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Final Report for FY2003-2007 

EAR-0321760 Support of UNAVCO Community and Facility Activities 

1.0 Executive Summary 

Summarized in this report are the activities of the Facility Division of UNAVCO for the entire 
length of the UNAVCO Community and Facility Cooperative Agreement (CA), EAR-0321760. 
The CA funds the UNAVCO Facility’s core activities for NSF-EAR, NASA-ESE, and NSF 
Office of Polar Programs (OPP via supplements). Further details of activities can be found in 
quarterly and annual reports, which have been submitted to NSF and NASA throughout the 
period of this CA and posted at the UNAVCO corporate web site 
(http://www.unavco.org/pubs_reports/reports/reports.html). 

UNAVCO’s Role  

UNAVCO is committed to supporting researchers studying the Earth who are using Global 
Navigation Satellite Systems (GNSS) and related technologies.  Our goal is to support 
researchers by maintaining high-value resources that can be shared by all; by providing technical 
support for projects; by supporting the operation of a GNSS global infrastructure; by advancing 
GNSS technologies; and by providing data management, archiving, and distribution.  UNAVCO 
allows NSF and NASA to efficiently support research related to solid Earth deformation, 
cryospheric studies, and global geodesy.  Finally, UNAVCO is engaged in training the next 
generation of Earth scientists by supporting hands-on use of geodetic technologies. Support is 
provided for core programs as follows: 
 

• NSF Geosciences Directorate, Earth Sciences Programs (NSF-EAR).  Technology 
support for PI projects funded by Instrumentation and Facilities, Tectonics, Geophysics, 
Continental Dynamics and EarthScope programs. 

• NSF Office of Polar Programs (NSF-OPP).  Technology support for PI projects and 
infrastructure funded by Arctic and Antarctic programs. 

• NASA Science Mission Directorate, Earth Surface and Interior Focus Area (NASA-ESI).  
Support for global infrastructure activities, including the GPS Network (GGN) and 
International GNSS Service (IGS) activities. 

Significant Accomplishments under this Cooperative Agreement 
A significant undertaking was the move of UNAVCO Facility from UCAR, both 
administratively to UNAVCO, Inc., and physically to the new 28,000 square ft. building at 3360 
Nautilus Ct, in Boulder, Colorado. UCAR had hosted the Facility since 1991. The move 
followed extensive preparations that began in the first year of this Cooperative Agreement (CA). 
Thanks to these preparations, the move of over 30 staff, equipment and computer infrastructure, 
occurred in a seamless fashion on 1 October 2003 (the start of Year 2 of the CA) and resulted in 
minimal disruption of service and support to the community. Accompanying the move was a 
significant restructuring of UNAVCO, a process that began with the creation of the UNAVCO, 
Inc. non-profit corporation in 2001 and formation of UNAVCO Headquarters, and culminated 
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with the move of the UNAVCO Facility, and formation of the UNAVCO Plate Boundary 
Observatory (PBO) and Education and Outreach programs.  PBO was formed to focus entirely 
on support of EarthScope and the demanding tasks of installation, operations and maintenance of 
very large numbers of GPS stations and strainmeters. A number of key Facility staff joined PBO. 
The UNAVCO Facility as a result went through a period of restaffing and reorganizing to 
accommodate its own contributions to EarthScope/PBO including development and testing, field 
support and archiving; management of the new Western U.S. Existing Networks, and follow-on 
PBO Nucleus project; the GeoEarthScope projects; as well as on-going support to individual PI 
projects, NASA, Office of Polar Programs and other projects. 
 
The move to UNAVCO, Inc was accompanied by rapid growth and support for new 
technologies. The number of continuously operating GPS stations for which data are managed, 
archived, and distributed grew from 380 to over 1,500 over the four years putting to test the Data 
Center’s scalable data management and archiving systems. Driven by increased demand and the 
scientific requirement for denser, longer running GPS networks, and enabled by attractive 
UNAVCO-negotiated pricing, the Facility and Community receiver pool also grew significantly 
during this period. EAR work was steady over the period with projects supported around the 
world including new projects to study a massive magmatic event in the East African rift; 
tectonics in Italy; aseismic earthquakes and episodic tremor and slip in Costa Rica, Mexico, and 
Washington state; and GPS for atmospheric measurements for hurricane and tectonic research in 
the Caribbean, to highlight a few. NASA support to the GGN continued with the completion of 
the upgrade of the network. Office of Polar Program support grew with increased funding 
associated with the International Polar Year including funding of a UNAVCO/IRIS MRI for 
development of permanent station technologies for polar regions and implementation of these 
technologies in the new POLNET/GNET networks in Antarctica and Greenland.  
 
UNAVCO also developed community-led proposals that add terrestrial laser scanning to the 
technology component at UNAVCO. The need for procedures to acquire, process, and analyze 
TLS data; to support the equipment; and to improve the precision and accuracy of the method is 
driving technology development in a manner similar to the early days of GPS development. The 
GeoEarthScope component of PBO further pushed the Facility into several new areas including 
InSAR, Airborne Laser Swath Mapping (ALSM) and geochronology. The large volume of 
InSAR data to be acquired for GeoEarthScope and WInSAR pushed the development of a 
scalable InSAR archive and accompanying data acquisition and distribution mechanisms. The 
Facility also provided project management and ground GPS support for extensive 
GeoEarthScope ALSM mapping projects and established GeoEarthScope geochronology 
contracts with laboratories across the country. 
 
Over the course of the project Education and Outreach (E&O) at UNAVCO evolved from a 
relatively minor activity at the beginning of the project to a full multi-faceted program at 
UNAVCO that includes a growing number of short-courses for the community, the RESESS 
intern program, web resources, outreach and educational materials, teacher development and a 
host of other activities discussed later in this report. 
 
Demands for engineering, equipment and data services, and E&O, have grown with the 
UNAVCO community that went from 23 founding Members at the start in 2001, to 66 Members 
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and 39 Associate Members by 2007. Growing application of GPS and related technologies to a 
diverse and expanding science community, a proven capable and experienced UNAVCO staff, 
and extensive Facility infrastructure, led to the development and successful review of the new 
2008-2012 UNAVCO Facility and Community Cooperative Agreement.  

