, 8. Holtrook, E. Chacssand, L

Swaras, G. Egbent, J. Hole, T. Lay, S. McNum, M. Osiin, B. Schwnandt, D. Schwnict, J. Vicwie, L

Wagner, P Wirterry, 2015, Future gecphysical facilities required to address grand
Schence

challenges In e Earth sclences, A Community report to the National
woF)

« Bewr 2015, OPS and space-based methads, in Trestise n Geophysics, 02, G

geodetic
Schuben, 307333, Elsevier,05 10.1018/B078.0-444.53802-4. 000809, (PDF)

o Dows 2015, Te al frame requ.ir tudies of go

climate change. mmdmsm 18,
@0k 10.9007/1345_2015_142. (POF)

o Brd P and C Kosemer, 2015 Revised tectonic forecast of global shaliow selsmicity b
on version 2.1 of the Global Strain Rate Map. Sudetn of the Seamologice’ Socety of

103, 1523-168. (POF)

o Meiga D J Geng, BW. Crowel, J S Hasse, W.C. Harmmeond, Y. Bock, RM. Allen, 2015,
of the 2014 Mwd. 1 Napa, California, Earthquake: Rapid response and
Resoerch .

modeling of fast rupture on a digping strike-slip fault. Joune of Geophysical
Sobd Esrth, 120, 804 10.10292015)8011921, (POF)

Data Products

Nap Browse GPS Sutions
FTP Access o GPS Data Procucts
GPS Data Processing Strategy
NAGNET GFS retwork
Guice 1 QA Files
Puticasons

NIDAS Veliocry Falds

In NA12 Reference Frame

n 1G508 Referonce Frame
MIDAS README
Beowse Lists of Stations

Al Sutions Processed

Stations with raped 5§ mincte sampie
e Sohtions (latency 24 hours)

Stations with ultra raped 5 mainute
SAmple rite SOt (latescy 1.5
hours )

Abowve Axts Aeve Aoks 10 staton

dable Lists of GPS D

Downiload Uist of GPS Staton
Lattude, Longtude, Meight

Stations with 24 hour sample rate
solusons, final orbits, 2 week latency.

Stations with 24 sample rate
SOWSONS, rapsd ordits, 24 howr
atency

Stations with § minute sample rate
SOSONS, rapid Orbits, 24 howr
atency

SIMSONS with 5 minute sample fate
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< o grodesy unr.edu B O :
| ] | ] ]
Sta Lat(deg) long(deg) Ngt(=) X(m) Y(m) E(m) Dtbeg Dtend Dt=od NumSol
Sta0rigName
— g OOMA ~12.4666 130.8440 104.851 -4073662.2759 4712064.7454 -1367874.5096 2008-03-27 2015-12-26 2016-01-02 2353
OINA -12.4782  130.9820 105.409 -4084823.4607 4702026.6696 -1369125.8893 2008-04-08 2013-08-12 2016-01-02 1490
OINA ~12.3359  130.8817 117,652 -4078496.4080 4711380.1446 -1355915.1775 2008-09-22 2015-10-27 2016-01-02 1832
. 1LSU 30.4074 268.8197  «6.487 ~113402.8795 ~5504361.3939 3209404.2335 2003-04-23 2015-12-26 2016-01-02 4133
° I: ” th | k f m D t P d t INSU 31,7508 266.9024 28.071 -293349.5323 -5420742.3561 3336980.8353 2004-01-16 2015-12-26 2016-01-02 3923
O OW e |n S ro Our a a ro uc S ISAL  45.4307 12,3365 55.417 4300125.60%6  957947.7600 4521307.9743 2014-05-07 2015-02-28 2016-01-02 206
IULM 32,5290 267.9241 16,000 ~194982.0141 -5379221.9515 3410046.8330 2003-06~14 2015-12-26 2016~01-02 4401
20MA -23.6982 133.8828 607.104 -4050985.3235 4212133,8047 -2547954.8558 2008-03-27 2015-12-26 2016-01-02 2323
rea 2INA -23.7670  133.8792 S74.465 -4048578.9259 4210151.5116 -2554917.6312 2008-03-27 2015-12-26 2016-01-02 2784
23MA -37,7719  292.2844 373,960 1914328.6149 -4671229,9504 -1885692.6988 2013-05-16 2015-12-26 2016-01-02 879
. . 299C 64.0289 217.9242 748.177 «2209505.8339 ~1721554.0061 5711800.4157 2003-01-12 2007-02-01 2016-01-02 1407
° Tex‘t flles u pda‘ted dal |y 27TRY -33.7688  151.1163  B0.592 -4647366.8544 2563755.9267 -3525201.4906 2012-01-18 2013-08-28 2016-01-02 564
) JARD =38.3821  299.7258 137.523 2402376.5130 -4347528.1128 -3930861.9538 2013-06-12 2015-12-26 2016-01-02 903
ICAN 40.6136  156.2984 765.697 4839099.9866 ~313069.2588 4130439.8138 2009-01-01 2015-11-30 2016-01-02 2266
° : . INIV 46,3148 287.4239 -21.729 1321445.8498 -4210578.8551 4589466.7540 2000-06<17 2010-07-30 2016-01-02 18
r(:)\y/| (E}. IRV2 46,3159 287.4266 -21.491 1321618.2733 -4210427.8707 4509555.3483 2010-07-14 2010-07-29 2016-01-02 3
4ACA ~27.5985 153,0388 115,195 ~5041777.8474 2564619.8794 -2937202.8217 2012-10-26 2015-12-26 2016-01-02 1070
. . 4CDA -28.2446  153.5561 52,251 «5034662.0008 2504036.9010 -3000433.8586 2012-02-28 2015-12-14 2016-01-02 1290
||S‘tS Of S‘tatlons We have 4000 -27.4915 153.0501 54.718 -5047126.9955 2566080.1198 -2926661.2162 2012-10-26 2015-12-14 2016-01-02 961
4CRN -16.9324  145.742% 90,120 -3044072.3773  34353355.2652 -1847819.7903 2012-01-18 2015-12-14 2016-01-02 1340
4CRY =-26.4161 152.9110 164.360 -5089053.9146 2602967.0896 -2820497.8496 2012-01~17 2015-12-26 2016-01-02 1307
. : 4CLD -23.8392 151.2446 60.365 -5117383.7865 2808126.1209 -2562025.5712 2012-02-09 2015-12-14 2016-01-02 1306
t” I |e Span O ata aval a e 4GRM -23.8392  151.2446  60.366 -S5117303.7599 2008126.1397 -2562025.6070 2012-01-18 20312-01-30 2016-01-02 12
4GWI ~-28.5465 150.3031 258,291 -4870791.3308 2777897.9296 -3029972.0152 2013-12~-19 2015-12-22 2016-01-02 670
. 4HLN -27.9219 153.3363  55.571 -5040064.2273 2530892.5250 -2968884.1075 2012-02-28 2015-12-14 2016-01-02 1216
° r‘r] 'f | 't 4NVD -25.2997  152.8098  73.953 -5132360.3952 2636563.4269 -2709155.0206 2012-01-18 2014-02-03 2016-01-02 661
nu ber O SO u IonS 4JON -27.4256  151.4951 422,634 -4978876.8373 2703864.9121 -2920350.8968 2012-10-26 2015-12-26 2016-01-02 919
4MBH -25.5344  152.7064 B2.959 ~5117682.1249 2640709.0562 -2732645.1780 2012-10-26 2015-12-26 2016-01-02 1044
: : 4MCO -26.6628  153.0334  66.302 -5083639.6601 2586514.4370 -2844904.7087 2012-02-28 2015-12-14 2016-01-02 1296
hd nal | |e tranS|at|OnS |f needed ANCK =23.1372 349.1509  76.40% -5110746.9724 3051591.9856 -2203532.0532 2012-10-26 20313-32-18 2016-01-02 3¢
AMCY =21.1172  149.1589  76.501 ~-5110746.9619 3051591.6087 -2283532.0881 2012-01~18 2012-10-14 2016-01-02 264
. VIR -27.3759 153.0578 57.986 -5052736.6906 2568078.6012 -2915290.3121 2012-02-28 2012-06-24 2016-01-02 118
° Separate 'I:I |eS for AWCK -27.0471  150.9571 387.534 -4970022.8571 2759798.4273 -2883044.5298 2012-02-28 2012-03-26 2016-01-02 28
AYAT -27.7340  153.2219 63,578 -3043687.6180 2545326.0726 -2950475.2540 2012-02-28 2012-09-03 2016-01-02 174
SYWE 33,4311  247.8169 289.115 ~2011877.6148 -4934117,2794 3494120.3332 2010-07<15 2014-07-30 2016-01-02 490
: : SLIT -35.0507 138.8675 393.428 -3937318.5119 3438675.9905 -3642699.3035 2012-02-28 2012-03-24 2016-01-02 26
|na Our SO Utlons SMEN -335.6892  139.3379% 11.717 -3934072.8421 3379317.284% -3700242.0209 2012-10-31 2034-03-18 2016-01-02 2%¢
SPIS 36,4292 239.7350  56.523 -2589504.4956 ~4437630.7531 3766647.8083 2010-05-01 2011-05-10 2016-01-02 338
. . SYOR -35.0170 137.6063 24.629 -3862036.5903 3525749.6266 -3639428.7261 2014-04-28 2015-12-26 2016-01-02 521
° (:j :;2¢fl r1 | 't TJOAK  37.5950  245.240% 1713.278 -2119707.4227 -4596082.9515 I870967.7786 2010-10-18 2014-06-13 2016-01-02 50
rapl Our SO U |OnS J0DM 34,1164  242.9068 762,072 ~2407750.8780 ~4706536,7233 3557571.3926 2001-04-20 2015-12-26 2016-01-02 4094
8XUK -33.1904 118.0840 298.306 -2515389.5459 4714082.1879 -3471808.0506 2012-10-30 2015-12-22 2016-01-02 1022
’ : : A3S1 -72.9081 T4.9101 1907.477  489658.7125 1816031.2158 -6076059.1824 2001-01-11 2009-06-26 2016-01-02 37
b rapld 5 | | Ilnute SOlutlonS AJGE -74.2906 66,7922 1235.829  €P2700.4720 1592449.8432 -6110980.5415 2002-12-19 2010-04-03 2016-01-02 453
AT70 =24.1590 151.8870 126.353 -5135893.5743 2743809.2641 -2594414.9132 2013-12-24 2015-12-26 2016-01-02 669 1770
. . . ANDI  §.3290 80.4100 -8.500 1051446.3862 6223098.7057 917795.8094 2014-09-09 2014-09-12 2016-01-02 4
° rt (:j EES r‘r] 't | t AMDY  5.9%67 $0.5446 -09.364 1042162.3213 6257649.8339  €57490.9938 2014-09-08 2014-09-13 2016-01-02 ¢
u rarapl |n u e SO U IonS ACH 50,7679 6.0884 263.286 4019427.7061 428731.1738 4917460.4109% 2011-10-20 2011-12-23 2016-01-02 65
AMCR  9.9388  275.8821 1123.929  644009.0052 ~6251064.2621 1093780.8637 2013-06-02 2015-11-07 2016-01-02 635
° f:) AARS 50.9633 4.8361 104.668 4010937.4678  339354.2331 4931056.2586 2009-08-07 2015-12-17 2016-01-02 1647
y Use t ese f AASI 68,7193  J07,2067  56.202 140)876.4604 -1849092,6568 5920733.5044 2007-06-01 2008-06-14 2016-01-02 376
Swasons with 5§ minune sample rate
G d f ] h [ dl o Meiga D J %::V}g:mf HA-.“WC wvmnumm& SOWSONS, Mapid ordits, 24 howr
° Napa, California, Earthquake: nuudv-oen-o
00d for users with Intermeaiate i e B e T Gy s —

