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0. Abstract

Over the past decade, GPS and seismic networks spanning the western US plate boundaries have produced vast amounts of data that need to be made accessible to both the geodesy and
seismology communities. Unlike seismic data, raw geodetic data requires significant processing before geophysical interpretations can be made. This requires the generation of
data-products (time series, velocities and strain maps) and dissemination strategies to bridge these differences and assure efficient use of data across traditionally separate communities.
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is available in the getting started and fag forum topics.

Overview: Select GPS sites by clicking them on the SCOMI map, using a map bounding box, ar by entering them in the Site Group Criteria section of the "My Sites Portlet”. Save your sites to a new jor

existing) group in the same porlet. Your site groups are available for use in many of the portal links above - for retrieving coordinates, velocities, and for performing modeling jobs. More information

Already know this? You can minimize this portlet (and any other portlet) by clicking on the minimize button in the portlet title bar.

Overview Portlet

[ SOMI for Portals Portlet =E0g? My Site Groups Portlet = O

Site Group Criteria Site Group Functions

Query:

Tanget
Layer:

Features in Map Extent:

Mode:

Selected

Featura:
Latitude:
Longitude:

Basket:

Add these site codes to my group My savediactive group(s)

(2.g., "siob trak"):
List Sites |

I Restrict sites by current
|lequipment type

Description: none

| CGPs Stations |

Save Sites to This Group I

[ ASHTECH antennas

[ TRIMBLE antennas

[ ASHTECH receivers

[ TRIMBLE receivers

[ ASHTECH Z-XII3 receiver
[ TRIMBLE NETRS receiver

My new group name:

B

My new group description:

| Box Remove.

IcatEUUﬂU =]

Highlighting group =ites on map...
Save Sites to Mew Group

My Site Group

I—Basket— j

(to remove site: uncheck, click "List Sites")
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Single Site Information Portlet
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View site information I

Site Location Map
(position marked by star symbaol)

Time Series Plots

Also: interactive and beta time series

RINEX file links

Lpdate map above

I Eastl up I

catZ north zlopels
T

§imm e 2004 +- 0.0 (2000,20:2007.61); rms: 0.6 mm 2007/227[cat22270.07d.2

position (mmi

2007227 /cat22270.07 0.2
2007228/cat22280.07d.2
2007 228/cat22280.070.2
2007229/cat22290.07d.2
2007229 cat22290.070.2
2007230/cat22300.07d.2
2007230/cat22300.070.2
2007231fcat22310.07d.2
2007231 /catd2310.070.2

Current Metadata

NEU Velocities

(valid date, north (mdyr), east, up, north sigma, east sigma, up sigma)

I Site H-me:glcmz_scem_cszuuu

| Four Character ID: |CAT2

IERS Domes
Number:

49728M001

cat2 2000-10-18T00:00:00 205430 -41.3890 -2.7080 0.2570 0.3310 0.7900

Monument |shallow rod/braced antenna

Description: (mount

Model terms (from SOPAC refined model)

(link will open in new tabfwindow)

Date Installed: |EUUU-UE-1 4TO0:00Z

unfilte red filtered

City or Tuwn::|A'.raInn

Country: |L.ISA

| State or Province: |Ealifc:rnia

Tectonic Plate :'|I'-.In rth America

| Latitude Morth is +: |+331 836.00

XYZ Coordinates

(date, x (m), y, Z, ¥ sigma, ¥ sigma, Z sigma)

| Longitude East is +: |—1 181948.00

| Elevation-m ellips.: |4??.EE

. | ﬂnn—hlnr'l"uru--:lTFlIMFll F KMFEFTRS

catz 2007-08-15T12:00:00 -2532493.7775 -4696708.5703 3483154.3073 0.0032 0.0051 0.0040
cat2 2007-08-16T12:00:00 -2532493.7752 -4696708.5677 3483154.3073 0.0027 0.0045 0.0035
catz 2007-08-17T12:00:00 -2532493.7739 -4696708.5723 3483154.3068 0.0032 0.0054 0.0041

T
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Geospatial Data with Time

Inter-portlet communication
used to pass information

Site Selection using

can be saved and passed on
to other portlets for

Linked with Geophysical
Modeling Applications

w

minimized.