Organization and Management 
UNAVCO, Inc. is a member-based non-profit corporation governed by its Members. It is 
organized into a Headquarters and three Programs: the Facility Programs, which is the primary 
operations arm of the UNAVCO Community; the Plate Boundary Observatory Program, which 
implements and operates the PBO network; and the Education and Outreach Program. 
Headquarters is managed by the President and houses corporate management, human resources, 
and business operations including finance and accounting. The UNAVCO President reports to 
the Board of Directors, who are elected by the UNAVCO Members.  The UNAVCO Board 
meets three times per year. UNAVCO also has Standing Committees that advise UNAVCO in 
the services it provides and on longer term planning. Standing Committees exist for Facility, 
PBO, Polar, WInSAR, and Education and Outreach. As of the end of 2007, UNAVCO has over 
105 full-time and 31 temporary employees in six locations. Thirty-one are employees of the 
Facility Program supported primarily (but not entirely) by this Cooperative Agreement. 

Budget Summary 
Approximately $12M of IF program funds (~$8M NSF and ~$4M NASA) were managed by the 
UNAVCO Facility under this cooperative agreement in support of core activities. Supplemental 
funds in excess of $1M of were also managed be the Facility for specific project activities. 
Budgets were allocated annually by NSF based on requests from UNAVCO.  This represents 
approximately 15% of the overall UNAVCO budget during the period of this CA. Other program 
funds, predominantly EarthScope, provided the bulk of UNAVCO funds between 2003 and 
2007.  

UNAVCO Membership 
Since the inception of UNAVCO, Inc., in 2001, the UNAVCO Consortium membership has 
grown to 66 Members and 39 Associate Members from around the globe (Figure 1). UNAVCO 
provides support as described below to the solid Earth and polar research communities that make 
up the membership of UNAVCO. The membership meets annually at the Fall American 
Geophysical Union Meeting to conduct business and to elect the UNAVCO Board of Directors.   
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Figure 1. (left) UNAVCO Consortium Membership; (right) Members are located around the globe.
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Science Supported 

With Facility support, UNAVCO Community investigators are studying earthquake processes, 
mantle properties, active magmatic systems, plate tectonics, plate boundary zone deformation, 
intraplate deformation, glacial isostatic adjustment, global geodesy, global change, and polar 
processes. These scientific investigations are described in the Facility and Community proposal 
found at: http://www.unavco.org/pubs_reports/proposals/proposals.html. The body of scientific 
work accomplished is that of the scientific community that UNAVCO supports. UNAVCO has 
developed a database of refereed publications from key journals that reference UNAVCO, that 
have used UNAVCO equipment or services, or that used the NASA Global GNSS. This database 
can be accessed from the UNAVCO homepage under the Publications and Reports section. 

Facilities and Capabilities to Support Scientific Research 

UNAVCO maintains resources and knowledge that enable the community to acquire and use 
high-precision geodetic data. The following core resources and capabilities are made available to 
investigators in conducting scientific research that utilizes geodetic technology: 
 

• State-of-the-art GPS and other equipment. UNAVCO assures that researchers have 
access to the best available equipment through community equipment pools and purchase 
programs, including GNSS receivers configured for continuous, campaign or kinematic 
applications, communication equipment, power systems and other equipment such as 
Terrestrial Laser Scanning (TLS) instruments. 

 
• World class engineering and technical support. UNAVCO engineers and technicians 

have broad expertise in managing and supporting scientific research projects involving 
high-precision applications of GPS, including support to campaign mode deployments, 
permanent station installation, and operation of networks of permanent stations.  Project 
support is tailored to specific needs, and may include field support, training, technical 
consultation, applications support, equipment testing and integration, network installation 
and operation and data management. 

 
• Equipment depot and laboratory facilities. UNAVCO maintains community equipment 

depot facilities for repairing, integrating, and deploying pool and member-owned 
equipment on scientific research projects around the world. Laboratory facilities for 
conducting highly controlled equipment tests and developing advanced systems to 
improve accuracy, performance and efficiency are maintained. 

 
• Community Data Center. UNAVCO operates and maintains the primary data 

management and archiving system for preserving and distributing geodetic and related 
data and data products collected for community use. 

 
• Established processes and procedures for supporting scientific research. UNAVCO 

maintains formalized facilities, best practices and capabilities for supporting scientific 
research at global locations, including oversight of projects, property management, 
import/export, logistics and shipping, and business systems for project financial 
management, tracking and reporting.  
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UNAVCO Facility Summary of Technical Activities  

Principal activities of the UNAVCO Facility include providing field equipment, engineering, 
data, and education and outreach support to Principal Investigator EAR, OPP, and Community 
projects. The Facility also is helping on a resource available basis to construct EarthScope Plate 
Boundary Observatory, manages the PBO Nucleus project that operates the existing GPS 
networks that will be folded into PBO in 2008, provides PBO and Nucleus GPS data and 
products archiving and distribution, and manages the GeoEarthScope project. UNAVCO, with 
JPL, operates and maintains the NASA Global GNSS Network (GGN). 
 
Support to Individual Researchers 

UNAVCO provides Earth science researchers with free access to a pooled resource of geodetic 
technologies, equipment (Figure 2), data, technical support and collaboration that are key 
enablers of fundamental research. Providing shared community access to geodetic technology 
and knowledge is a critical and unique role of UNAVCO that addresses a national priority of 
assuring that individual researchers are enabled and supported.  
 

 
Figure 2. Demand for receivers from the UNAVCO Facility EAR pool continues to increase. The pool is mainly 
made up of Trimble NetRS and 5700/R7 receivers. The total number is represented by the red line and demand by 
the black.  Note: In 2007 we separated the Facility EAR and OPP pools for tracking purposes. 

