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OPERATIONS and PROJECT DETAILS 

UNAVCO provides support for equipment, project planning and budgeting, proposal 
writing, and training in all aspects of GPS campaigns.  Field engineer support for 
assistance in deployment and monument construction is also available, although 
the PI is responsible for travel and material costs. Data collected will be archived at 
the UNAVCO Facility, and processing of the data through PBO analysis centers can 
be arranged by special request. Contact support@unavco.org for more information, 
and go to our website (http://www.unavco.org) to submit an online request for 
support.

AGU Fall Meeting, 2008 

Please visit the UNAVCO exhibit for equipment and software demonstrations. 

Tectonic and earthquake research in the US has experienced a 
quiet revolution over the last decade precipitated by the 
recognition that slow-motion faulting events can both trigger and 
be triggered by regular earthquakes. Transient motion has now 
been found in essentially all tectonic environments, and the 
detection and analysis of such events is the first-order science 
target of the EarthScope Project. Because of this and a host of 
other fundamental tectonics questions that can be answered only 
with long-duration geodetic time series, the 1100-station 
EarthScope Plate Boundary Observatory (PBO) network was 
designed to leverage 445 existing continuous GPS stations 
whose measurements extend back over a decade. The 
irreplaceable recording history of these stations will accelerate 
EarthScope scientific return by providing the highest possible 
resolution. This resolution will be used to detect and understand 
transients, to determine the three-dimensional velocity field 
(particularly vertical motion), and to improve measurement 
precision by understanding the complex noise sources inherent in 
GPS.

The PBO Nucleus project supports the operation, maintenance 
and hardware upgrades of a subset of the six western U.S. 
geodetic networks until they are subsumed by PBO. 
Uninterrupted data flow from these stations will effectively double 
the time-series length of PBO over the expected life of 
EarthScope, and has created, for the first time, a single 
GPS-based geodetic network in the US. The other existing sites 
remain in operation under support from non-NSF sources (e.g. 
the USGS), and EarthScope continues to benefit from their 
continued operation. On the grounds of relevance to EarthScope 
science goals, geographic distribution and data quality, 209 of the 
432 existing stations were selected as the nucleus upon which to 
build PBO.

Conversion of these stations to a PBO-compatible mode of 
operation was begun under previous funding, and as a result data 
now flow directly to PBO archives and processing centers while 
maintenance, operations, and metadata requirements have been 
upgraded to PBO standards. At the end of this project all 209 
stations have been fully incorporated into PBO, meeting all 
standards for new PBO construction including data 
communications and land use permits. Funds for operation of 
these stations have been included in approved budgets for PBO's 
Operations and Maintenance phase. 

The data from these stations serve a much larger audience than 
just the few people who work to keep them operating. This project 
is now collecting the data that will be used by the next generation 
of solid-earth researchers for at least two decades. Educational 
modules are being developed by a team of researchers, 
educators, and curriculum development professionals, and are 
being disseminated through regional and national workshops. An 
interactive website provides the newest developments in 
tectonics research to K-16 classrooms. 
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PBO Nucleus Network Configuration 
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16 upgrades completed 

44 upgrades completed 

84 upgrades completed, 1 remonumentation 

48 upgrades completed, 1 remonumentation 

14 upgrades, 3 remonumentations 
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THE PBO NUCLEUS NETWORK 

Above: The relationship of PBO Nucleus Stations (orange circles) to new PBO construction 
shows the integral nature of the network both geographically and scientifically. 

 The 209 GPS stations of the PBO Nucleus network were supported by a 
grant from the NSF EarthScope program through September, 2008.  Under 
earlier funding, operations, maintenance, and data handling were primarily the 
responsibility of six independent network operators, funded via subawards.  
The Nucleus project centralized these tasks, as well as equipment purchases, 
oversight, and planning of the future of the network under the coordination of 
the UNAVCO Facility.  Prior to September 2008, data flow, archiving, and 
analysis for all of these stations had undergone a user-transparent transition 
to the UNAVCO archive, and a great deal of progress was made in laying the 
foundation for the transition of these independently operated networks into a 
single, coherent entity suitable for integration into PBO. 