Select Sites - click on a site to dynamically view its time series, coordinates, rinex files, etc. This
also adds the site to your site group for use elsewhere in the portal. Sites may be selected by
using a graphical bounding box on the map. Portlets such as the Overview Portlet may be

FY Community Grids Lak

Pervasive Technology Labs at Indiana University

"GPS DATA PRODUCTS FOR SOLID EARTH SCIENCE" (GDPSES) is a multi-year NASA funded project, designed to produce and deliver high quality GPS time series, velocities, and strain fields,
derived from multiple GPS networks along the western US plate boundary, and to make these products easily accessible to geophysicists. Our GPS product dissemination is through modern
web-based IT methodology. Product browsing is facilitated through a web tool known as GPS Explorer and continuous streams of GPS time series are provided using web services to the
seismic archive, where it can be accessed by seismologists using traditional seismic data viewing and manipulation tools. GPS-Explorer enables users to efficiently browse several layers of
data products from raw data through time series, velocities and strain by providing the user with a web interface, which seamlessly interacts with a continuously updated database of these
data products through the use of web-services.The current archive contains GDPSES data products beginning in 1995, and includes observations from GPS stations in EarthScope's Plate
Boundary Observatory (PBO), as well as from real-time real-time CGPS stations. The generic, standards-based approach used in this project enables GDPSES to seamlessly expand
indefinitely to include other space-time-dependent data products from additional GPS networks.

The prototype GPS-Explorer provides users with a personalized working environment in which the user may zoom in and access subsets of the data via web services. It provides users with a
variety of interactive web tools interconnected in a portlet environment to explore and save datasets of interest to return to at a later date. At the same time the GPS time series are also
made available through the seismic data archive, where the GPS networks are treated as regular seismic networks, whose data is made available in data formats used by seismic utilities such
as SEED readers and SAC. A key challenge, stemming from the fundamental differences between seismic and geodetic time series, is the representation of reprocessed of GPS data in the
seismic archive. As GPS processing algorithms evolve and their accuracy increases, a periodic complete recreation of the the GPS time series archive is necessary.

Coordinates

: GPS Explorer, Portal - Mozilla Firefox
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My Site Groups Portlet

Site Group Functions

My savedactive group(s)

My new group name:

Coordinate QGuery Options Porilet
GPS Site XYZ Coordinate Time Series Query Tool

Overview: query GPS site coordinate time series from the REASoN combination, PEO
combination and SOPAC/JPL time series.

Description: none My new group description:

Save Sites to This Group |

shown in the results area below.

Save Sites to New Group

Instructions: provide dates of interest jor use the default values below). Resulting time series

coordinates are for sites in the current site group, in the ITRF2000 reference frame, and are

Output format: site, epoch, x, y, 2, ® sigma, y sigma, Z sigma (m).

Other resources: get coordinates by bounding box | download all time series

S,

Begin Date: lEﬂU?-US—lS Y -MM-DD)

Coordinate source: I SOPAC GLOEK

My Site Group

Display coordinates |

End Date: IEUU?—DS-Z 9 YYYY-MM-DD)

Display URL of coordinates I

' pso7  poto ¥ psos

.

Coordinate Query Results Porilet

p010 2007-08-15T12:00:00 -2113926.5854 -4808510.5317 3608363.9706 0.0030 0.0056 0.0044

-4817357.6791 34724952221 0.0036 0.0063 0.0048

p507 2007-08-15T12:00:00 -2309373.5652
p505 2007-08-15T12:00:00 -2309739.5668 -4802072 4964 3493258.5800 0.0039 0.0073 0.0055
p010 2007-08-16T12:00:00 -2113926.5862 -4808510.5312 3608363.9702 0.0034 0.0065 0.0050
p507 2007-08-16T12:00:00 -2308373.5665 4817357 .6753 34724952219 0.0037 0.0068 0.0050
pe05 2007-08-16T12:00:00 -2309739.5694 -4802072 4952 3493258.5806 0.0040 0.0075 0.0056
p010 2007-08-17T12:00:00 -2113926.5862 -4808510.5363 36083639772 0.0034 0.0067 0.0050
pe07 2007-08-17T12:00:00 -2309373.5649 -4817357.6633 34724952216 0.0041 0.0075 0.0055
p505 2007-08-17T12:00:00 -2309739.5673 -4802072.5021 3493258.5800 0.0049 0.0092 0.0068

p010 2007-08-18T12:00:00 -2113926.5836 -4808510.5310 3608363.9737 0.0036 0.0068 0.0052

-

Combines

Series

Clicking
on sitein
SOMI shows
information and
adds site to
analysis group

bounding box,
metadata
criteria, etc.

Selected sites

processing

Allowing Direct
Interaction
between
Modeler
&

Data Provider via
Data Analysis &
Modeling Portal

- Saved site groups are

available througout portal.

- User-customizable - can
close portlets.

- Map position and
displayed layers are
retained throughout.

REASON processes all sites in
western North America, back
to 1990 (~1000) and can layer
with other time series, such as
PBO, for comparison.