 
Contributing to International GNSS Infrastructure 

UNAVCO supports a global GNSS infrastructure that provides data to enable high-precision 
scientific applications.  Principal components of this support include operation of NASA’s 
GNSS Global Network (GGN) and technical services for the International GNSS Service (IGS). 
By supporting these activities, UNAVCO assures availability of a high quality global data set 
that is critical to the development of a highly precise geodetic reference frame and the definition 
of satellite orbital parameters (Figure 3). 
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Figure 3. UNAVCO Support to GGN. (left) The GPS and VLBI station at Santiago, Chile, is one of the NASA 
GGN stations managed by UNAVCO and JPL. This station, as well as many others in the GGN (right, light-
colored solid circles), are co-located with other space geodetic systems to provide important geodetic ties and 
shared infrastructure costs. UNAVCO is supporting an IGS and JPL modernization project by augmenting six 
GGN sites with L5 GPS receivers (dark solid circles). 

  

Operating a Community Data Center 

UNAVCO operates and maintains the primary data management and archiving system for 
preserving and distributing geodetic and related data and data products collected for community 
use. The primary goal of the Data Center is to provide stewardship for metadata and data 
products from high-precision GPS studies and other crustal deformation measurements. 
Additional goals of the Data Center are: to make data easily available to the scientific 
community and to the public through a variety of tools and search and access methods; to 
provide additional tools that add value to the data and data products holdings; to ease data 
providers’ task of data and metadata management through a variety of tools and services; and to 
assist the UNAVCO Education and Outreach team in accessing data sets that are illustrative of 
Earth processes for teaching. 
 
Advancing Geodetic GPS Technologies 

UNAVCO is a key community asset in driving advancements of geodetic GPS technologies.  
Continued improvement of measurement precision, coupled with technology advancements in 
processing systems, power systems and data communications, has led to improved scientific data 
return, improved data quality and increased efficiency of operations.  UNAVCO has led adoption 
of new technologies for the community by maintaining the capability to evaluate new equipment, 
advising users of suitability, and supporting use of equipment for existing and emerging 
applications.  
 
Promoting the Earth Sciences through Education and Outreach 

UNAVCO E&O activities have served to broaden the use of UNAVCO data and products by a 
wide audience of educational and research users. E&O activities have produced materials for 
secondary and college-level science classes that are based on modern geodetic data and that 
employ web-based resources for viewing and analyzing GPS data. A Short Course Series for 
training researchers and graduate students in processing, accessing, and interpreting GPS and 
strain data has attracted many attenders. UNAVCO’s E&O is committed to increasing the 
number and diversity of students to strengthen and sustain the next generation of Earth scientists. 
UNAVCO is leading the RESESS program (Research and Education in Solid Earth Science for 
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Students), a multidimensional program for undergraduate and graduate students from 
underrepresented groups with structured mentoring and research internships. 

Project Management, Tracking, Metrics and Performance 
The Facility’s support of projects is encapsulated in a custom project management system. This 
system allows tracking of individual support requests made by PIs from the initial support 
request submission through completion of the project. Statistics that summarize project activities 
and that quantify relevant performance metrics for monitoring Facility progress and performance 
on a variety of tasks are tracked using this project management system. The system also 
facilitates soliciting and tracking of user feedback. Performance metrics and user feedback are 
reported to the UNAVCO Board of Directors on a quarterly basis. 
 
A summary of the key performance metrics is included in Table 1 below. The first row in 
summary Table 1 is the number of PI projects receiving Facility engineering or equipment 
support, ranging from project design and budgeting to full field implementation.  The number of 
permanent stations falling under the Facility umbrella for general Operations and Maintenance 
(O&M) support has risen considerably from 555 stations in 2004 to 730 in 2007 (EAR, OPP, 
NASA, PBO Nucleus). PBO stations are not included as O&M and data management are 
primarily handled by the PBO project. Table 2 is an additional breakdown of permanent station 
O&M by funding program at end-of-year 2007. 
 
 Table 1. Summary of overall metrics for Facility engineering and data activities 2004-2007 

Activity by FY 2004 2005 2006 2007 Total 
EAR  
PI Projects (incl. 
EarthScope) 

48 58 48 52 206 

OPP Projects 37 38 48 48 171 
Other Community 
Projects 22 38 37 49 146 

Permanent Stations 
Installed/Upgraded 
– all programs 

 
41 

 

 
99 

 

 
112 

 

 
130 

 
382 

Permanent Stations 
O&M  555 593 621 730 730 

Campaigns 
Archived 71 41 39 55 206 

Permanent 
Archived 

380 
(Incl. 40 PBO) 

681 
(Incl 162 PBO)

1092 
(Incl 373 PBO) 

1572 
(Incl 742 PBO) 1572 

Total UNAVCO 
Support Requests 108 157 131 177 523 

Unique Institutions 
w/Support Requests 47 63 46 89 214 
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Table 2. Additional breakdown of permanent station O&M by funding program at EOY 2007
 

Number of Stations Program 
396 NSF-EAR (non PBO or Nucleus) 
76 NASA GGN (includes some NASA PI stations) 
209 Nucleus 
49 Polar Programs 
730 Total all Programs 

 
 
 
 
 
 
 
More detailed metrics are now being tracked based a new Work Breakdown Structure (WBS) 
established for the Facility as a result of the 2006 Management Review. Reporting of these new 
metrics was started in Q2 of FY2007. Where applicable in later sections of this report, work 
accomplished under this CA are reported according to the new metrics. The complete history of 
metrics tracked through this CA is included in annual and quarterly interim reports, which are 
available online at http://www.unavco.org/pubs_reports/reports/reports.html.  

2.0 Technical Support of PI Science Investigations and the GPS Global 
Infrastructure 

A summary of the engineering, equipment and data management support provided by the 
UNAVCO Facility to important NSF, NASA and other Community projects is included in the 
following sections that highlight the following principal activities: 
 

• NSF-EAR PI Project Support 
• OPP Support 
• EarthScope Support 
• NASA Global Infrastructure Support  

 
The tabulations presented here include annual summaries of numbers of projects or other overall 
metrics describing activities supported by the UNAVCO Facility. Tabulation of support provided 
to specific projects is included in more detail in the quarterly and annual reports referenced 
above.  

Scope of Work 
The UNAVCO Facility is organized into two primary groups, the Engineering Group that 
handles engineering, network operations and maintenance and equipment support, and the Data 
Group that handles data management, archiving and data distribution. While functionally 
distinct, these two groups conduct their work collaboratively and with a strong sense of team 
effort and a spirit of cooperation and support to the community. Both groups and the Facility 
Director are supported by the Facility Operations and Infrastructure staff, which provide a host 
of information technology resources including computer systems administration, web, 
application, administrative, and database support. 
 