programming skills (e.g. good with

Sobd Earth, 120, 404 10.10292015)8011921, (POF)

greps and awks)

with S minune sample fate
, URYR rapid ortings, 1.5
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UNAVCO

Seamless Archive Centers — Open Source Software

Geodesy Seamless Archive Centers (GSAC) Web Services — A Software Package for
Geoscience Data Centers

) UNAVCO GSAC Site Search Form - Mozilla Firefox EEX
File Edt ‘iew History Bookmarks Tools Help

Users on the UserS on the ‘.UNAVCO GSAC Site Search Form eE J
|nternet |nternet (_' @ facility.unavco,org/gsacws/gsacapifsite/form W (& "“ v /‘ ﬁ
| | | &
Site/Resource Results — HTML, JSON, uNAvco Community Services Data Instr i Software i Learning
Queries CSV, data file URLSs, etc.
GSAC GSAC Interface
JL GPS Data Search Sites | Search Files | Browse | Information | Help
= DAN2
© Web ication
= Query Output Commandiine Gllets _ .
5 Handler Handlers Other GPS Data @ File Search Form
= Data file cess 5
~ K ) site Query
£  |GSAC Service Layer Java Code downloads via =
= — URL supplied 4CharIp
Pt from GSAC
g il —
s Capabilities . Results results
(7] Queries
= Site Name
(=] . .
"3 Repository Implementation [
= Java Code
2. Site Type
ﬁr TF [JGPs/GNSS Campaign Site [J GPS/GNSS Continuous Site

Bound:

S

Contact Us

:' ‘F mert 1 Select Clear
GPS Data Tools |

>
Repository f——1_||

File System Data Date Range
| [

>
Repository H

Geodesy Seamless Archive Centers (GSAC)

Advanced Site Query

Data Repository Architecture —
[ File Search Form
* Start with existing repository and metadata Upon installation and configuration GSAC provides:
e Small set of required metadata; any optional e« \Web user interface
metadata * Operating web services
* Download Java code from Sourceforge project e Documentation for users of web services AP
* Simple installation and configuration * Ability to federate with other GSAC centers

Documentation http://www.unavco.org/software/data-management/gsac/gsac.ntml




UNAVCO

Seamless Archive Centers — UNAVCO repository

Geodesy Seamless Archive Centers (GSAC) Web Services — UNAVCO Managed Repository

(- @ www.unavco.org/gsacws/gsacapi/site/search c ., unavco gs

UNAVCO

GSAC Services for the UNAVCO GNSS Repository

Search Sites | Search Files | Browse | Information | Help

Search Results

Sites | Map | Search Form API request

-3.50000, -143.10938

* The UNAVCO GSAC searches the UNAVCO archives only.
UNAVCO hosts data from ~3,500 stations from many

countries providing continuous data

Documentation http://www.unavco.org/software/data-management/gsac/gsac.ntml




Special GSAC Query for UNR files

http://plugandplay.unavco.org:8080/unrgsac/gsacapi/

Search for files including:

- Time series

Plots (.pngQ)

Quality Control files

In any latency

In any frame

specifty sites

specity data date ranges

Many output options

e.g. wget scripts for direct downloads
Still under development

GSAC Web Services for UNR NGL Geodesy Position Time Series Solution Products

This is an demonstration prototype operated by UNAVCO, Results may not be complete or correct,
This data service is not operated by the UNR Nevada Geodetic Laboratory, This is not an official service of UNAVCO,

Powered by < GSAC >
Search Sites | Search Files | Browse | AP| Information | Help

This web site provides access to Nevada Geodetc Laboratory gecdesy time seres solutions’ product files.
This is an experimental prototype to demonstrate a proof of concept. Results are not guaranteed. Holdings are updated once each day.

As of December 7, 2015 there are more than 14,000 GPS sites represented with data in this repository. There are six million product files,
including Final Daily time series, Rapid Daily time series solutions, Rapid 5 minute time series solutions, Ultra Rapid 5 minute Combo time
senes solutions, and time seres plot images.

Although there are several product types for position time series made by the Nevada Geodetic Laboratory, one goal of this project is to
provide the best daly or S-minute position solution at any point in time. For the dally time series there are two solution files, the daily final
and daily rapid files. The daily final fles span back many years o the earfiest avalable data for every station. The final solutions have a
latency of 7-10 days as the processing sweeps archives for arrival of kate stations and final IGS orbits become available. The final solutions
will be the best solution up to the point when the lower katency rapid daily solutions are available (over the past 7-10 days, the Iatency of the
final solutions). Similarly the rapid daily solutions have a latency of one day 80 during the most recent ~24 hours only ultrarapid solutions
are available.

For the daly solutions we catalog both the final and rapid solutions, Note that for rapid solutions for the span of data actually contained in

the files goes back to March 2013 and therefore overlaps with the final solution span of data that spans back to installation, However, if the
user wanted the best avaliable daily solutions they would use final solutions from the beginning, then the rapid for only the last 7-10 days.

Product File Types, file counts, formats, and reference frames (7 Dec 2015)

Product type Number of Files Number of Sites File formats Reference frames
Rapid 5 minute time series 5,850,678 - keny

Final Daily time series 61,218 - ter3, teny, txyz2 IGS08, NA12
Rapid Daly tme seres 30,336 - o3, teyz NA12, FID

Utra Rapid Combo % min time seres 1930 - kenv

Time series plots image files 82879 . prg IGS08




Special GSAC Query for UNR files

http://plugandplay.unavco.org:8080/unrgsac/gsacapi/

Search for files including:

- Time series

Plots (.pnQ)

Quality Control files

In any latency

In any frame

specity sites

specity data date ranges

Many output options

e.g. wget scripts for direct downloads

Still under development

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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GSAC Web Services for UNR NGL Geodesy Position Time Series Solution Products

This is an demonstration prototype operated by UNAVCD. Results may not be complete o Comect.
This data service & not operated by the UNR Nevada Geodetic Laboratory. Ths Is not an oMical service of UNAVCD,

Search Skes | Search Flles | Browse | AP Information | Melp
Sawch Fim Vet Sorigt for FTP downiond
File Query
Data Date Range
¢:.