2b.View Timeseries

GPS Explorer, Portal - Mozilla Firefox

View History Bookmarks Help delicio.us
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Coordinates - coordinates may be displayed for different sources, including PBO,
for sites in user-defined groups. A URL is provided to allow downloading of the
selected data to afile.
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Velocities

View History Bookmarks

Help del.icio.us
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S0OMI for Portals Portlet

My Site Groups Portlet File Edit WView History Bookmarks Help del.icio.us

GRS Explorer Fortal - Mozilla Firefox

Strain

Tool development, implementation, and

This project is funded by the
National Aeronautics and Space Administration

output functions are being extended.

HORIZONTAL STRAIN 2006.7712

242 243 244°

Site Group Functions
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Layers:
O¢|

Fy

o]

: Salect All :Desele-ct AII:

Morth America Vels

Pacific Vels

CGPS Stations

Active RTGPS

SOPAC North
America Vels

SOPAC Pacific Vels

JPL North America

JPL Pacific Vels

PBO SNARF Vels

My saved/active group(s)

Description: none

Save Sites to This Group I |

MNew group

X GPS Explo

resources: getlting started | request features | report bugs | fag | reason.scign.org

rer @ (required)

My new group name: I

My new group description:

Welcome, paul jamason

Save Sites to Mew Group

My Site Group

N

Layers: :Selecl:ﬁ.ll: :Deselectﬁ.ll:

North America Vels

I pso7 ¥ po1o ¥ psos

CGPS Stations

Active RTGPS

Geodetic Marks

reference frame.

sigma, site code

Options: F s GMT format

Velocity source: I SOPAC GLOBK ‘Display velocities!

Velocity Query Results Portlet

Other resources: get velocities by bounding box, or flat files of all sites in the reason combination | sopac globk | pbo final combination (gmt format)

Display URL of velocities I

monp -116.4224 32.8919 1994-04-02T00:00:00 14 6710 -
-117.8034 33.6179 1994-06-04T00:00:00 157970 -
-117.0646 33.5782 1997-11-19T00:00:00 11.5040 -
-117.0646 33.5782 1999-10-16TO0:00:00 14.1 350 -

116.4224 32.8919 1999-10-16T00:00:00 16.2740 0.0000

-117.2504 32.8647 1993-07-09T00:00:00 16.8010 -39.2620 0.1530 01820 0.2770 0.¥730

38.1150 -1.0230 0.3370 0.5020 1.3070
36.8110 29960 0.7110 09600 2.1850
36.6860 -1.8570 0.3000 0.4030 0.8420

38.6580 -1.2870 0.3320 0.2550 0.5610

-117.8034 33.6179 19931 0-16T00:00:00 172810 -38.6920 -1.2640 02410 0.3610 09570

0.0000 02750 0.0000 0.0000

-116.9726 32.5794 2000-10-12T00:00:00 17.5230 -40.1000 01450 02710 0.3590 0.7930
-117.7441 33.7655 2002-05-31T00:00:00 159540 -39.8650 -5.3180 0.3300 0.4590 1.1730
-117.2497 32.8407 2002-06-10T00:00:00 17.6610 -41.4240 -4.9120 0.3210 0.4700 1.1430

-117.0418 331306 2000-02-09T00:00:00 17.1530 -39.2760 -0.1160 02350 0.3060 0.7560

Instructions: query NEU GFS site coordinate time series (WGS84 datum) from the REASoMN combination, FBO combination and SOPAC/AIPL time series, for the sites in the selected group above. The first
available reference epoch is given.

Motes: not all sites are available for all sources; S0OFAC GLOBK site velocities may have more than one value if a seismic event has changed the velocity at the site; FBEO velocities are in the SMNARF

Default output format: site code, last epoch, north, east, up (miyr), north sigma, east sigma, up sigma. GMT format: site code, nominal site lon, nominal site lat, east, north, up, east sigma, north sigma, up

Recent Earthquakes
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Time Series Plot Portlet

REASoN Combined GPS Site Position Time Series (ITRF 2000)

Time series resources: query coords | coord tar files | forum | offsets xml file

View History Bookmarks

X GPS Explo

resources: getting started | request features | report bugs | fag | reason.scign.org

Help delicio.us

Velocities - vector layers are available for the REASoN combination, SOPAC
and PBO. Velocities for saved sites groups may be viewed/sent to url and are
available for multiple sources.