The Engineering Group is itself organized with a project management structure in recognition of 
the need to put additional focus on larger projects. The Engineering Group provides 
comprehensive permanent and campaign project support including planning and budgets, 
installation, operations, training, technical support, field engineering, and maintenance as well as 
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system testing and development. The Engineering Group also maintains, tracks, and ships the 
UNAVCO central pool receivers that are loaned to projects. The group also assembles, tests, and 
repairs permanent station equipment including the new PBO permanent station and campaign 
systems.  
 
The Data Group handles data management, archiving and data distribution tasks and manages a 
large and diverse assemblage of data handling, data storage and retrieval, database, and backup 
computer systems.  
 
The Facility’s role in support of the various aspects of a project is depicted in Figure 4.  
The degree of support depends on what other resources are available to the project. For 
individual PI projects the Facility support can be quite comprehensive. However for large 
projects such as EarthScope, UNAVCO and PBO have substantial resources and the Facility role 
is directed toward engineering support upon request, equipment testing and handling, and data 
products archiving. 

 
 

 

Proposal 
Planning and 

Budget 
Development 

Planning, 
Preparation 
and Training 

GPS Data 
Collection, 

Network O&M 

Data 
Formatting, 
Verification 
Distribution 

Data 
Processing 

and Scientific 
Analysis 

Archive Data 
and Results 

Figure 4. Typical phases of a GPS project and types of support provided by the UNAVCO Facility. The 
implementation of a GPS project is collaborative involving the Principal Investigators (PIs) and Facility staff.  

2.1 NSF-EAR PI Project Support 

UNAVCO has provided specialized technology support to investigators in utilizing GPS within 
projects. The primary research applications include active tectonics, intraplate deformation, deep 
Earth dynamics, plate rigidity, plate boundary deformation, tectonic geomorphology, and 
volcano studies, among others. Services and support have been offered for a variety of operating 
modes, including traditional campaign mode measurements, semi permanent or permanent 
networks, real-time and post processed kinematic surveys. Permanent station network support 
has continued to increase through the period of this CA and campaign deployments have 
continued to involve larger numbers of receivers with agent deployments common. More 
recently, through GeoEarthScope, specialized survey methods have been devised and employed  
for precision navigation of aircraft conducting airborne LiDAR surveys.  
 
Engineering and data services offered to PIs have centered around acquiring and archiving high 
quality high-precision geodetic data. Functions provided by the UNAVCO Facility in supporting 
projects include:  
 

• project management services; 
• field engineering and technical support services to plan and execute surveys and 

permanent station installations;  
• network engineering services for permanent network operations, network maintenance, 

data flow monitoring and troubleshooting;  
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• equipment testing services to evaluate and improve performance;  
• system integration and software development services for development of advanced 

systems; 
• technical support, consultation and training for researchers in applying geodetic 

technologies; 
• logistics services for worldwide deployments, including property tracking and 

management, import/export and shipping; 
• data management and archiving services.  

 
The number of projects per year supported under this CA is shown in 5. On average, 50 projects 
funded by core programs were supported annually by the Facility. An additional 20-50 
community projects per year were alsosupported on a lower priority basis. These are typically 
UNAVCO Members’ projects funded with start-up or other funds. They often lead to submission 
of proposals to core programs by younger investigators, and are hence considered important 
community projects to support. 
 

EAR and Community Project Support
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Figure 5.  Number of EAR and community projects supported annually by the UNAVCO Facility. 
EAR Community  

 

Installation, operation and support of permanent networks is an important aspect of support 
provided by the Facility. In addition to providing engineering support for the installation of new 
project networks or expanding networks of permanent stations arising out of projects, the Facility 
provides operations and management (O&M) engineering support to close to 400 continuously 
operating stations (Figure 6). 20-50 troubleshooting incidents/month were handled for stations 
that are monitored for EAR PIs. This included resolving communication and equipment issues, 
shipping replacement equipment, and working ith PIs and local contacts to resolve problems.  
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EAR/Community O&M
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Figure 6.  Number of permanent stations that are operated and/or maintained by the UNAVCO Facility. Red 
section is the number of new sites added that year. 

2.2 NSF Office of Polar Programs Support 

UNAVCO provides support for Antarctic and Arctic scientific applications of GPS to the NSF 
Office of Polar Programs (OPP) through supplements to this Cooperative Agreement (Figure 7 
and 8). The research supported covers a wide range of disciplines including glaciology, 
geophysics, geology, volcanology, and biology. Services provided include equipment, training, 
project planning, field support, proposal assistance, technical consultation, data processing, and 
data archiving on a year-round basis. Permanent station network support services are also 
provided, from the initial engineering and installations through operations, maintenance, and data 
archival and distribution. Sustaining engineering activities are ongoing to meet the technical 
challenges such as providing robust telemetry and power systems at remote high-latitude 
locations (Table 3).  Detailed reports on support to OPP is available in the on-line annual reports 
at www.unavco.org/polar. 
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Number of Projects Supported 2003-2007
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Peak Season Receiver Use 2003-2007
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Figure 7.  (left). Number of Arctic research projects supported grew steadily during this Cooperative Agreement 
performance period. While the number of Antarctic projects supported remained steady, there was a substantial 
increase in the scale of several of the GPS projects and the corresponding scope of UNAVCO support.  
Figure 8. (right). Demand for receivers continues to increase with more research projects deploying larger number 
of receivers for ice dynamics and bedrock geodesy measurements in Greenland and Antarctica, and new receiver 
acquisition continues in response to this trend. There are currently 160 OPP receivers in the UNAVCO pool. 
 