Puslish Date
=3
Data Type
-Arvy-
Fogl Calty e saries

Rapid § mincte teme seres
Sapd Dady e seten

Data Flle Format
~Arwy-

L L

UNR ra AVS oot
VAN e T

Deta Reference Frame
FID 1GS08 NA12 TRF unknown

Site Query
Results

Seech Fime Waet Sorigt S FTP gowniond

& 500 Seavon Form

@ e Seanin Farm




HINAVCO Simple Restful Web Service for Timeseries

UNR data using combined final and rapid files:
http://unagi.int.unavco.org:5000/gps/data/position/P3/8/v2!

referencefFrame=igsO8&analysisCenter=unr&starttime=2015-1 [-30T00:00:00&endtime=20 | 5- |
2-02T00:00:00&tsFormat=iso860 | &report=long

# fields: DateTime, X, Y, Z, X Std. Dev, Y Std. Dev, Z Std. Dev, XY Correlation, XZ Correlation, YZ Correlation, North
Latitude, East Longitude, Height, North, East, Vertical, North Std. Dev.(m), East Std. Dev.(m), Vertical Std. Dev.(m),
NorthEast Correlation, NorthVertical Correlation, EastVertical Correlation, Solution

# field unit: ISO 8601 datetime UTC, meters, meters, meters, millimeters, millimeters, millimeters, number, number, number,

# myURI: http://unagi.int.unavco.orqg:5000/qgps/data/position/P378/v27?
referenceFrame=igs@B8&analysisCenter=unr&starttime=2015-11-30T00:00:00&endtime=2015-12-02T00:00:00&tsFormat=1s08601&report=1long
# XYZ Reference Coordinate: x: -2475699.7712 y: -3822330.29648 z: 4450718.27949

# Applied Offset: x: @ y: @ z: 0@
2015-11-30T00:00:00,-2475699.869468970224261,-3822330.289946420118213,4450718.256974040843848,0.000860970301321,0.0011457148740
089,0.001277278291350,0.773765182532420,-0.769955989181483,-0.701141881563536,44.534981963033061,-122.930882522434459,83.1209857
33886957,-40.6688164866,-86.0351683839,18.3794425503,0.4624840289,0.6436160857,1.7511198786,-247.6263002044,-173.2377149944,-77
.5286091769, rapid
2015-12-01T00:00:00,-2475699.868869828922915,-3822330.288743469864130,4450718.255798240152235,0.000875976771472,0.0011700849172
12,0.001274555446847,0.779128063274658,-0.771200678588542,-0.707302465449681,44.534081963918717,-122.930882524335260,83.11982191

07891653,-49.5704001640,-86.18624980952,16.6029079022,0.4652102570,0.6454525118,1.7685887801,-232.8672141550,-172.2778330665,-11
0.1741539511, rapid



Velocity Fields

- MIDAS... what is it?
- How to get it.
- Caveats

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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MIDAS: A New Paradigm

MIDAS: Robust Trend Estimator

for Accurate GPS Station Velocities
Without Step Detection

Geoff Blewitt

Nevada Geodetic Laboratory
University of Nevada, Reno, USA

co-authors:
Corné Kreemer, Bill Hammond, and Julien Gazeaux

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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M Robust Velocity Estimator (MIDAS):
Median temporal filtering

« MIDAS is based on Theil-Sen (1950),

with the following innovations: op | ¢ Data With Steps
Data Without Steps

Truth 10.0 mm/yr
—Least-Squares  13.7 mm/yr
—Theil-Sen 10.9 mm/yr
—MIDAS 10.5 mmfyr

1) Median difference of solutions 365 days apart

{;:mediani(xi+365_ xi)

* insensitive to seasonality AND steps

2) Robust estimate of standard deviation

B

E

e

L4y

=

=

— 1 — v — o
o=1.4826 median, |x, ;. —x, S
O

3) Remove 2-sigma tails and recompute median

4) Compute MIDAS velocity uncertainty

Blewitt et al., submitted

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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[L\{ll. MIDAS (median temporal filter) velocity
IS insensitive to steps

* Detrended time series
- Station affected by M 5.0 earthquake 2008/04/26

m)

€
[}
5
=
w
o

- Station with undocumented equipment change

ROPB East (mm)

- Campaign station monument vandalized and replace

DRYY East (mm)

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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DAS SUMMARY

Key Points on MIDAS
Automatic, non-parametric estimator of time-series trend
GPS velocities are robust to outliers, steps, and seasonality
Velocities are the most accurate of all automatic methods tested

Operations

MIDAS velocities now updated weekly > | 3,700 stations

Open Access

4

4

N

d
d
d

NE
E

E

4

4

DAS |GR paper freely available
DAS velocities public

4

DAS software public

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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MIDAS velocity field

How to get it

Home People Contact Aboutus Links Vacancies Site Map News Archive = Acknowledgements

Current Research Latest N Data Products
Great Basin Strain S e Moo Srowes G0 Sistoms
Basin and Range Dynamics

+ Go to NGL Data products Aaufer Deformaton FTP Access 10 GPS Dat Proucts

. ] Geothermal Energy [December 14, 2015] New Steps Database Product Available! GPS Data Processing Strategy

¢ H |t th e | N k - Giobal Tectonics We have released an online database of potential step discontinuities in GPS time series. MAGNET GPS network
Reference Frames Information from IGS site logs is used to generate lists of equipment discontinuities. Guide 1o OA Files

° Consult the README for Global Strain Rate Map Earthquake data from the USGS is used to mark times of possible earthquake-related !
Yucca Mountain GPS steps down to magnitude 5.0, Hyperinked text tables are now at the bottom of every

. .. Dublioafions station page. A master list can be accessed here and a README file is here.
column definitions

Geoff Blewitt
Hans-Peter Plag [October, 2015) A wave of new papers published by the Nevada Geodetic Lab! In 1GS08 Reforence Frame
Bill Hammond A new set of peer-reviewed publications with authors from NGL have recently become MIDAS README
Comé Kreemer available:
Elliot Klein

= Donnellan, A., L. Grant Ludwig, J.W. Parker, J. B. Rundie, J. Wang, M. Pierce, G.

Qent Namnenen

Also soon to appear as an option on the UNAVCO velocity field plotter:
https://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer.html

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa




MIDAS velocity field

How to get it

+ Go to NGL Data products

- Hit the link...

- Consult the README for
column definitions

<

geodesy.unr.edu

1LSU MIDAS4 2003.3073 2015.9836 12.6763 4133 3761 4796 0.000106 0.000136
~0.000907 ~0.012710 0.049 0.069 0.050 0.003619 0.002659 0.010314 5

INSU MIDAS4 2004.0411 2015.9836 11.9425 3923 3867 5705 -0.000405 0.001143
0.003136 0.003724 0.076 0.073 0.066 0.001565 0.001641 0.008068 2

1ULN MIDAS4 2003.4497 2015.9836 12.5339 4401 4399 6713 -0.000258 0.000305
~0.002554 0.005465 0.078 0.074 0.053 0.001558 0.001501 0.008417 2

299C MIDAS4 2003.0308 2007.0856 4.0548 1407 1407 2159 0.008528 -0.005122
~0.004543 -0.016576 0.093 0.072 0.045 0.002760 0.002309 0.011224 0

3RIV MIDAS4 2000.4600 2010.5763 10.1163 18 18 23 0.000413 -0.000943
0.004249 ~0.005573 0.130 0.261 0.087 0.000617 0.000174 0.001786 ©

S9WE MIDAS4 2010.5352 2014.5763 4.0411 490 490 729 -0.001228 0.000189%
-0.001373 0.008536 0.130 0.078 0.118 0.000848 0.000963 0.003101 0O
SPTS MIDAS4 2010.3299 2011.3539 1.0240 335 19 19 -0.006991
0.002266 ~0.006436 0.105 0.105 0.316 0.000612 0.000783 0.003082 ©
JOAK MIDAS4 2010.7953 2014.4476 3.6523 50 50 78 -0.003030 -0.000705
~0.0004%0 -0.002407 0.128 0.064 0.103 0.000433 0.000639 0.001673 0

70DN MIDAS4 2001.3005 2015.9836 14.6831 4093 3298 3834 -0.015480 0.015486
0.004758 ~0.012256 0.097 0.124 0.069 0.002620 0.002305 0.009051 7

AASI MIDAS4 2007.4141 2008.4517 1.0376 376 30 30 -0.001249 0.000109
~0.001179 0.003909 0.067 0.200 0.133 0.000596 0.000856 0.003080 0

ABO1 MIDAS4 2007.3758 2015.9836 B8.6078 2737 594 594 -0.006119 0.000449
~0.006398 -0.000165 0.037 0.057 0.054 0.004192 0.004464 0.009584 27

ABO2 MIDAS4 2007.3895 2015.9836 B8.5941 2875 218 218 -0.001953 -0.000119

0.003765

0.005086 ~0.008343 0.106 0.106 0.073 0.002477 0.002216 0.007970 18
ABO4 MIDAS4 2007.5127 2015.9836 B8.4709 2993 2991 3893 0.003234 -0.003648
~0.001418 0.002684 0.091 0.083 0.079 0.002994 0.004313 0.010301 2
ABO6 MIDAS4 2005.6181 2015.9836 10.3655 3176 2535 2764 -0.002566 -0.002868
~0.002742 -0.008235 0.073 0.083 0.056 0.003872 0.004567 0.010667 8
ABO7 MIDAS4 2004.8104 2015.9836 11.1732 4073 3396 4608 -0.006722 0.003286
<0.000307 0.003563 0.069 0.064 0.044 0.002940 0.003021 0.010025 8

ABO8 MIDAS4 2009.4456 2015.9836 6.5380 2089 1625 1894 0.000208 -0.003871

0.001927 -0.004181 0.032 0.067 0.044 0.003960 0.003093 0.009172 3
ABO9 MIDAS4 2007.5565 2015.9836 B.4271 2872 2871 4337 0.003552 -0.003742
EfMofRi@n -~ -~ °~°°°°° ° 7Tt 7 otmm m ommm s omAmams mommsm s m omemmmm o

Dent Nnsnenen

-0.002193
~0.001569
-0.003038
-0.000121
0.002415
-~0.006342
0.048164
-0.000896
0.002280
0.005049
0.000471
0.001058
-0.001558
0.001812
~0.000991
-0.000645

-0.001137

= Donnellan, A., L. Grant Ludwig, J.W. Parker, J. B. Rundle, J. Wang, M. Pierce, G.

