
PBO: 
A Multi‐Use Geodetic Network

Chris Walls
Plate Boundary Observatory, UNAVCO

USSLS Regional Meeting 
Sacramento, August 24, 2011



• UNAVCO/PBO

• Data Products

• What Impacts Data 

• Uses of GPS Data

Talk Summary

Presenter
Presentation Notes
Explain a little of what UNAVCO does and what instrumentation PBO uses
Data – discuss how we get data from its raw form, through the archives, processed and to the  end user including realtime data.
Impact – Show what can impact GPS data and the timeseries from vegetation to human error or vandalism
Uses – A few examples of what we use GPS data for in tectonic and other studeis
  



UNAVCO Consortium
UNAVCO, a non-profit membership-

governed consortium, facilitates 
geoscience research and education using 

geodesy.

Currently there are 149 UNAVCO Members
(87 Full Members, 62 Associate Members)
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UNAVCO Services and Technologies

UNAVCO Support
- Engineering Services
- Small and Large network Installation,
- O&M
- Development and Testing
- Equipment Pool
- Data Management and Archiving
- CyberInfrastructure
- Education and Outreach

Technologies - A Growing Geodetic “Toolbox”
- GNSS (GPS, GLONASS, Galileo)

with ancillary meteorological instruments
- Borehole Strainmeters and Seismometers
- Accelerometers
- Borehole Tiltmeters
- Geodetic Imaging
- Terrestrial Laser Scanners
- Airborne Laser Swath Mapping project support
- InSAR Data Archives (WInSAR/EarthScope)
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Presentation Notes
UNAVCO archives over 2000 active permanent stations around world including polar regions.








UNAVCO Instruments
GPS: 2000 Continuous , >2000 Campaign

6 Laser Strainmeters
75 Borehole Strainmeters 
and Seismometers

28 Shallow Borehole
Tiltmeters

5

Presenter
Presentation Notes
UNAVCO uses other equipment besides GPS 
Tiltmeters common in volcanic settings
LSM mostly along the san andreas fault



EarthScope & Partners

Three Observatories: Plate Boundary Observatory, US Array, SAFOD

The data collected by EarthScope’s three observatories will help us to 
understand processes that control earthquakes, volcanoes and the 

structure of the North American Continent.

EarthScope is funded by the National Science Foundation and conducted in partnership 
with the US Geological Survey.

EarthScope is being constructed, operated, and maintained as a collaborative effort 
with UNAVCO, IRIS, and Stanford University, with contributions from NASA and 

several other national and international organizations.
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Presentation Notes
3 Observatories
PBO - Geodetic
US Array – transportable seismic array
SAFOD – San Andreas Fault Observatory at depth – drilling into the san andreas at 3km and intersect the fault.



Plate Boundary Observatory

Presenter
Presentation Notes
1100 CGPS – 875 built from 2004-2008 and 225 adopted from existing networks and upgraded to PBO specifications (receiver, communications, power systems).



Deep Drilled‐Braced Monument



Short Drilled‐Braced Monument

Presenter
Presentation Notes
NetRS receiver – collects 3 different types of data
1 sample each 15 seconds used to create timeseries and velocities
1 sample each second used for Real-time telemetry, earthquake earlywarning prototype systems, and differential positioning for Lidar and other surveying applications.
5 samples a second for ground motion studies
The 1 hz and 5 hz data are downloaded as needed or after large earthquakes
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Presenter
Presentation Notes
Data – discuss how we get data from its raw form, through the archives, processed and to the  end user.
  