Table 3. Engineering Performance Metrics – POLAR (2003-2007) 
1.1.1.2 Permanent Station Ops # stations monitored (on O&M list) 40
1.1.1.2  # new stations installed 38
1.1.1.3 PI Project Services # projects 171
1.1.1.4.2 Development and Testing #D&T projects completed (MRI project)
1.1.1.4.3  Pool Equipment #receivers in pool 160

 
 
The IRIS/PASSCAL and UNAVCO Facilities received MRI funding in 2006 for a unique 3-year 
proposal, Development of a Power and Communication System for Remote Autonomous GPS 
and Seismic Stations in Antarctica, to design and build a reliable power and communication 
system for autonomous polar station operation. This development effort involves close 
collaboration with Antarctic seismologists and GPS scientists. The goals of this project are to use 
the latest power and communication technologies, linked with the collective experience and 
expertise of the science community and IRIS/UNAVCO staff to 1) Design, integrate, and test a 
scalable power and communication system optimized for ease of deployment and reliable multi-
year operation in severe polar environments, and 2) Provide an initial pool of these systems for 
deployment and testing in science experiments (Figure 9).  Access to the new systems through 
UNAVCO and IRIS will open doors for scientists and institutions that do not have the technical 
and field skills currently required to conduct remote polar GPS and seismic research projects. 
Current project details are available at www.unavco.org/polartechnology. 
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Figure 9. Installation of an MRI system field kit on Mt. Erebus, 
Antarctica, with GPS and met sensors. 
 
 
 
UNAVCO has received support for a second MRI proposal, Acquisition of a Terrestrial Laser 
Scanning System For Polar Research, and purchased a terrestrial laser scanner (TLS) LiDAR 
system for NSF-OPP funded research support. An Optech ILRIS 3D system was purchased at the 
end of the year, and operational support capability will be built up during 2008 with pilot 
projects in Antarctica and Iceland. This survey instrument is complementary to the suite of GPS 
equipment already available, allowing for much higher spatial density surveys of short distances. 
Considerable demand is expected for applications such as soil surface mapping, quantification of 
landforms, and change detection of slopes, rock glaciers, and glaciers. 
 

Arctic Support 

The number of projects has grown steadily since UNAVCO began to provide Facility level 
support to the NSF Arctic program in 2002 (Figure 7 above). During this time the scope of work 
has increased to the current level of support which covers seasonal PI campaign style projects, 
infrastructure and operational support with GPS base stations at four Arctic research stations in 
Alaska and Greenland, and permanent station network installation, operation, and maintenance 
for the International Polar Year Greenland POLENET project (GNET). There are now 70 GPS 
receivers in the UNAVCO pool contributed through NSF-OPP Arctic Sciences. Thirty-one of 
these are deployed long term and are monitored and maintained by UNAVCO (Figure 10). 
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Figure 10. (left) Arctic continuous GPS stations operated by UNAVCO include the Summit Camp survey system 
and POLENET-GNET stations. 

Figure 11.  (right) Antarctic continuous GPS stations operated by UNAVCO include system at the U.S. Antarctic 
Program stations, POLENET stations for bedrock geodesy measurements, and stations for continuous ice dynamics 
measurements. 

 
Antarctic Support 

Each year approximately 25 projects are supported in Antarctica. A “satellite” facility is staffed 
at McMurdo Station, Antarctica during the austral summer research season, providing a full 
range of support services including GPS equipment, training, project planning, field support, 
system fabrication, technical consultation, data processing, and data archiving. The scope of 
work covers seasonal PI campaign style projects, infrastructure and operational support with 
GPS base stations at three Antarctic research stations, and permanent station network 
installation, operation, and maintenance for POLENET and other long term equipment 
deployments in the severe Antarctic environment. There are now 90 GPS receivers in the 
UNAVCO pool contributed through NSF-OPP Antarctic Sciences. Thirty of these are deployed 
long term for bedrock geodesy measurements and are monitored and maintained by UNAVCO 
(Figure 11).  
 

2.3 EarthScope/PBO Support 

The UNAVCO Facility has participated in theEarthScope PBO project in a number of ways, 
including by supporting receiver and equipment testing, site reconnaissance, and installation of 
the PBO GPS network, providing management and technical implementation of the Nucleus 
project, managing the portable instrument pool, supporting PI deployments funded under 
EarthScope, and managing GeoEarthScope. Some highlights of support provided to the 
EarthScope program are included below and additional details reported through the EarthScope 
program. 
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PBO Nucleus Project Support 

The PBO Nucleus project is designed to operate, maintain, upgrade and integrate 209 existing  
GPS stations and 1 long-baseline laser strainmeter into the Plate Boundary Observatory (PBO).   
Originally designed and constructed as six independent networks: the Alaska Deformation Array 
(AKDA), the Bay Area Deformation Array (BARD), the Basin and Range Geodetic Network 
(BARGEN), the Eastern Basin and Range and Yellowstone Network (EBRY), the Pacific 
Northwest Geodetic Array (PANGA), and the Southern California Integrated Geodetic Network 
(SCIGN), these stations form the Nucleus around which the PBO is based and built.  It will 
increase the number of stations in the completed PBO and extend the time series back to the 
early 1990’s when the first of the Nucleus stations were constructed.  The project is on schedule 
for completion on 9/30/2008. 
 
The project is managed and operated by UNAVCO Facility staff, funded by NSF-EarthScope 
award #0453975 beginning 3/1/2005.  The project was proposed as a successor to NSF-EAR-
0318549 (Support for Existing Western U.S. GPS Networks), an 18-month grant whose period of 
support expired in March, 2005.  
   
During the first three years of the project excellent progress was made in transitioning the 
network from independent, region-specific operations to a centralized unified network.  The 
UNAVCO Data Center continues to be the primary data archive for the entire network, and data 
from all stations is continually analyzed by the PBO Data Analysis Centers.  Approximately 93% 
of the network has had its hardware upgraded to PBO standards and its data flow transferred to 
the PBO Data Management and Information Technology (DMIT) group (Figures 12 & 13).  
Transfers of site permits and metadata from original network operators to UNAVCO/PBO are 
currently our primary focus, and Education and Outreach activities related to the project are 
flourishing.  New Earned Value Management (EVM) tracking techniques have been applied to 
all aspects of the project to ensure that all tasks will be competed to coincide with the beginning 
of the O&M phase of PBO at the end of year 4 of Nucleus on September 30, 2008. 
 