GPS Explorer Portal - Mozilla Firefox
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Java Applet Window

En

| Clear || Feset Axes || Print || Help || Model Terms || Plot Toal

pd 20 narth slapefs) imm Ppeed: 408 +- 0.3 (2004 458:2007.59); rms: 2.3 mm

position (mmn

position (mm)

position (mm)
Ry

]

pd20fcomb/fItil8 -

pd 20/ sopac/flt/2.0

p420/phofi23 -

-

| pd20fcombifitit4 .
pd20fsopacfity2.1
pd20/pbafi2s .

]

pd20/comb/flti3l
pd 20/ sopac/fit/3e -
pd20/pho/i4d .

Plot Controls

Detrend/ Offsets:
Show Coseismic
Residuals:

Select Sites

zame fite: double-click

pd 20 -
pd21 |
p423
p4 26
pd27
p4 28
p429
p430
pd31
pd432
p435
pd 36
pd 35
p439
441 a
pdd 2 =

Select Plot Source

SOMI for Portals Portlet

Query:

Target
Layer:

Features in Map Extent:

Mode:

Selected

Feature:
Latitude:
Longitude:

Basket:

Time Series Plots (Beta) Portlet

Begin Date (YYYY-MM-DD): IEUUU-US-lS

Coordinate source: ESDF‘AC GLOBK

End Date:EUUF-UE-EEi
site code: |.:n12 Show Plots

| CGPS Stations |

| Box Remove|

]

1

comb filtered
comb unfiltered
UPL filtered

UPL unfiltered
SOPAC filtered
SOPAC unfiltered

PEQ official

Close

3,483,1544 -

3483,154.2 3 e ®

3,483,153.8 |
3,483,153.6 -
3,483,153 -
3,483,153.2 -

3483,152.8 -
3483,152.6

12,532,493.56 -
12,53249358
-2,532,493.6 -
12,532,493.62 -
12,532,493.64 -
12,532,493.66 -
12,532,493.68 -
-2,532,493.7 |
12,532,493.72
12,532,493.74 -
12,532,493.76 -
12,532493.78

14,696,708.4 -
14,696,708.5 -
14,696,708.6 -
1 4,696,708.7 -
14,696,708.8 4
| 4,696,708.9 -

-4,696,709 -
-4,696,709.1 -
-4,696,709.2 -
-4,696,709.3 -
-4,696,709.4 |
-4,696,709.5

-

S,

3483,154

3,483,153

Oog _
-0;  91-0;

=T =Tg
0l.g, 01 0l.g; " Ol-g;

Time Series Applet - north/east/up time series for various sources, including
PBO may be displayed and layered for multiple sites.

Time Series Beta - clicking on a site on the map will display its xyz time series.
time series will be added.

cmm: coming soon -
Inclusion of earthquake
events

3b. On your own platform

-122°

37

31"+
-122°

Crustal Motion Model Portlet

Overview: calculate epoch-specific coordinates for any location, using a crustal motion

Instructions: enter your starting date, 1at, lon, ht and reference epoch; also include your
output date. Latlon/ht and xyz values will be returned for the output date.

InputDate:IEﬂU?—UEi—ﬂS (YYYY-MM-DDY OutputDate:IEGUﬂ—Ul—Ul YYYY-MM-DD)
Input Lon:l:ll?.0514?E {decimal deqg)

Input Lat: |3 3.5713116. (decimal deqg)
Input Ht: IEJ.U (m)

iCalculate position at output date | |

Results: (decimal year date, x, y. z, 1at, lan, ht)
2000.0014 -2420177 5644 -4737293.4129 3506927.0432 33.5713104208222
-117.06147577154 -0.002297272905707 36

[ [

242’ 243’ 244°

-0.5 0. 05 10 15 20

Rotatlon rate from NASA REASON data set (cGPS)

-120°0 -119°

*}

WO
e X R
3T N !,.._ .

L

34

e 18.00 »

-—
* 12.00 »

150 2.25 3.00
Rotatlon rate, 109" yr-’

000 0.75
deg/Myr

Submit your data:

contacting us.

NASA REASON data set (cGPS)

-122° -121° -120° -119° 118" -117 -116" -115" -114
EB“ — P | I | 1

i 5 1 [ i 5 i 1 i 5 1 1 i 5 i EB“

k it ‘

s T
y

. a7
:— 36°
:- 35°
- 34"

- 33°

- 32°

31’

T o
-122° 121" -120° -119° -118" -117 -116" -115 -11&4

50 mm/yr (90% conf)

——
o 10 20

30 40
Surface Vel Mag (mm/yr)

Examples courtesy of Carl Tape, Caltech
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3. Filter and Model Timeseries
3a. Within GPS Explorer

GPS Explorer Portal - Mozilla Firefox

File Edit WView History Bookmarks Tools Help del.icio.us

st_filter: coming soon -
Ability to allow offset input
and removal from time
series for improved
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Welcome, paul jamason

Welcome

Overview: Regionally filter time series data by applying a principal component analysis. Various terms identified by the analysis may be removed in the residual data, such as secular motion and seasonal

® Selecting a site group in the "My Sites Portlet" will assign it fo the "Filter Time Series" portlet. Enter a name for your filter job, and selectdates and other options. Press the "Filter time series" button,

which launches the job. The status of the job is shown in the "Filter Time Series Jobs" portlet.