Archiving and Analysis Centers

Presenter
Presentation Notes
Where is PBO data archived?
UNAVCO archives the GPS data.
Where is PBO GPS data processed/analyzed?
GPS data is independently processed by CWU (using JPL's GIPSY software) and New Mexico Tech (using MIT's GAMIT software), 
These ACs produce GPS station position solutions on a daily basis using rapid orbit products (“rapid” solutions), as well as with about 14 days latency using the final orbit products (“final” solutions). The ACs send both the rapid and final solutions to the PBO Analysis Center Coordinator (ACC) at MIT. The rapid and final products are available separately from the PBO GPS Archives with latencies of about 24 hours and 14 days, respectively.   The combined timeseries solution produced by MIT (SNARF, IGS05, IGS08). 
What role does JPL and SOPAC have for PBO data? 
SOPAC archives PBO GPS data and thus serves PBO data to some users who are used to getting their data from SOPAC rather than UNAVCO.  JPL, SOPAC and UNAVCO are still working on a "seamless archive" project to allow each institution to be able to see their combined data holdings and to make these data available through current data access tools.  In other words, users familiar with JPL data access tools (for instance) can use them to access data that reside in any of the three archives.  




Raw and RINEX Data

Site Metadata & Logs

SINEX

Time Series

GPS Data Products

Velocities

25 mm/yr



Thorsten Becker, 2010

PBO Level 2 GPS MIT Station Velocities
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Presentation Notes
Flagship product of the Plate Boundary Observatory.  



PBO’s 293-Station Realtime GPS Network

Presenter
Presentation Notes
Out of 1100 PBO GPS stations 293 are realtime.  This number will increase as we move forward.



Timeline of PBO Realtime GPS Activities
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A little bit of history



Timeline of PBO Realtime GPS Activities

UStream data format and capacity problems

VRS3Net stability and capacity problems

Presenter
Presentation Notes
A little bit of history
2007 Stark consulting developing Ustream at a $37k cost.  As we loaded it we realized it had capacity problems and there were limited data formats.
In 2010 we implimented VRS3Net which was unstable at first.  Since working with Trimble on the glitches the system has improved
BINEX
Streaming RTCM 2.3 (C1, P2, L1, L2), RTCM 3.1 (C1, P2, L1, L2, S1, S2)





Realtime GPS Statistics

Realtime GPS Network Performance

Completeness stable around 90%, latency increasing as we load the current 2-
server system.  Additional hardware is waiting to be racked.
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Presentation Notes
For all stations the network is stable around 90%.  Latency is increasing as we load the 2 server system….to have equipment added.



Latency by Carrier
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Impact – Show what can impact GPS data and the timeseries from vegetation to human error or vandalism
  



P474 – Example of Good Data Quality
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Example of what we consider good data quality



State of Health and QC Statistics



Timeseries

Baja
~4mm



Vegetation ‐ P561

(78.30%)

[0.72/0.84]

Presenter
Presentation Notes
P561 near SAF north of Los angeles.  Dense chaporal and oak trees cover much of the area.  Grumpy attorney owns the trees beyond the property line.  This is a mortified Shawn Lawrence.  V. high cycle slips, an V. high multipath.



AB14 Dillingham Recon

Fissures

Presenter
Presentation Notes
This feature here would be what Tom Rockwell would say is a landslide that is intuitively obvious tot the casual observer.  Obviously we don’t want to measure slope instability so we wouldn’t put a site here.  But what about on the ridge top.  We may deal with a non-tectonic unloading or rebound effect or perhaps even some opening along these fissures.  



AC55 – top of slump

AC55

Basset

Presenter
Presentation Notes
Here’s an example where someone didn’t get the memo and made a mistake: and sited, reconned, permitted, used a helicopter to transport equipment, construct the site, integrate it into data flow only for us to realize after the fact that an error had been made.  



AC55

Vegetation lineament may be fissure

West

?