  
Figure 12.  PKRD, near Los Angeles. Upgraded 9/22/07     Figure 13.  PTSG, Crescent City, CA.  Upgraded  8/5/07 

Most importantly, the network has been maintained in excellent health with a large volume of 
high-quality data having been made available to the scientific community.   Over 96% of 
possible data have been returned by the stations to date, and 98% of stations in the network are 
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currently healthy and producing data.  These data are being used by the community to produce 
many exciting and important results. 
 
Figure 14 shows the current status of the network, with completed upgrades highlighted; the 
level of completed upgrades is currently eight months ahead of schedule.  
 

 
Figure 14.  PBO Nucleus Network status, 1/1/2008.  195 upgrades have been completed, 14 remain. 

 
The PBO Nucleus Web Center (http://www.unavco.org/exnet/exnet.html) is continuously 
updated with information about project operations and network status as well as other important 
information.  This page also contains links to data archives and data products, interactive 
mapping tools, and affiliated projects.  
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EarthScope/PBO Science Project Support 
The EarthScope Plate Boundary Observatory included funds for the purchase of 100 Topcon 
GB1000-based portable GPS systems (Figure 15).  Supported by UNAVCO Facility staff, these 
systems are available to community PIs for use on EarthScope-funded projects that require real-
time kinematic, campaign, or semi-permanent 
continuous GPS measurements within the 
EarthScope geographic footprint. The hardware 
has also been made available to the general 
community when the UNAVCO Facility 
equipment pool has been oversubscribed.  
Although the purchase and support of the 
equipment and projects are supported by PBO 
funds, the support of the Facility Enginnering 
Group has been vital to the preparation and 
maintenance of the hardware for PI projects.  The 
group will also be tasked with the maintenance of 
this pool during the Operations and Maintenance 
phase of PBO beginning in October, 2008. 

Figure 15.  EarthScope Campaign GPS System 

 
The pool has been used to support 29 PI projects to date, 10 of which were EarthScope-funded.  
Additionally UNAVCO staff have conducted 3 workshops in the use of Topcon equipment and 
provided support to other community users of Topcon hardware.  The UNAVCO community 
also benefits from UNAVCO staff interactions with Topcon developers resulting in 
modifications to firmware and user-interface software that specifically target our users.   
 
The 2005 Cascadia Episodic Tremor and Slip event was observed by the first large scale 
EarthScope-supported campaign GPS system deployment.  PIs Dan Johnson and Ken Creager of 
the University of Washington and Rick Bennett of the University of Arizona carried out a joint 
seismic/geodetic experiment with extensive UNAVCO Facility field and archiving support.  
Twenty-nine Topcon GB1000-based systems, designed to be entirely self-supported, were 
configured in semi-permanent mode on temporary monuments, designed by Dr. Johnson to 
comply with Olympic National Park requirements.  The systems and data were retrieved in 
October by UNAVCO-coordinated effort after the tragic deaths of Dr. Johnson and his associate 
Prof. Tony Qamar in an accident en route to retrieve the first data set.  
 
 The solar-powered systems performed very well, with 85% return of high-quality data. Results 
of the experiment showed that this new GPS technique was able to resolve the event in 
remarkable spatial and temporal clarity.  This experiment is expected to change both the way that 
these silent earthquakes are understood and the method in which GPS campaigns are conducted 
in the future (Figures 16 & 17). 
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Figure 16. Campaign installation in Clallam Bay, WA     Figure 17. Map of Olympic 2005 GPS stations 

        
Support for the Rio Grande Rift (A. Sheehan, A. Lowry, S. Nerem and M. Roy, PIs) project 
dominated group activities during 2006 and 2007 with 25 permanent monuments having been 
installed between 8/1/06 and 6/15/07) by UNAVCO staff. UNAVCO designed special enclosures 
and systems to provide support for semi-permanent 
installations such as RG07, a shallow-drilled braced 
monument completed on Dec. 1, 2006 near Las 
Cruces New Mexico (Figure 18 & 19).  The systems 
are comparable to those of permanent PBO stations  
but portable to allow removal and reuse by future 
projects. 
 

Figure 19.  Map of Rio Grande Rift semi-
permanent GPS stations, 2006-2011. 

Figure 18.  Rio Grande Rift station RG07  station RG07 
 

 

 
 
Other EarthScope project highlights include the coordination of GPS ground control for four 
separate GeoEarthScope airborne LiDAR missions along the San Andreas and subsidiary faults 
(see details in GeoEarthscope section) and the use of Real-Time Kinematic systems by the U. 
Kansas’ Garlock Fault Mapping project (D. Walker, PI). 
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GeoEarthScope Activities 

GeoEarthScope (GeoES) is the component of the EarthScope MREFC that includes the 
acquisition of aerial and satellite imagery and geochronology to examine the strain field beyond 
the decade time scales available from PBO geodetic instrumentation and to assist with 
EarthScope instrument siting.  Minimal activity related to GeoEarthScope took place at 
UNAVCO from October 2003 through August 2005.  Major activities commenced in September 
2005 when the GeoEarthScope Project Manager was appointed at UNAVCO.  This was followed 
by significant revisions to the GeoES management and data acquisition plan in early 2006, with 
implementation and execution of the revised plan beginning in late 2006.  GeoES data 
acquisition activities commenced in late 2006 and continued successfully through November 
2007.  These activities continue, and GeoES is on track to be completed on schedule and within 
budget at the conclusion of the EarthScope MREFC in 2008. Provided below (Figure 20) is a 
figure showing GeoES metrics as reported in the EarthScope CSSR. 
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1.3.7 GeoEarthScope 

   Figure 20. GeoEarthScope data reported in EarthScope Cost Schedule Status Report (CSSR), October 2007. 
 