 By October 2008 all 209 stations had been upgraded with Trimble NetRS receivers, 
IP-based communications, and improved power systems and monumentation as necessary.  
Although not supported by Nucleus funding, existing real-time high rate operations at some 
stations will be preserved and developed using independently provided telemetry.  The 
upgraded stations are fully integrated by the PBO Data Flow and State of Health monitoring 
systems, including the UStream nTrip server. 

 The success of Nucleus is the result of a large collaborative effort involving all participating 
institutions and PBO personnel in addition to the project staff at the UNAVCO Facility. 

• Operations and Maintenance 
  To run the PBO Nucleus network we needed support for power 
and telemetry systems, replacement of failed equipment, and the 
personnel to monitor performance and make repairs as needed.  The 
O&M budget also included the costs of equipment upgrades, to be 
performed by the UNAVCO Facility, usually at times when 
equipment failures necessitated repairs. 
•  Equipment Upgrades 
  In order to meet the primary goal of integrating the Nucleus 
network into PBO, we upgraded the existing aging and obsolete 
receiver types and telemetry systems to the PBO standard of 
IP-based communications and Trimble NetRS receivers. 
• Data Management 
  The PBO Nucleus was intended to serve as the proving ground 
for PBO efforts to make the data stream and analysis 
scale-independent, and to provide automation of all stages of quality 
control, archiving, analysis, and data products.  Data from the 
Nucleus stations were some of the first to be handled by the newly 
developed PBO data management system.  As a test case, they had 
the added advantage of receiving focused attention from scientists 
close to the data. 
• Station Permits 
  The permits for the PBO Nucleus stations were 
inhomogeneous in their terms, duration, costs.  This needed to be 
corrected by the time PBO took over administration of the network.  
We worked with the PBO permitting group, permit issuers and 
holders to review and (if needed) renegotiate all permits for Nucleus 
stations, and transfer them to UNAVCO/PBO for the 15 year 
life-span of the PBO project. 

PBO Nucleus provided funds for professional development 
workshops to middle and high school teachers and college faculty on 
the uses of high-precision GPS data to study plate tectonics, 
earthquakes, volcanism, and other crustal development processes. 

Above: Teachers at the TXESS Revolution workshop use Jules Verne Voyager 
to compare locations of earthquakes and volcanoes with GPS vectors. 
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Science Foundation (NSF) and 
National Aeronautics and Space 
Administration (NASA). 
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SELECTION of the PBO NUCLEUS 

The six existing networks in the PBO Nucleus 
included a total of  445 GPS stations: 

• Alaska Deformation Array (AKDA) 
• Bay Area Regional Deformation Array (BARD) 
• Basin and Range Geodetic Network (BARGEN) 
• Eastern Basin and Range and Yellowstone network (EBRY) 
• Pacific Northwest Geodetic Array (PANGA) 
• Southern California Integrated Geodetic Network (SCIGN) 

The PBO O&M budget (starting October 2008) contains support for 
209 of the 445 stations in the six existing networks.  Selection of the 209 
stations was coordinated by the UNAVCO project manager, PBO management, 
and network operators.  The process involved: 
 • detailed review of the characteristics of each station (monument stability, maintenance history, geographic relationship 
to PBO new construction and scientific objectives) 
 • minimizing the budgetary impact of adding modern IP-based communication to stations that were not designed with this 
consideration in mind 
 • identifying other funding opportunities (e.g. USGS, DoE, local surveying agencies) for the stations not included in the 
Nucleus.
 Sites not selected for the PBO Nucleus will continue to operate in parallel for the foreseeable future, and efforts will be made 
to integrate as much of their data as possible into PBO by separate agreement. 