Same 
structural 
block
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Presentation Notes
and sited, reconned, permitted, used a helicopter to transport equipment, construct the site, integrate it into data flow only for us to realize after the fact that an error had been made.   Perhaps it was very foggy during the reconnaissance.  



http://sopac.ucsd.edu/cgi-bin/plotTimeSeriesServlet.cgi?site=trak&filter=flt&rmTJ=yes

TRAK

Larson, 2011
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5mm aplitude in seasonal signal
 over 1 cm in vertical



Subsidence – S. San Joaquin Valley

Lots of decorrelation in agricultural areas
InSAR date range = 1.25 years

Presenter
Presentation Notes
InSAR image of southern San Joaquin Valley showing the distribution of PBO site tolerance radii with respect to areas of suspected vertical deformation.  White line 230 mile long profile from central california coast across san andreas, san joaquin valley sierras and eastern california shear zone.  Stars represent built stations.  Blue ellipses represent sites that were relocated outside of their tolerance radii to avoid extensive subsidence.  Yellow ellipses represent sites where the station was positioned away from the subsiding area  but still within the original buffer.  White ellipses show sites where the subsidence was taken into consideration when determining station spacing.  Note the two elongate bull's-eyes southwest of P563.  These are the Elk Hills and Beuna Vista oil fields where hydrocarbon extraction is causing aerially extensive subsidence.




• “LightSquared's proposed MSS transmissions would affect most, if not all,  
high‐precision GPS/GNSS receivers such as those in use by UNAVCO and its 
community.” 

LightSquared?
Freddy Blume (UNAVCO) served as a technical advisor to the "High Precision, 
Timing, and Networks Sub-Team" of the FCC Technical Working Group

Presenter
Presentation Notes
The attached appendix purports to show tracking and position errors in the Las Vegas Valley Water District's CORS network (http://www.lvvwd.com/eng/references_gps.html).
On May 19 CORS station NVBM (26 Km. from Site 53) lost track and was not able to track GPS satellites beginning just before 3:00 am (DOY 139.42) to 5:00 am (DOY 139.50) PDT. CORS Station NVLM (12 Km. from Site 53) was also not able to track GPS satellites during the same time period as shown in Figure 3



Presenter
Presentation Notes
Vandalism can effect data.  Out of 455 station in the SW region we deal with about 10 instances of vandalism year.  Sometimes it’s obvious it just kids smashing the panels, other times they bring tools and cut the enclosure post down or just clean out the contents (receiver, communications, batteries).  Aside from the total loss of equipment if the power is affected it can shut down and not collect data. 
This site’s dome was cooked off during an eruption.  
This site’s dome was cracked off and removed from ice loading.  






Presenter
Presentation Notes
This site is on the flank of Augustine Volcano in Alaska and was flatten with the dome, antenna and mount sheared away from a pyroclastic flow. 
Snow, rime ice and ice loading is a constant issue at high elevation stations.  Aside from the station actually getting buried large snow drifts can block radio communications and thus ceasing daily downloads and our ability to monitor the station health.



Presenter
Presentation Notes
This is what we’re after.  Nice open examples with no snow, no vegetation.  




• UNAVCO/PBO

• Data Products

• What Impacts Data 

• Uses of GPS Data

Talk Summary

Presenter
Presentation Notes
Explain a little of what UNAVCO does and what instrumentation PBO uses
Data – discuss how we get data from its raw form, through the archives, processed and to the  end user.
Uses – A few examples of what we use GPS data for in tectonic and other studeis
Impact – Show what can impact GPS data and the timeseries from vegetation to human error or vandalism
GPS Near SONGS – Show a sample of data quality of stations in the vicinity fo SONGS
  



Tom Herring, 2010

Earthquake applications of PBO GPS data

Presenter
Presentation Notes
A Map of coseismic offsets from the rapid PBO and USGS solutions two days before and two days after the mainshock, complete with error ellipses, derived by Tom Herring at MIT.



Tom Herring, 2010

Earthquake applications of PBO GPS data

Presenter
Presentation Notes
Displacement of 75 mm to the South, 10 mm to the East and 20 mm in the vertical at station P744.  These displacements help us assess how the static stress field has changed: what faults are loaded even more and which one have some stress relieved.  