Prior to September, 2005, NSF funds for GeoES activities were managed at UNAVCO by PBO 
but no dedicated personnel resources existed to support GeoES projects.  This changed in 
September 2005 when the GeoEarthScope Project Manager, a joint UNAVCO Facility/PBO 
position, was appointed.  Much of the Fall of 2005 was dedicated to developing an updated, 
comprehensive plan and budget for GeoES.  This involved significant interaction between the 
GeoES Project Manager, the UNAVCO President, the UNAVCO Facility Manager, the PBO 
Director, and NSF program officers. Another top priority for the GeoES Project Manager from 
the beginning was to engage the community in order to generate awareness and interest in 
GeoES.  This was accomplished through active participation at major community gatherings, 
institutional visits, and development of a GeoES web page (unavco.org/geoearthscope) and 
various printed materials (GeoES one pagers and posters).  The GeoEarthScope web page has 
been updated continuously since inception, and various GeoES activities have been featured as 
highlights on the main UNAVCO, PBO and EarthScope web sites as well (for example: 
http://pboweb.unavco.org/?pageid=13&newsid=133).  GeoEarthScope LiDAR activities were 
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also featured as the cover article for the October 2007 EarthScope OnSite newsletter 
(http://pboweb.unavco.org/?pageid=13&newsid=155). 
 
Up until December 2005, GeoES projects were identified and funded by NSF based on proposals 
submitted by PIs in response to NSF Document 04-589.  Two PI-led GeoES projects were 
identified by NSF in this way: 1) “A Precise Ground Velocity Map for the Basin and Range 
Province Based on InSAR” (PI: Falk Amelung, University of Miami) and 2) “Determination of 
Slip Rates on the Death Valley-Fish Lake Valley Fault System: Toward an Understanding of the 
Spatial & Temporal Extent of Strain Transients” (PI: James Dolan, USC).  These two “legacy” 
projects have been completed and subsequent GeoES projects have been planned and conducted 
based on community working groups rather than individual PIs.  Falk Amelung’s InSAR project, 
which primarily involved the ordering of archived data from the European Space Agency (ESA), 
commenced in Fall 2005 and concluded in November 2007, though data related to this project 
continue to be acquired as part of other GeoEarthScope InSAR acquisitions.  Data collection for 
James Dolan’s Death Valley LiDAR project took place in November 2006 and data processing 
and product delivery was completed in Fall 2007.  
 
In December 2005, NSF decided that the GeoES project management plan should be revised.  
The new plan eliminated the PI proposal process and centralized GeoES project management 
efforts at UNAVCO, with acquisition targets to be identified and prioritized by GeoES working 
groups and approved NSF.  UNAVCO and NSF worked to refine the new GeoES plan 
throughout the second quarter of FY06.  The revised GeoES plan and charters for the GeoES 
working groups were announced to the community at the 2006 UNAVCO Science Meeting in 
Denver, CO.  A GeoES Special Interest Group was also held during the 2006 UNAVCO Science 
Meeting.  This well attended SIG included an overview of the new GeoES plan as well as 
presentations by GeoES investigators and community members. 
 
Three GeoES working groups were formed in Spring 2006 to identify and prioritize acquisition 
targets for imagery (InSAR and airborne LiDAR/ALSM) and geochronology.  These working 
groups each consist of at least seven members representing their respective research 
communities.  Representatives from the EarthScope partner agencies,  USGS and NASA, also 
participate as non voting members.  The LiDAR working group is chaired by Kevin Furlong.  
The InSAR working group is chaired by Yuri Fialko.  The Geochronology working group is 
chaired by Mary Hubbard.  These working groups convened for the first time in Summer 2006 
with individual meetings held at UNAVCO followed by regular conference calls and meetings 
that have continued through the present.  Official working group recommendations were 
submitted to UNAVCO in Fall 2006 and presented to the community via the UNAVCO and 
EarthScope web sites and also through formal gatherings, included dedicated GeoEarthScope 
presentations at the 2006 GSA meeting and the 2006 Fall AGU meeting.  A fourth working 
group, led by the PBO Standing Committee and chaired by Mark Simons, was formed to provide 
overall recommendations based on the three focused working group recommendations.  
Following careful review and community input, the PBO SC recommended that GeoES funds be 
distributed as follows:  LiDAR: $1.9M; InSAR: $1.3M; Geochronology: $0.8M.  These GeoES 
working group target and funding recommendations were reviewed by UNAVCO and NSF and 
received final approval from NSF in Summer 2007.  Full implementation of these 
recommendations by UNAVCO ensued. 
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Data collection for the first GeoES working group led LiDAR project – a survey of the northern  
San Andreas fault and other targets in northern California – was completed in April, 2007 
(Figure 21).  Processed data products, produced by the National Center for Airborne Laser 
Mapping (NCALM) and Ohio State University, were officially released in November, 2007 and 
distributed to the community via the GEON LiDAR Workflow by Arizona State University and 
San Diego Super Computer facility.  The above organizations were all performing under 
subaward from UNAVCO.  As part of this project approximately 1400 square kilometers of 
EarthScope targets were imaged, as well as supplementary targets for the USGS and the 
California PUC.  Between this project and the previously conducted B4 project, also funded by 
NSF, the entire San Andreas fault system has now been imaged with high resolution airborne 
LiDAR, along with many other important faults and structures. This project represented a major 
milestone for GeoEarthScope and a significant achievement for the entire EarthScope project and 
community.  Additional working group led LiDAR projects are in late planning stages as of 
November 2007 and will be completed in 2008 (Figure 22).  In November 2007 UNAVCO 
issued an official Notice of Opportunity and Request for Information to identify potential data 
providers for these upcoming LiDAR projects in Southern California, the Intermountain Seismic 
Belt (including Yellowstone), the Pacific Northwest and Alaska.  In addition to LiDAR imagery 
data acquisitions, UNAVCO has also been active in education and outreach activities to support 
community use of the GeoES data.  As part of this effort a successful and well attended LiDAR 
data training course was presented at UNAVCO as part of the 2007 GSA meeting.  Additional 
GeoEarthScope short courses are planned for 2008. 
 