»
)

0.000403
0.000162
0.000149
0.000469
0.001037
0.000253
0.001116
0.000395
0.000335
0.000847
0.001318
0.001334
0.000378
0.000575
0.000338
0.000696

0.000405

0.000299
0.000170
0.000143
0.000388
0.000318
0.000279
0.001429
0.000563
0.000299
0.001314
0.001418
0.001193
0.000543
0.000682
0.000346
0.000553

0.000496

Also soon to appear as an option on the UNAVCO velocity field plotter:
https://www.unavco.org/software/visualization/GPS-Velocity-Viewer/GPS-Velocity-Viewer.html

O

0.001149
0.000831
0.000794
0.001859
0.002931
0.000920
0.006429
0.001503
0.001139
0.004542
0.003040
0.004217
0.001294
0.001570
0.001136
0.001621

0.001267

~0.0000
-0.0034
~0.0022
0.0074
~0.0050
0.0014
0.0018
0.0010
~0.0076
-0.0011
0.0049
0.0041
0.0006
0.0039
0.0046
0.0036

0.0058

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa




* Available in IGS08 and NA12 frames only right now
- Applied to all time series over 1 year in duration

- Automatically generated. No hands on review.

- Steps and outliers ignored.

- If time series is non-linear, median-based algorithm
picks one velocity (the mode)

- Does not necessarily represent strain accumulation
part of seismic cycle only.

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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geodesy.u

- Earthquakes and equipment change S

Louval vaonrneav

events often cause discontinuities in time  zsvi  oémar21

. ZTL4 O03MAYO02
series. ZTL4 06DECO5
ZWE2 O07JUN13

ZWE2 O07JUN13

- Important to know when these occur ZWE2 07JUN13

ZWEN 99SEPO0S8

sl Lcllllﬂ_L ’ yc_\.uaugcu
Antenna_Type_ Changed
Antenna_Type_ Changed
Antenna_Type Changed
Elevation_Cutoff Changed
Receiver Type Changed
Antenna_ Type Changed
Receiver Type Changed
Antenna_SN_Changed
Antenna_SN_Changed
Elevation_Cutoff Changed
Antenna_Type_ Changed
Receiver_ Type_ Changed

. Get our list of known events from our Data  sex osssess

ZYWI 07NOV27

Products section of http://geodesy.unr.edu zywr omovzs

ZYWI 07NOV27

NRNRNNNNRNRNRNRNNRNNNBE S e e e

- Marked for equipment if change of SYNT 1420029 1 Heosives Fyoe Changed.
: : : ZYWI 14AUG29 Ant Type Ch d

antenna, receiver, radome in log file. TGPU 96JANOI 2  158.489 = 141.624 6.0 usp00079z4
TNGA 96JANO1 158.489 129.678 6.0 usp000792z4
o " " " " TONG 96JANO1 158.489 129.158 6.0 0007924
Earthquake marked If eplcenter IS Wlth AMAN 96JANO1 1412.538 943.656 7.9 3::00079:v

I " " BANI 96JANO1 1412.538 1252.460 7.9 00079
dIStance funCtlon Of magnltUde from BIN1 96JANO1 1412.538 809.382 7.9 3::00079:‘\:
Statlon BINT 96JANO1 1412.538 813.018 7.9 usp00079zv
BLGA 96JANO1 1412.538 717.613 7.9 usp00079zv
BNOA 96JANO1 1412.538 1176.321 7.9 usp00079zv

° ' ' BTNG 96JANO1 1412.538 590.018 7.9 00079
LInkS to USGS event page prOVIded CAO07 96JANO1 1412.538 1040.869 7.9 3::00079::
- . CBRN 96JANO1 1412.538 1130.548 7.9 usp00079zv
« Also see tables SpeCIfIC for each station at ccax 96aano1 1412.538 1172.278 7.9 usp00079zv
CDNP 96JANO1 1412.538 1186.608 7.9 usp00079zv

the bottom of each Station Page

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Earthquakes and equipment change
events often cause discontinuities in time
series.

Important to know when these occur

Get our list of known events from our Data
Products section of http://geodesy.unr.edu

Marked for equipment if change of
antenna, receiver, radome in log file.

Earthquake marked if epicenter is with
distance function of magnitude from
station

Links to USGS event page provided

Also see tables specific for each station at
the bottom of each Station Page

4 geodesy.unr.edu < O 3

QUIN

Yoat

Gray danhed line = tine of neaty sathyuake
cyan damhed kne « e of krown equipiMent change
ot dats on 08-Jan-200
Processed and Ploted by the Nevada Geodetc Laiboestory on W-Jan-20%

Steps Information for this station
Date

Station ID (vyMMMDD) Co% Type/EventiD
QUIN G8APROT 1 Antenna_SN_Changed
QUIN S80CT13 1 Antenna_SN_Changed
QUIN 03JUL09 1 Receiver_Type_Changed
QUIN 09JANI5 1 Antenna_Type_Changed
QUIN 10MAYD7 1 Radome_Changed
QUIN 10AUGI2 1 Radome_Changed
QUIN OSJUN1S 2 iscgem7143782
QUIN 13MAY24 2 nc7 1996906
QUIN 14MAR10 2 nc72182046

Code=1 is ime of an equipment change from IGS log file (anenna, recaiver or firmware change)
Coden2 is possible earthquake step where epicenter is within 10*(0.5°mag - 0.8) degrees of station
Link to full steps file for all stations.

= N

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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* More reference frames for existing products: e.g. tectonic
plate based frames for Africa, South America, Eurasia,
Pacific

* Median spatial filtered velocities

» Uplift Maps based on GPS imaging (flat maps and .kml)

- Better time series plotting tools

- Strain rate maps

- Earthquake offset pages, put out with lowest possible
latencies

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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GPS data can now be used to image uplift.

Uplift (mm/yr)

Latitude
N
o

-3

-100
Longitude Credit: Nevada Geodetic Laboratory

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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MIDAS Rates Despeckled

MIDAS Vertical Rates Weighted-Median Spatial Filtered

Qe 9 42 T T 3
\ ¢ (@) O O

a4 ¢ 41}

2 2
40 | 40 }
39+ 39 }

41 1
38 | 38t

e 8
=37} 40 EZ 37} 40
g 8

36 36 }

-1
35} 35
34 + 34t

2
33} 33t

1 L 1 3 32 1 1 1 1 1 ‘3

-124 -122 -120 -118 -116 -114 -124 -122 -120 -118 -116 -114
Longitude Longitude
mm/yr mm/yr
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42

41

"GPS Imaging” .

Cascadia Interseismic Locking and Uplift

e
N Central Nevada Seismic Belt
Postseismic Relaxation
/ Mt. Lassen /
. -,

evada Uplift?

)
SierraN
39
~ ‘ 41
38 N :
\ - Long Valley
) Cald
© alders Vertical Rate
2 37 40 fromGPS
E (mm/yr)
3¢ | California Great Valle
Groundwate-r withdra Land®xs+Hdctor Mine
... and associated Postseisic -1
35 | elastic rebound! Relaxation
Uplift of Western
34 Transverse Ranges
-2
33
32 -3
-124 -122 -120 -118 -116 -114
Longitude
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“GPS Imaging”

How does GPS Imaging work? 1) Median filtering in the temporal domain

Global GPS Station Data - MIDAS robust trend estimator

l « Based on Theil-Sen (1950, 1968)

- Find the median trend between pairs of points
by GIPSY OASIS I separated by 365 days

- Robust to outliers, seasonality, step functions

1) Robust station velocities

by median temporal filter: MIDAS 2) Median filtering in the spatial domain

- Voting scheme on the Delauney triangulation
2) Despeckled

station velocities . - . . :
by weighted-median spatial filter Despeckles images; robust to spatial outliers

l - Preserves linear boundaries between domains

- Honors the inherent resolution of the network

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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UNAVCO

GNSS
Networks:
existing and

solicited a

UNAVCO
Handle data
Add stations
Enhance station
capabilities for
hourly access
Enhance GSAC
and build
visualization

\ &OIS_—/

gl >

NASA CDDIS

-
------------

-
.............

Plug and Play Conceptual VWorkflow
Multi-sample, latency Buffer and Display

UNR

Near real-time Data

Processing
5 min positioning

every hour and daily €

solutions in
established global
reference frames
Quality Assurance

GSAC
Federated

Query

|
r-"

New online tool to |

visualize and

compare real-time, .. . .
near-real-time, and

daily timeseries
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=_ . B B, . B

|
JPLGDGPS

-Real-time GPS positioning |

|

JPL

Orbits and x-
files

—

Chalmers
=== Ocean Tidal
Loading Coeff.