Tom Herring, 2010

Kristine Larson, 2010

Earthquake applications of PBO GPS data

Presenter
Presentation Notes
In addition to measuring large-scale displacement associated with sudden (5-60s) or slow (days-months) slip at depth, GPS is capable of seeing surface displacements associated with the seismic body and surface waves emitted at the time of fault rupture and traditionally recorded as accelerations by seismometers.  





Yehuda Bock & Sharon Kedar, 2010

Kristine Larson, 2010

Emore et al., 2007

Earthquake applications of PBO GPS data

Presenter
Presentation Notes
In addition to measuring large-scale displacement associated with sudden (5-60s) or slow (days-months) slip at depth, GPS is capable of seeing surface displacements associated with the seismic body and surface waves emitted at the time of fault rupture and traditional recorded as accelerations by seismometers.  These waves travel around and through the entire earth and hence can be detected by GPS instruments far from the earthquake.  Their values is in extending to lower frequencies the record of oscillations recorded by seismometers.




Transient motion associated with faults

40

Parkfield Earthquake

Episodic Tremor and Slip

HUNT

Presenter
Presentation Notes
Two examples of time-dependent deformation in western North America.  The blue vectors are steady surface motions measured by GPS; 
The bottom inset shows the ground displacement, in north and east, at a GPS station HUNT located 1 km NE of the SAF during the 2004 Parkfield, California, magnitude 6 earthquake,  The co-seismic displacement was  5 cm and the viscoelastic relaxation of the crust over the next six months was almost as large.  It is the shape, spatial distribution, and decay time of the post-seismic signal that gives valuable information about the composition and properties of the crust and upper mantle.  
The top inset is a product of slip at depth on the interface between the subducting Juan de Fuca plate and the North American plate in Cascadia.  The events occur periodically every 13-16 months and span a period of 1-2 weeks.   “episodic tremor and slip” (ETS).  Tremor and slip have now been seen in other subduction zones (northern California, western Mexico, and Japan), but without periodicity.  



Off Fault Deformation

Geologic versus geodetic deformation adjacent to the San Andreas fault, central California: Sarah J. Titus1,†, Mark Dyson1, Charles 
DeMets2, Basil Tikoff2, Frederique Rolandone3, and Roland Bürgmann, Bulletin, June 2011.

Presenter
Presentation Notes
The Central Coast Ranges along the San Andreas is in an area where at first glance the GPS velocities appear to be parallel to the San Andreas but you can see some oblique convergence of the Sierra Nevada and Great Basin.  The 1983 M6.4 Coalinga and 2003 M6.7 San Simeon were thrust events had opposite vergence on both sides of the San Andreas and so clearly there active shortening in the Coast Ranges.  

Titus et al. June 2011 combined geologic and geodetic data to assess the amount of fault perpendicular motion.  
Using GPS velocity gradient from 150 GPS sites they used two separate reference frames (Sierra Nevada-Great Valley block and the Pacific Plate) to demonstrate that both fault-perpendicular and fault-parallel motion is accommodated away from the major strike-slip faults.  From their results off-fault permanent deformation may accommodate up to 10% (4-6 mm/yr) of the modern fault-parallel plate motion and 3–5 mm/yr of fault-perpendicular motion alongside the creeping segment, where elastic strain is minimized. 



Volcanic Deformation

42

Volcanic

Signals

Sierra Negra, 

Galapagos

Time

Dennis Geist, U. Idaho

Presenter
Presentation Notes
GPS can be used to monitor the inflation and deflation of magma chambers beneath volcanoes, or deformation caused by movement of fluids in geothermal and oil and gas fields. Vertical motions are usually the largest, but horizontal motions can also be significant. 
Sierra Negra is the largest volcano in the Galapagos and last erupted in 2005.  Here you see vertical movement of 8 cm over 6 hours. 
A challenge for GPS researchers has been the potential for destruction of the equipment (and I’ll show examples later), so in some cases we’ve used less accurate and less expensive receivers and antennas for monitoring volcanoes.