UPGRADES and INTEGRATION of PBO NUCLEUS into PBO 

The 209 Nucleus sites (see http://www.unavco.org/exnet/exnet.html for station details) 
formed a network that could be economically operated, maintained, and upgraded in order to 
be integrated into EarthScope in 2008, allowing the inclusion of their long time series (below
right) into PBO’s data analysis, and thus, optimizing the scientific potential of the EarthScope 
project.

Left: Progress towards 
upgrading the 209 
stations in the PBO 
Nucleus network, June 
2004 to September 
2008.

The Winton Ave. “Supersite”  
will simultaneously operate 
the oldest and newest monuments in the PBO Nucleus 
network.  WINT, a shallow-foundation Kearney Powerglass 
enclosure installed in 1991, and WIN2, a DDBM installed in 
August 2008 by Nucleus and PBO-NCal staff near Hayward 
on the east of S.F. Bay will provide an interesting 
comparison of stability of monument styles and vintages. 

Left: CAT3 - Santa 
Catalina Island, CA. 
SDBM built in April 2008 
to replace the rock-pin 
monument CAT1. 

Right: CIRX - Circle X 
Ranch, Santa Monica 
Mountains, CA.  This 
stations was upgraded 
March 2008, with a new 
comms relay to provide 
IP-based  telemetry. 

MUSB - Musick Mountain,
Shaver Lake, CA.  Upgrade 
completed September 10, 2008.

The last Nucleus upgrade! 

TPW2 - Tongue Point, Astoria, OR.  
Installed as part of the DiVE sea 
level monitoring project.  Upgraded 
Jan 25, 2007. 

CLGO
Fairbanks, AK 

Deep foundation pillar 
in climate-controlled 
building. Upgraded 

April 5, 2005. 

VNDP - Vandenberg Air Force Base, CA 
“Type A” deep-referenced monument (early 
version of DDBM). Upgraded Oct 10, 2006. 

GTRG - Atomic City, ID - first PBO Nucleus 
upgrade, June 3, 2004. 

Date

Jan

Feb
Mar

Apr

Jun

Aug
Sep

Total

Name of event 

UT Dallas seminar 
Baylor U seminar 
NAGT Vis workshop 
UNAVCO workshop Teaching UG
GSA - Rocky Mtn/ Cordilleran 
NSTA - Boston 
TXESS Revolution workshop - TX 
Cascadia Sub-Zone 
EarthScope Teacher Workshop - NE 
Faculty In-Residence 
TOTLE workshop 
EarthScope Teacher Workshop - NM 
Teacher workshop - Puerto Rico 
GSA - Faculty SC 

Event details 

1 hr session 
1 hr session 
1 hr session 
4 hr workshop 
4 hr short course 
4 hr short course 
6 hr of 2.5 day workshop 
1 day workshop 
1 day of 2 day workshop 
1 week 
4 hr of 5 day workshop 
4 hr of 8 hr workshop 
2.5 day workshop 
8 hr short course 

Total Attendees 

40
35
32
35
6

34
79
42
25
2

45
25
25
12

437

2008 Professional Development Workshops & Learning Sessions 

Right: the number of 
community leaders 

reached by the UNAVCO 
E&O program. 

Right: Teachers 
participating in the 

UNAVCO Short 
Course at the 

National Science 
Teacher Association 
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SC03 - Mt. Olympus, WA - upgraded Sept 30, 2004. 

SG27 - Barrow, AK 
Deep pillar in permafrost. 
Upgraded June 2004, 
fully adopted into Nucleus 
August 2005. 

DDSN - Dodson Butte, OR 
Shallow foundation RBUT-style pillar. 
Upgraded Sept 15, 2006.

MIDA - modified EDM monument in Parkfield, CA. 
Upgraded November 13, 2007. TONO - Tonopah, NV. BARGEN 4-leg DDBM 

installation.  Upgraded Jan 25, 2007. 

 conference use a model of a GPS monument made out 
of a gum drop and toothpicks to simulate plate motion. 

Right: A Texas science teacher 
at the TXESS Revolution 

workshop analyzes GPS time 
series plots to determine 

movement of the GPS 
monument.