Altamimi
== ITRF2008 global
reference frame

USERS

Observatories

USGS Volcano |

AfricaArray.

Countries

N

UNAVCO Science"

and Hazards
Community

A

|
|
1

- -{ JPL QuakeSim
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And Hourly
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UNAVCO

& @ www.dataturbine.org

Data l urbine

c Q. dataturbine

OPEN fOURCE D/\T/\g TURBINFE INTTIATIVE

Empowering the Scientific Community with Streaming Data Middleware

> wB O i d 0 #» -

Home News Publications Documentation Sensor Pod Download ContactUs
DataTurbine T
[ In a Nutshell - Sep 29
DataTurbine is a robust real-time streaming data engine that lets you quickly OSDT Usability Survey 2015
stream live data from experiments, labs, web cams and even Java enabled cell
Password * phones. It acts as a "black box" to which applications and devices send and receive New OSDT Flyer Available ;g:’ 51 5
data. Think of it as express delivery for your data, be it numbers, video, sound or
text. . . Jun 11
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i Event Marker Panel
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Strain Rate Maps

M GPS data are used to image crustal deformation.

* Global Strain Rate Map [Kreemer et al., 2014] « Earthquake Forecast [Bird & Kreemer, 2015]

30° 40°  50° B80°

10° 0° 10° 20°

20°

30°

60° 50° 407

10° 20° 30° 40° 50° 60° 70° 80° 90° 100°110°120°130°140°150°160°170°180°170°160°150°140°130°120°110°100" 90° 80" 70° 60° 50° 40° 30° 20° 10°

-21.7-21.6 =21 -204 198 -182 -186 -18 -174  -168= Iog10(epicentr0idsfm2|'s)

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa

UNAVCO IS i
—O B 210F21OFY

NEVADA {




Suggestions Welcome!

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa
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Questions?

AfricaArray workshop - January 20, 2016 - University of the Witwatersrand - Johannesburg, South Africa







The Basic Arrangement

1) You put your data online so UNAVCO can access it
2) We provide data products, free of charge

3) Access to data products remain open and unrestricted to all

UNAVCO,_




Easy! Go To:

http://www.unavco.org/projects/other-projects/plug-and-play-gps/plug-and-play-gps-application.html

- Takes you to UNAVCOQO's registration form
- Very Simple:

Name e oy 67 Aot oo G4 i St o e
o Ema” .f"?‘".,--. Z".’;f; 27.?'.’..’.‘.’.'.’,?3.’.‘2",".‘?“:."’3?” . :." :.;,;.‘:3'.;?:'i?’i’iff.’ffﬁ.f?.":'f.f.fi’&'.
. Phone number == T
- Role —
- Country
- Project Name e
- Describe primary purpose of station (e.g. e
Science, reference station) e
- Do you create RINEX with accurate T ET———
metadata in the headers? (Y/N) S —
- Number of stations .

« Sends and email to the PnP Team Members

UNAVCO ,
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http://www.unavco.org/projects/other-projects/plug-and-play-gps/plug-and-play-gps-application.html

Then What?

This is new, rollout this week.
Beta Mode
Who will be first?

to UNAVCO
- directory structures, etc.

needed!

products.

Someone will contact you, email probably:.

You will get instructions on how to get RINEX

Review of data, possibly you will get some
feedback on suitability/completeness of data
Metadata are crucial. Compete headers

Once UNAVCO approves UNR will be made
aware of it and pick it up for processing +

ROMe - PROCES | OV FOICIS - piug and play goe
Plug and Play GPS Application to Contribute GPS Station Data for Processing

reeatQaion Wi Rgh Quaity data ard Mmetadata e mviled 10 Dartc " -] Moy Dy comtriduting your data 10 e UNAWTO Arcwve
YOns Cata will L o mnne] by UNR sl yns n - P e Your Gete vl resin will D st Dopiad Otgedt Miardiiaey Yo
UNAYTO™s oper data oolicy

N R

Priget Navwe

DNt e Do prunary parpeinie
of e viationis) (0.9, schence,
Mlerence statas eas )

X WY g

O pow create FENEX Fles wiih sccwr ot waladols = D Nasders? N Yes

Nurber of Stavora

To reduce spam, Jaate arewer P Dlowng gueston

—y Shes e ¢ P e LAY

Bt Cow o

UNAVCO ,
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Then What?

- We know this works because we already are
doing it

- How is this different than what we do now?

- Check and see if your data are already in
our system.

ROME - PROMCES |« O FOICIS - Piug NG play G0e

Plug and Play GPS Application to Contribute GPS Station Data for Pro ing

IrventQatons wih Ngh Quality dats and metadata ae mviled 1 pertcpete In Pug and May
Yons Cata wil L omaned by UNR arvd yins ol Piven aiimns o B
Mg you receive credt F ofhers scomes your dela or

T appiy plaass sl e appiiaton b lason Yoo

To recuce spam, este arswer Mo followrg

oy . T O

Bt

senuits Pvough UNAYDO S open dets policy

v e ale v el @ reverwed ool s el e (ordiaied] B 0 4

Somaton

Cow o

Dy contriduing your data 10 e UNAVDO Archive
- el Vins Gt D rew s ol e st Onplal Ot Wiaw dary Vo

-
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See One Page
Handout on Plug and
Play:

Has clickable link so
you don't have to
remember It all.

Plug and Play GPS for You!

Access to the benefits of high precision, low-latency position time series from
global GPS networks is currently limited by the need to have advanced expertise
and systems for data acquisition and processing. We are taking steps to remove
these barriers by developing a system capable of processing all GPS data
available in open archives. Currently we process data from over 14,000
continuously operating stations from around the globe. For openly contributed
data, this rigorous and automated system provides processed data products (e.g.
position time series, plots, velocities, etc.) free of charge. Results are provided
with low latency suitable for rapid modeling and analysis of natural hazards from
earthquakes, tsunamis, volcanoes, hydrologic changes, and other applications.

Plug and Play GPS Processing
We will provide you with daily and 5-
minute position time series and quality

control products, with latency between 2

hours and 1 day depending upon data
availability. The University of Nevada,

Reno (UNR), processes contributed data

using products provided by the Jet
Propulsion Laboratory (JPL), including
ultra-rapid GPS orbits and clock

parameters, and JPL’'s GIPSY/OASIS Il
software. The processed time series are

presented in global (IGS08) and North
America (NA12) reference frames.

Participating in Plug and Play
Plug and Play GPS participants submit
high quality data and metadata to the

UNAVCO Archive where the Data Center
services provide data ingestion, access,

formatting and cataloging of accurate
metadata including proper source
attribution. UNR then picks un_hourlv

Getting Started: How to Contribute

Your GPS Data

To get started, fill out a short web form
describing your data at
http://www.unavco.org/projects/other-
projects/plug-and-play-gps/plug-and-
play-application.html

Accessing Processed Results
Time series plots and files, and post-
processed station quality control
factors, are cataloged in a Geodetic
Seamless Archive Centers (GSAC)
database that is searchable and
accessible via web browsers or via
newly developed simple RESTful web
services. Products themselves are
located at the UNR Nevada Geodetic
Laboratory (http://geodesy.unr.edu/).
To promote open exchange,
processed data products are made
openly available to all.

UNAVCO, a non-profit, membership-governed
consortium, supports and promotes Earth science by
advancing high-precision techniques for the
measurement and understanding of deformation.
UNAVCO also supports education to meet the needs
of the community and the public.

-20" [ -340° -320° -300°

MAGNET + Other GPS Networks Map




See Previous Data Products Section

» Once in the system all data are brought through to products
- Caveat: MIDAS rates require >1 year of data before they are
produced
(Uplift maps usually need >4 or 5 years)
But time series should be available very quickly.
Conceivably within hours of if hourly files are provided.

UNAVCO ,




What you can do right now

Browse the data products
Use the data products
Incorporate data products into your workflow
Incorporate data products into educational resources
See examples case study on Napa Mw6.0 earthquake

Provide feedback to us!
whammond@unr.edu

UNAVCO
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Questions?
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Estimated Economic Losses

20%

1 10,000
1.000 100,000
USD (Millions)

Red alert level for economic losses. Extensive damage is probable and the disaster & Shely widespread.
Estimated economic losses are less than 1% of GDP of the United States. Past events with this alert level

have required a national or intemational level response.



http://earthquake.usgs.gov/earthquakes/eventpage/nc72282711

Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

You might want an example time
series. You might want to grab a
couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:

- Data Holdings files...

- GSAC search tools...

POy v eDL

MAGNET + Other GPS Networks Map

Click on Site for more information.

UNAVCO ,
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Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

You might want an example time
series. You might want to grab a
couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:

- Data Holdings files...

- GSAC search tools...

POy v eDL

MAGNET + Other GPS Networks Map

Click on Site for more information.
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http://geodesy.unr.edu/

Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/

You see there are many stations ...

You might want an example time
series. You might want to grab a
couple plots.

Hover you mouse to get 4 click!

_—

me.