Influence/Measurements of the Atmosphere

43

Atmospheric Measurements
• Precipitable Water Vapor (PWV) derived from 

GPS signal delays
• Assimilation of PW into weather models 

improves forecasting for storm intensity

White, 2010

Presenter
Presentation Notes
The NOAA Forecast Systems Laboratory (FSL) has been continuously calculating integrated atmospheric precip- itable water (IPW) from GPS signal delays since 1994. Using rapid orbit information, these data have the accuracy required for use in a numerical weather prediction model through data assimilation.






Measuring Snow Depth?

Larson, 2011



Snow Depth

Larson, 2011



Snow Depth

Larson, 2011



Airborne Lidar

K. Hudnut



P612 Base Station B4 Lidar



Tripod Lidar Scanner ‐ TLS

Presenter
Presentation Notes
The scanner was tilted at an angle so don't look too carefully at the heights or your head will hurt! Note the lidar "shadows" on the ground cast by the sage brush - this is due to the flat topography at this site and the inherent low angle lidar scanning vantage. You can clearly see a barbed wire fence behind the site in some of the angles. 



Central Valley Spatial Reference Network

**3 Active Caltrans sites

Central Valley Spatial
Reference Network

“CVSRN”

Cardoza

Banister: P056, P300, 
P302, P304, P566



Baja Earthquake Response

Presenter
Presentation Notes
GPS results from these far field stations will give us an indication of the viscoelastic properties of the crust and aid the assessment of how fault are loaded and ultimately fail in an earthquake.



COCOnet



Questions?



http://sideshow.jpl.nasa.gov/mbh/series.html

http://geon.unavco.org/unavco/UNAVCODataViewer.php

http://sopac.ucsd.edu/maps/index.html

Data Portals

Presenter
Presentation Notes
UNAVCO manages data from over 2000 active permanent stations but a handful of the Nucleus/SCIGN sites are only available from SCRIPPS or JPL
Data from over 2000 receivers have been analyzed at the Jet Propulsion Laboratory
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Real‐Time P475 Point Loma

P475

Serves:
SD County
SD City
Caltrans
CRTN
(<0.2s/100%)



Other Issues

1. Use of realtime latency and completeness data to troubleshoot the 
realtime network.

• Historical completeness/latency data will be stored in the PBO Operational 
Database (POD).  Software development team is finishing up this step.

• Email notifications of problem stations (e.g. completeness < 85%, latency > 
2.0 s over 24 hours) will go to all field personnel.

• PBO webpages will have region-sortable color-coded realtime SOH displays 
covering the previous 7 days.

2. Expected performance of the network and data distribution system 
in the event of a large earthquake within the PBO footprint 
(particularly in Cascadia). 

• Because of the real time nature of this dataflow, users who aren’t on the 
system at the time of an earthquake will miss it entirely and will not load the 
system immediately afterwards.   Outgoing bandwidth is not currently a 
bottleneck.

• Dataflow robustness after heavy shaking is not known.  Expect better 
performance than cellular voice traffic, but if we are skipping epochs 
systemwide, realtime positioning will be unstable for many of the current 
algorithms.

3. UNAVCO’s realtime GPS and high-rate GPS strategies are linked.  
We can use them together to achieve more than either alone.  



Realtime GPS Statistics

Data Usage

Since switch to VRS3Net system in 7/2010, 
there have been 40 unique users of PBO’s 
realtime GPS streams and 35% of streaming 
data delivery has been in BINEX.

Topcon Testing

Presenter
Presentation Notes
Since July 2010 there have been 40 unique users with 35% using Binex.



Realtime GPS Dataflow

Original Schematic for UStream-based Realtime GPS Dataflow



Realtime GPS Dataflow

Original Schematic for UStream-based Realtime GPS Dataflow
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