® Once the job is complete, you can view the results by pressing the "load"” button in the jobs portlet. This will display the northieastup filtered time series plots in the "Show Filtered Time Series" portlet,
and north/east/up layers displaying the magnitude of the first principal component at each site in the "SOMI For PCA" portlet.

Already know this? You can minimize this portlet (and any other portlet) by clicking on the minimize button in the portlet title bar.

Overview Portlet

= O

G

Site Group Functions

Instructions: 1) st_filter requires a minimum of & sites. Additional sites may be required ifdata are

missing: please check the values used for the minimum site-specific data percentage, and

My savediactive group(s)

stfl

Description: none

New group

My new group name:

My new group description:

Save Sites to This Group I

Save Sites to Mew Group

minimum sites per day percentage. 2) st_filter requires at least 3 years of data.
Resources: st filter (OCA) tutorial

Site group: IstFl

Enddate:EDDF-DE—EEi Y -MM-DD)
Decomposition: IF-‘I:A j

Job name: I

Begin date: IEUUA'I--Ul—Ul Y'Y -MM-DD)

Coordinate source: I SOPAC GLOBK j

Job type: Iregiunalﬁltering j

My Site Group total sites:

Minimum sites per day percentage:

FLSLU

Minimum data per site percentage:

F bt [ trak
F manp = oghs

|""_ [al=Tals |‘-"_ Mnsss F 503 |‘-"_ zio5

Fill small data gaps: Iyres j
Referance frame: IWGSSd j

Fill big data gaps: Iyres j

Refarence coordinate: IgendeticEDDS.ﬂ j

Selectterms to be removed in residuals

Fbias term Fsecular motion

Fannualterms Fsemi annual t2rms

|_jurr1p terms I user defined harmonic terms

rSpIine function terms rglnbalquaﬂratic terms

rglnbalcubic terms I modulation terms

| I postseismic decay terms l I local polynomial terms

Filter time series |

Retrieved time series plots

E: Filter Time Series Jobs = O
Select Status
load | delete I stflb completed
load | delete I stfla completed
2

Show Filtered Time Series

Mifor PCA Pertlet

55l somwroronr &0

| Select All| [Deselect Al

Fault Lines
CGPS Stations “
Active RTGPS

N_EV_ pjamason_stifib
E_EV_ pjamason_stiib

V_EV pjamason_stiib

REASON uses xml standards for data exchange via web
services. You can submit and display your data by

Filter Time Series - regionally filter time series data for your site group by
applying a principal component analysis. Various terms identified by the
analysis may be removed in the residual data. Launch and monitor jobs, then
view the resulting residual time series and first principal component maps.

File Edit
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View History Bookmarks Tools Help delicio.us
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Logout —
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RDSiteGroupsPortlet

RDAHMM Portlet = O

Site Group Functions

|He3 ults

|Input Parameters

Savediactive group

My saved site groups: | stfl

H

My saved RDAHMM pmjects:l j

Coordinate Source || REASoMN combination j

||ZGIU4-GIl-CIl

My Site Group

||zuus-u1-m

C oghs

L2 Bill » trak * oeoc C nsss r zio3 # siob - monp

Mumber of Mode| States ||5

Save this asl

Input File

Range

Optimal State Sequence File ()
Made Initial State Probability (P1)
Mode| Transition Probability (A)

Minimum Yalue

S,

Maximum Value

Model Log Likelihood (L)
Mode | Cutput Distribution (B}
Plotof X Values

FPlotof ¥ Values

Flotof £ Values

it RDAHMM Display =0
I Plot of X Values
Baze walue i=s: -24268420.5411 ———
B85
N e L 7 T MMJAM =
: VAt M o 4
£ @.04 _‘f’f}uw e M
m
: T Se %
: AT
[
o @.82 'II']ri
O R LT b
| 2
B
—B.@z2 L
168 26g EE -

RDAHMM - this time series modeling tool identified distinct periods in time series
data.Time series are segmented into discrete modes according to the properties of
the data. These modes are described by the statistics of the observations