Or if you want everything and you are
OK writing scripts you might try the:

- Data Holdings files...
« GSAC search tools...

POy v eDL

MAGNET + Other GPS Networks Map

Click on Site for more information.
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Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

If you want an example time series

you might want to grab a couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:

-+ Data Holdings files...

« GSAC search tools

Home B»

Station

owse Global Station List

ID : P261

Station operator information:
from RINEX headers

Data processed by:
Geoffrey Blewitt, Nevada Geodetic Lab.

Time Series Data
(ascii text)

[ 24 Hour Final Solutions

|1es
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| NA12 o [z

[ 24 Hour Rapid Solutions

| FID

(~1GS08) [ env
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v readme [xyz readme
files ‘ ftp link

Rapid 5 Minute Solutions
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[
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Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

If you want an example time series
you might want to grab a couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:

-+ Data Holdings files...

« GSAC search tools

Mome People Contact Aboutus Links Vacancies Site Map News Archive MAGNET  Acknowledgements
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Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations

If you want an example time series

you might want to grab a couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:
Data Holdings files...
GSAC search tools

Sta
1¥5U
e
A06
A
2200
232G
2NCH
06
Mi0
Current | »c2?
praTs
Grest B 259
Basin and acon
MUs
Agquifer D 018
Geotherr aoxs
AoRI
Global Te 2008
Referenct acax
At
Gilobal St e
Yucca Mo arLr
AIRs
Publicatio AXTO
ALAC
ALDA
MAGNE ;a4

Notwork | ALSY
ALIC

MHome

§

i5E

Hans-Pety M3
Bl Hame axay
Comé Kn 262
Elot Ko
Beot Poco
Jayne Bol
Jay Goldf
Yang Zha

Opportu

:

GEEEERENENS

ARGT
Ay

EEE

ARNA

<

Lat (deg)
31.7508
32.5290
s4.005)
16.2623

-19.0183
349574
34.957)
83.763¢
54.5226
§9.252%
€1.2422
59,5672
43,3644
41.7433

9.0351
%.79%10
41,9190
439127
44.172%

38,4114
43.333¢
47,8770
16.7408

-40.35298
34.3389
.97
45,3898

~34.9502
43.9358

«23.6701
36,8528
45.5406
34.8031
4%.05m

«39.2682
45,2403
€1.1752

~30.4533
29.301¢
47,4719
398874
39.0103
39.0108
42.3682
45,7152
35.709%

~16.465%
~16.4655
M.115%
€1.9974
33.6961
M.1042
M.6726
36.3692
479448

Long(deg) Egt(=)

266.5024
267.9241
196.5765
298.4725
47.2292
253.5055%
253.5055
209.1094
195.3133
205.8371
210.4329
206.4148
3s1.e011
89,3104
38.7663
264.4136
275.9757
3.8
0.6115%
178.0460
Jse.nse
3.3559
297.7%61
176.4612
359.5188
358.143¢
236.51235
117.8102
201.%20¢
133.8455
35T.%408
3.7501
255.4754
2.2304
178.2912
4.6017
210.0166
137.1601
264.5151
159.4522
32,7585
283.3%08
283.3909
13.3%02
5.4247
268.3715
200.%072
288.5072
265.8200
353.2165
266,399
266.5%490
267.6174
267.6269

w.om
16,000
$00.412
~35.520
1552.9¢8
1719.740
1720.651
1407
170,458
a.am
2.1
109,546
46.91¢
s.on
2439. 166
2.
105,960
§8.2%
113,70
§63.25¢
121.402
96,79
84,35
432.9%
§0.302
151.7%
L. 768
.6
00.997
603,278
127.5%00
£17.5%
1911.578
%0.0m2
129.3%)
440.91%
$7.807
101.38)
-%.1%)
106,085
976,044
20.43%
21.630
713.12¢
199.15%
.97
2489945
2489.914
349.60)
iie.2%
s4.484
332.327
73,204
27.718

X(=)
~293349.531)
«~194982.0142

=1524499.490)
2919785, 71W2
4097216.671)

~1406206.9355

«14B6213,0785

~2013443. 6628

1581775, 4875

~2942346.,1195

-2652975.1418

«2900773,1286
45944
1560586, 0007
4913652.0146
-539I02.720%

494819,17%
46397017518
4501560.18620

«5001713. 0668
4645541.027¢
42TRE4E, 1140
2848125.562)

~4045036. 3645
S009051.187%
4962040, 040)

=2341332.9343

~2441754. 4085

919129.4502

«~4052052.2402
5105220.083
4465758, 6670

~1248596.122)
41167%4.2¢em0

«5011995,645¢
4439450402

~2665548.0785

~4035145,.4404
-532046.371)
4319044, 0406
4121%48.5¢02
1149299.5202
1149344.4318
4592507.609%
44413254,0035
~147353.978
19420267760
1942826.2155
~376023.478%
2981449,.7505
~333601.01%)
~272445.100
«~218301.6716
-212916.387

Yi(=)
~5420742.3542
~5379221.9515
-104%9120.1e900
«~5383745,099%

4429119, 0040
~5019130.4709
«~5019145.7921
-1566541.1082

=~967327,.3374
~1424747.80))
~1559%530.15%7¢
«1440890,316)

-6T8347. 0004
~4503296.25)0

3945922.6424
=5513496. 0402
~4727340,12460

2814489.3802
485076402
170643,.0319
-02244.0072
250892.8549
-5405118. 8842
2959626.0002
«42072.18)0
~160854.1142
~3535049,5341

4629128.4997
~4346071.252)

4213836, 0742

~219278.4734

293711.8000
~4819428.2054
160912140
145520,9744
367206.308)
~1542704.6073%

3741908, 3944
-5541057.em20

~41298,9857

26521879102
~-40827706.910%
«~48217648.89)5

1085076.2044

421757, 2400
~5182834.6310
~5004070.2642
«~5804070,3314
~5144995. 6004

=~354651,.5492
~5301621.2679
~5147017.5544
5246693, 4182
-5137582.7812

n‘"P‘:uv}l£!R’\:ﬂa’&gzﬂla‘a‘001ala;$
Schubert, 307-333, Elsevierdoc 10.1016/8978-0-444-53802-4 00060-9. (PDF)

« Blowitt, 2015, Terrostrial roferance frame requirements for studies of geodynamics and
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« Bird P, and C. Kreemer, 2015 Revised tectonic forecast of global shallow selsmicity
bmdonmlonz.‘ldmmsunhm&p Buliotin of the Seismological Sockety

Gecdeny v edu

(=)
3334%80.83%
3410046.8320
51944600000
1774604,7044

-2065771.3548
RIS EE i 4 2 M
3634956.0771
S407009.0431
$170458.3435
5454729.1602
S569105.0604
5476476, 800
43587066.0719
4334372350

$95383.2802
Jiseaev.aied
4233050,3234
4352006 9427
44219399192

«~3941681.7507
43544136291
4707453.6035
1825410, 0092

~4124001.4599
3915057.7358
3990004, 4500
4745791,3544

~3633363,.3005
45619770046

«~2545105.3193
Sp04307.12420
4539970.4002
3976505.9%46
4852750307

«~3929003,17%0
4504508.0410)
S564822.007

«~321)442.9202
3103095.77%1
4677465, 400
4069023.757
IFFIANT. M
3953238.0692
4274392.94%¢
4543401, 7092
3T02154.3788

~17946893.%292

«1796494.205)
3TM005.149)
SE0R475.0145
3518493.8648
37445074709
3609099 .4872
3T61395.875L

dfiias H

Dtbeg

2013-03-23
2013-03-31
2015-03-10
2013-09-03
2013-03-30
2013-03-32
2013-03.31
2013-03-04
2033-03-20
2013-03-06
2013-03-0¢
2013-03-30
2013-03-3
2013-03-23
2013-03-06
2013-03-32
2013-03-21
2013-03-3
2013-03-20
2013-03-30
2013-03-30
2013-03-30
2013-03-3
2013-03-20
2013.03-30
2013-03-30
2013-03-06
2013-03-30
2013-03-0¢
20130306
2013-03-3
2033-03-20
2013-03-06
2013-03-30
2013-03-20
2013-03-3
2013-03-23
2013-03-30
2013-03-32
2013-03-30
2013-03-30
2013-03-22
2013-03.31
2013-03-30
2013-03-30
2013-04-02
2013-03-0¢
20130306
2013-04-02
2033-03-20
2013-04-02
2013-04-02
2013-04-02
2013-03-32

P

change, intevnational Association of Geodesy Symposia, 1-8,
dok10.1007/1345_2015_142. (PDF)

amm amm -

Dtend

201%-32-21
2015.12-21
201%-22-21
2015-312-20
2018-22-21
201%-12-21
2015.12-21
2018-22-21
2015-32-21
2018-12-21
201%-12-21
2015-12-21
2018-22-21
2015-32-21
2015.12-21
201%-12-21
2015-12-21
2018-22-21
201%-32-21
2015.12-21
201%-12-21
2015-312-21
2018-22-21
201%-12-21
2015.12-21
2018-22-21
2015-32-21
2018-12-21
201%-12-21
2015-12-21
2018-12-21
2015-32-21
2015-12-21
201%-12-21
2015-12-21
2018-22-21
201%-32-21
2015.12-21
201%-12-21
2015-312-21
2018-22-21
201%-12-21
20151221
201%-22-21
2015-32-21
2018-12-21
201%-12-21
2015-12-21
2018-22-21
2015-32-21
20158.12-21
201%-12-21
2015-12-21
2018-22-21

Dtsod

2015-12-21
2015-12-21
2015-12-21
015-12-21
2015-12-21
2015-12-21
20151221
2015-12-21
2015-12-21
2015-12-21
2015-12-21
10151221
2015-12-21
015-12-21
2015-12-21
2015-12-21
W015-12-21
2015-12-21
2015-12-21
2015-12-21
2015-12-21
015-12-21
2015-12-21
2015-12-21
20151221
2015-12-21
015-12-21
2015-12-21
2015-12-21
0151221
2015-12-21
015-12-21
2015-12-21
015-12-21
015-12-21
2015-12-21
2015-12-21
2015-12-21
2015-12-21
015-12-21
2015-12-21
2015-12-21
20151221
2015-12-21
015-12-21
2015-12-21
2015-12-21
0151221
2015-12-21
015-12-21
2015-12-21
2015-12-21
015-12-21
2015-12-21

‘-a &Ql\-l)-?l

0

BusSol StaOsig¥ase
933
L8]
233
Mo
(73]
11
[TH
933
M2
9
943
95
944
e
140
42
¥
933
w6
924
934
s
34
s
947
947
O
82
937
851
949
919
9l
93
$21
930
T H
864
)
il
31
[TH
59
933
L3R
86
92
3]
749
4
84
"7
(31
e
a1

g

%y,

Stations with 24 sampie rate solutions,

mpid orbits, 24 hour atency.

solutions, Uit ragkd orbints, 1.5 hour
Wency

UNAVCO

@eﬂﬂw

B 2l10FAL0FY

-
.



http://geodesy.unr.edu/

Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

If you want an example time series

you might want to grab a couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:

-+ Data Holdings files...

« GSAC search tools

GSAC Web Services for UNR NGL Geodesy Position Time Series Solution Products

This is an demonstration prototype operated by UNAVCO. Results may not be complete or Correct.
This data service is not operated by the UNR Nevada Geodetic Laboratory. This is not an official service of UNAVCO.

powered by <GSAC>
Search Sites | Search Files | Browse | AP! Information | Help

Search Shes i Fie Search Form

Code (4 character D)

Lat-Lon Bounding Box
[ 1 Select Clear

Site occupied in date range

Results

S503rCh 503 1 Flig Search Form

UNAVCO



http://geodesy.unr.edu/

Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

If you want an example time series

you might want to grab a couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:

-+ Data Holdings files...

« GSAC search tools

GSAC Web Services for UNR NGL Geodesy Position Time Series Solution Products

This is an demonstration prototype operated by UNAVCO. Results may not be complete or Correct.
This data service is not operated by the UNR Nevada Geodetic Laboratory. This is not an official service of UNAVCO.

powered by <GSAC>
- " “Yelp

_ File Search Form

& Flio Search Form
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http://geodesy.unr.edu/
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Imagine this happens
And you want GPS solutions.
GSAC Web Services for UNR NGL Geodesy Position Time Series Solution Products
You go to http://geodesy.unr.edu/ U —
) et - ] This data service is not operated by the UNR Nevada Geodetic um;'.'m":f ?:.f?."’:o'f‘ffomfﬁf?.}v.« of UNAVCO,
You see there are many stations ... powerea oy <GSAC>
Search Sies | Search Files | Browse | API Information | Help
If you want an example time series Search Resuits
you might want to grab a couple plots. | = M Serm e
Site Code | Site Name Latitude, Longitude, ellipsoid height Latest Data Time
ASTA (ASTA site name not provided) 38.1694 .121.6845 167 N/A
Hover you mouse to get station name BEIR___ (SR ehe nems nol provkded) B1.016 1221009 248 A
- BRIB (BRIB site name not provided) 379194 .122.1526 2623 N/A
BRIC (BRIC site name not provided) 379194 .122.1526 2632 NA
| BWOD (BWOD site name not provided) 37.9587 -121.7089 -2.1 NIA
. . CAFA CAFA site name not ed 382491 -122.0679 -12.1 NA
Or if you want everything and you are | = owe  cvsmmmmomeen s zzsios ns =
o . . O | CAP1 (CAP1 site name not provided) 7.7142 -1 1 -20. N/A
OK writing scripts you might try the: (CAPL site name not provided) 376956 1219016 787 NA
- Data Holdings files par e e To7 8 125005 164 -
S T =
« GSAC search tools 0N e mams mtarcitos g -
(CSJB site name not provided) 37.319 1218599 195 N/A
(DIAB site name not provided) 378786 -121.9156 9303 N/A
(DIXN site name not provided) 384687 -121.8286 -9.1 NA
(DUBP site name not provided) 37.7276 -121.8551 2027 N/A
(EBM1 site name not provided) 37815 1222838 -159 N/A
(EBMD site name not provided) 37815 -1222838 -16.0 'NIA
(FARB site name not provided) 37.6972 -123.0008 -21.7 NA
(FRFD site name not provided) 38223 -122.1392 -144 .NIA |
(HSIB site name not provided) 375921 -122.3694 -240 N/A e
(JRSC site name not provided) 374062 -122.2274 1443 N/A
(LEIC site name not provided) 37.7752 -121.9687 1208 N/A

UNAVCO_ ™~ W


http://geodesy.unr.edu/

Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

If you want an example time series

you might want to grab a couple plots.

Hover you mouse to get station name.

Or if you want everything and you are
OK writing scripts you might try the:

-+ Data Holdings files...

« GSAC search tools

GSAC Web Services for UNR NGL Geodesy Position Time Series Solution Products

This is an demonstration prototype operated by UNAVCO. Resulits may not be complete or correct.
This data service is not operated by the UNR Nevada Geodetic Laboratory. This is not an official service of UNAVCO.

powered by < GSAC>

Search Sites | Search Files | Browse | API Information | Help

Search f les Wget Seript for FTP downioad T Site Search Form
File Query
=

Data Date Range
q e

Publish Date
| =

Data Type

-Any-

Firal Daly timeo seros

Rapid 5 minute time series

Rapid Daly time series

Data File Format

UNR kenv 5 mn

UNR rms RMS products

|UNR ga fle

Data Reference Frame

FID " IGS08 ~NA12 .~ TRF unknown

Site Query
Search Fles Wget Seript for FTP dowmnioas T Site Search Form

AT TR STV RIS R IWR T W W T el e T ———ry - Ty

’
(JRSC site name not provided) 374062 -122.2274 1443 N/A
(LEIC site name not provided) (377752 -121.9687 1208 N/A
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http://geodesy.unr.edu/

Imagine this happens
And you want GPS solutions.

You go to http://geodesy.unr.edu/
You see there are many stations ...

If you want an example time series

you might want to grab a couple plots.

Hover you mouse to get station name.

Or if you want everything and you are

OK writing scripts you might try the:
-+ Data Holdings files...
« GSAC search tools

UNAVCO

b

plugsndplay uraveo org

GSAC Web Services for UNR NGL Geodesy Position Time Series Solution Products

This is an demonstration prototype operated by UNAVCO. Results may not be compiete or correct.
This data service is not operated by the UNR Nevada Geodetic Laboratory. This is not an official service of UNAVCO.

¥ Search Information

Search Sites | Search Files | Browse | AP! Information | Help

powered by < GSAC>

S wget Script for FTP download
File URL to download File type Time range of data Reference frame
BRIB NA12 tenv3 Final Daily time series 1996-01-01 00:00.00 - 2016-01-02 00:00:00 NA12
CHAB NA12 tanvd _Final Daily time series 1996-01-01 00:00:00 - 2012-12-31 00:00:00 NA12
MOLANA12 tenv3 .Flnal Daily time series 1996-01-01 00:00:00 - 2002-04-04 00:00:00 NA12
NUNE.NA12.tenv3 Final Daily time series 1996-01-01 00:00:00 - 1999-12-11 00:00:00 NA12
TIBB.NA12 tenv3d Final Daily time series 1996-01-01 00:00:00 - 2016-01-02 00:00:00 NA12
WINTNA12 tenvd Final Daily time series 1996-01-03 00:00:00 - 2016-01-02 00:00:00 NA12
PBL1.NA12 tenv3  Final Daily time series 1996-01-12 00:00:00 - 2004-03-08 00:00:00 NA12
MHCB8.NA12.tenv3 Final Daily time series 1996-06-15 00:00:00 - 2016-01-02 00:00:00 NA12
PBL2 NA12 tenv3 Final Daily time series 1996-07-31 00:00:00 - 2004-03-08 00:00:00 NA12
SUAA NA12 tenv3 Final Daily time series 1997-02-17 00:00:00 - 2001-08-02 00:00:00 NA12
LUTZ NA12 tenv3 Final Daily ime series 1997-11-05 00:00:00 - 2016-01-02 00:00:00 NA12
DIAB.NA12.tenv3 Final Daily time series 1998-05-26 00:00:00 - 2016-01-02 00:00:00 NA12
MONB.NA12.tenv3 Final Daily time series 1998-08-01 00:00:00 - 2016-01-02 00:00:00 NA12
POTB.NA12 tenv3 Final Daily time series 1998-12-11 00:00:00 - 2005-02-04 00:00:00 NA12
EBMD.NA12 tenv3 Final Daily ime series 1999-03-11 00:00:00 - 2015-06-11 00:00:00 NA12
OHLN.NA1Z tenv3 .Flnal Daily time series 2001-11-28 00:00:00 - 2016-01-02 00:00:00 NA12
ZOA1.NA12.temv3 Final Daily time series 2002-07-04 00:00:00 - 2016-01-02 00:00:00 NA12
Z0A2 NA12 tervd Final Daily time series 2002-07-04 00:00:00 - 2016-01-02 00:00:00 NA12
THAL.NA12 tenv3 'Flnal Daily time series 2003-01-03 00:00:00 - 2007-03-22 00:00:00 NA12
SLAC NA12 tenv3 .Flnal Daily time series 2003-02-01 00:00:00 - 2016-01-02 00:00:00 NA12
SBRN.NA12.tenv3 Final Daily time series 2003-03-06 00:00:00 - 2011-02-28 00:00:00 NA12
SVIN NA12 tenv3 Final Daily time series 2003-11-21 00:00:00 - 2016-01-02 00:00:00 NA12
OXMT.NA12 tenvd 'Flnal Daily time series 2004-02-13 00:00:00 - 2016-01-02 00:00:00 NA12
P261.NA12 teny3 ‘Flnal Daily time series 2004-06-04 00:00:00 - 2016-01-02 00:00:00 NA12 -
P198.NA12.tenv3 Final Daily time series 2004-09-09 00:00:00 - 2016-01-02 00:00:00 NA12
P225 NA12 tenvd Final Daily time series 2005-01-22 00:00:00 - 2016-01-02 00:00:00 NA12
P181.NA12 tenv3 | Final Daily ime series 2005-02-02 00:00:00 - 2016-01-02 00:00:00 NA12
P230.NA12 teny3 Final Daily time series 2005-02-27 00:00:00 - 2016-01-02 00:00:00 NA12
NJMW [ | b 4
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Two Hours After Event:

Ultrarapid Orbits

Not “real time” i.e. 1 Hzwith 1 s

latency
From Hourly RINEX

Not all stations providing hourly

Working on that

Offsets detected

But uncertainties are large
Inferred source poorly
constrained

from Hammond et al., 2014 Fall AGU poster

39°00°

37°30"

Earthquake Displacements from
5 Minute Sample Rate Time Series

| Y& Napa Aug. 24,2014 M6.0

v -

| 10 mm observed

1

10 mm predicted

Cyan = over 1 sigma, Magenta = over 2 sigma

Left) GPS offsets from § minute sample rate time series
estimated from ultra-rapid orbits roughly two hours after
the earthquake. Scason detribution reflects data that were actually
svalable 3t the time of this aralysls.

Data were svulable from relacively few though offvets from
wixtion P196, P24 sppear to move roughly in the direction substatiated
by bser data

We uted the offet data 1o soive for atitude, longitude, lengeh, &, down-
G width, and Two Hip components on 3 tingle rectangular patch. The
solution was obtained uting simlated annealing (Kirkgatrick ec al, |983)
with starting parameters bated on the reported selumic solution (USGS,
014)

The solution for the shp panch location (magesta bne segrment) based on
these data is mesplaced with respect 10 the epicenner by almost 20 om,
Conmmraint on the fault dip paramsers was poor becawse of poor data
rvailabibry though o provide some information about the it of earth.
Quiine MagDCe

Green vecton are the predicted daplacements from the best model that
wis derfved lner (201 in real time) from the GPS ofsets. Uncersinties
(| -sigma shown) are estmated fom the scatter of the time series before
and after the evest.

UNAVCO




Next Day After Event:
Rapid Orbits

Many more stations contributing
Time series better behaved
Offsets show clear strike-slip
character

Significant offsets as far as e.g.
south Bay Area

Source location, style, slip better
constrained

Extent of significant
displacement from earthquake
more clear

Earthquake Displacements from

39°00'

38'00"

37°30"

from Hammond et al., 2014 Fall AGU poster

10 mm predicted

| Y NapaAug. 24,2014 M6,0

-123°00'

5 Minute Sample Rate Time Series
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Left) GPS offsets from § minute sample rate thme
series estimated from 24 hour latency rapid solutions
the day after the earthquake, Sation dutributon reflects
data that were avalable at the time of this aralysis (the day aker the
evest).

Daza were avalable from many more stations compared to the
uraripid solutions, providing a far better constraint on the earth-
quake source. The vip patch (majenta bar) it diaplaced northwest of
the epicenter, umilar to cheervations of surface rupture and after-
hocks, and the moment centrowd, (USGS, 2014) The estimated sorike
it aligned well with the west Naps Faule

Green vectors are the predictad duplacements from the best fitting
model that was derived later (2ot in real time) from the GPS offsecs.
Uncertsinties (| -sigma shows) are estimated from the scacter of the
time series before and after the event.

UNAVCO




1 Full GPS Day Later:
Rapid orbits

Time series greatly improved, reduced
scatter from 24 hour sample rate
solutions

Offsets better constrained
Dramatically smaller uncertainties
Inferred source right on top of seismic
epicenter

from Hammond et al., 2014 Fall AGU poster

37°30"

Earthquake Displacements
24 Hour Sample Rate Time

from
Series

| Y& NapaAug.24,2014M60 || 1|

" | 10 mm observed

—
10 mm predicted

—_—

1 L

1

-123'00'

Leoft) GPS offsets from 24 hour sample rate time series
estimated from rapld orbits, These resuls were avalable after
one S8 GPS day trampired a®er the sarthquake. The offiet it the difer-
once betwen position during the firss Al day aker the event and the
mean of JO days prior 10 the event. Saation dstribution reflects data hat
were actsally svalable at the sme of this analynls,

Compared to the 5 minute sample rate time series. a greater sumber of
GPS stations hawe provided dasa and the encertainties in the daplace-
mencs are far smaller;

The maximum disphicements (19 mm) were at stagon P24 1, Marin
County moved between 4 and 10 mm northeast.

The madel slip pacch Is located in 3 smilar kocasion compared 1o the
rapid § minune solutions, ~5 km northwest of the epicener. This slip
panch is in a simlar location 10 the seismogecdetc solution of Melgar et
al, 2014 (see their poster In this session)

Green vectors are the predicted displacements fom the best fieting
madel that was derived later (not In real ome) from she GPS offpets,
Uncertainges (| -sigma shown) are estimated from the scatter of the time
series before and aker the event,




10 Days After Event:
Final Orbits

Moderate improvement over
rapids

Shows stability in solution of
source

Similarity to seismic slip
Inversions

Used to benchmark real-time
source inversion studies, e.Q.
Melgar et al., 2015 JGR plus
other groups used our rapid-
offsets

39°00" 1=

38°00" -

37°30"

Earthquake Displacements from
24 Hour Sample Rate Time Series

| 10 mm observed

10 mm predicted

L d

R

from Hammond et al., 2014 Fall AGU poster

-123°00'

| Y Napa Aug. 24,2014 M6.0

Left) GPS offsets from 24 hour sample rate time series
estimated from solutions based on final orbit products,
avallable roughly 10 days after the event. The offset is the
difference between the mean station position 7 days after the event
and 30 days bedore the evers. Stasicn dstrbution reflects data that
worn available 3t the tme of the analysis, which is roughly the best
possidle coverage avaiable from owr system.

Data were svailsble from 3 similar number of st pared to
the rapid solutions (abowe), though wncertainties are a lntle smaller
owing to the adduonally averaging of data afver the event.

The slp pasch location (majents bar) has barely changed given the
new data.

Green vectors are the predicted daplacements from the best fietieg
model that was derived later (2c¢ in real time) from the GPS offsets,
Uncertainties (| -sigma shown) are estimased from the scatzer of the
time series before and after e event




Months After Event:
Final Orbits

- Time series modeled with slope,
intercept, annual+semiannual
terms, step, exponential decay ... -
after event

- Clear postseismic afterslip found

- Seen in GPS data and in situ
surface observations

- Lasted weeks

« Coseismic Mw=6.07 versus
postseismic Mw=5.75

+ Clear implications for seismic
hazard studies

37°30'

10 mm coseismic
-

10 mm postseismic
-~

Postseismic Displacements from
24 Hour Sample Rate Time Series
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from Hammond et al., 2014 Fall AGU poster
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Conclusions

- This has been an demonstration of the utility of the Plug and Play system

- Napa earthquake shows how well and how quickly we can do low latency
earthquake geodesy

- This example in a tectonically active area with a dense network of
continuously recording GPS stations

- Future plans include extending service to automatically and systematically
provide offsets (coseismic displacements) for every event over M 5.0.

- In the interim you will need to model steps from time series yourself.

More information on Napa earthquake offsets
http://geodesy.unr.edu/billhammond/earthquakes/nc72282711/nc72282711.html

I UNAVCO,, @jﬁw;“ )



http://geodesy.unr.edu/billhammond/earthquakes/nc72282711/nc72282711.html

Thank you for attending!