InSAR activities at UNAVCO for GeoES increased steadily throughout 2006 and 2007 and will 
expand even further in 2008 (Figure 23).  Significant factors that contributed to the ever 
increasing success of GeoES InSAR data acquisitions included 1) strong relationship building 
efforts by UNAVCO staff and community members with data providers such as the European 
Space Agency (ESA), 2) technical support from Alaska Satellite Facility (ASF) through a 
subaward issued by UNAVCO to ASF, and 3) synergy between GeoES InSAR support at 
UNAVCO and WInSAR support at UNAVCO.  Two ESA Category-1 proposals to acquire new 
and archived InSAR imagery from the ERS and ENVISAT satellites have been approved.  The 
ESA ENVISAT satellite is currently acquiring data for GeoEarthScope areas of interest, and 
large archive orders (up to as much as 30,000 scenes) have been submitted to ESA (Figure 24).    
NASA has also approved GeoES data proposals to acquire large volumes of archive data from 
ASF, including data from the ERS1, ERS2 and RADARSAT1 satellites.  These data from ASF 
are being delivered to UNAVCO via a 4 terabyte network attached storage (NAS) device that is 
physically shipped between Alaska and Colorado.  Considering the huge data volume (estimated 
at 20+ terabytes for the priority 1 data) this represents a novel yet very efficient solution for large 
scale transfer of InSAR data.  ASF, through a UNAVCO subaward, has been instrumental to 
several critical aspects of GeoES InSAR support including infrastructure planning, archive data 
identification, satellite tasking, technical support, and data ordering and delivery.  The UNAVCO 
Facility Data Group has become an essential and integral part of GeoEarthScope, not only in 
terms of accommodating and managing this huge influx of data but also through strategic 
planning and infrastructure development.  E&O activates related to GeoES InSAR have also 
taken place, and InSAR data processing training course is planned for 2008.  Figure 25 shows an 
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example of PBO GPS site installations that were improved by analysis of InSAR imagery in the 
California Central Valley. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 21: GeoEarthScope LiDAR imagery of San Andreas fault near Page Mill Road, San Francisco bay 

area including a) unfiltered (full feature) DEM, b) filtered (bare earth) DEM, c) aerial photo of same area, 
and d) filtered LiDAR DEM with feature interpretation including surface trace of the 1906 rupture. 
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 Figure 22.  GeoEarthScope northern California 

airborne LiDAR coverage map.  Additional 
LiDAR projects planned for GeoEarthScope 
include targets in southern/eastern California, the 
Intermountain Seismic Belt (Yellowstone, Teton, 
Wasatch), the Pacific Northwest, and Alaska. 

 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 

Figure 23.  GeoEarthScope InSAR imagery data acquisition plan. 
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 Figure 25. Example of PBO GPS site 

installations that were improved by analysis of 
InSAR imagery in the California Central Valley. 

 Figure 24. GeoEarthScope InSAR deliveries from 
European Space Agency (ESA).  

 
Geochronology activities were managed differently than imagery activities in that UNAVCO 
was not responsible for direct data acquisition.  To support GeoES geochronology, UNAVCO 
has funded twelve laboratories to provide geochronology services to PIs who are independently 
identified and supported by NSF via the standard proposal process.  UNAVCO funded labs were 
identified through a review process that included a formal request for proposals (RFP) issued by 
UNAVCO in February 2007.  UNAVCO received more than 50 responses to the geochronology 
RFP Notice of Opportunity and 32 responses to the actual RFP.  These lab proposals were 
evaluated by the GeoES geochronology working group and specific ranking and funding 
recommendations were submitted by the working group to UNAVCO and NSF.  Following NSF 
approval, UNAVCO acted upon the working group's recommendations and, as of November 
2007, all allocated funds to support geochronology have been distributed by UNAVCO to the 
geochronology labs identified by the RFP process.  Primary geochronology activities on the part 
of UNAVCO have therefore concluded.  Techniques to be provided by these labs include 14C, 
OSL, Cosmogenic, (U-TH)/He, Fission Track, 40Ar/39Ar and U-Pb (Table 4). 
 
Table 4. GeoEarthScope geochronology labs. 
Technique  Lab (Lab Manager)   Award Amount 
•14C   LLNL (Guilderson)    $50,000 
•14C    UC Irvine (Southon)    $50,000 
•OSL   Utah State (Rittenour)   $50,000 
•OSL    U. of Washington (Feathers)   $50,000 
•Cosomogenic U. of Kansas (Walker)   $53,280 
•Cosomogenic PRIME Lab (Caffee)    $150,000 
•(U-TH)/He  U. of Arizona (Reiners)  $120,000 
•Fission Track AtoZ (Donelick)    $60,000 
•40Ar/39Ar  New Mexico Tech (Heizler)   $40,000 
•40Ar/39Ar  Berkeley Geochron Ctr (Renne) $40,000 
•40Ar/39Ar  U. of Florida (Foster)    $40,000 
•U-Pb   MIT (Bowring)    $100,000 
       Total: $803,280 
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Awards to external organizations to support GeoES activities this period were prepared and 
issued to the following organizations for a total commitment of approximately $2,835,392.  
 
Airborne LiDAR imagery 

• University of Florida, NCALM ($474,380) 
• Ohio State University ($130,493) 
• Arizona State University ($150,442) 
• UC San Diego (SDSC) ($160,371) 

Satellite InSAR imagery 
• University of Alaska Fairbanks ($216,426) 
• European Space Agency ($900,000) 

Geochronology 
• Total ($803,280) 

 
Critical GeoES milestones have been and continue to be met, and the total GeoES budget of 
$4,750,000 is on track to be spent by September 30, 2008. 

2.4 NASA Global Infrastructure Support  

UNAVCO with JPL provides support for the NASA GPS infrastructure through a network of 76 
permanent GPS stations called the Global GPS Network (GGN) which represents approximately 
20% of the stations that make up the IGS global network (Figure 26). Data from these stations 
are used to produce highly accurate products that are essential for Earth science research, 
multidisciplinary applications, and education. The UNAVCO Facility also supported the 
operation of the International GNSS Service Central Bureau under this CA on behalf of NASA. 
This support principally involved operating backup mail and web servers for the IGS, supporting 
TEQC, and providing logistical and administrative support to IGS meetings and workshops. 
 

 
Figure 26: The 68 core station comprising NASA’s GNSS Global Network (GGN) UNAVCO is NASA’s primary 
service provider for handling station related issues. 
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In supporting the GGN network, the UNAVCO Facility responds to more than 1300 individual 
station troubleshooting and maintenance issues in an average year, or more than 100 each month. 
These include GPS equipment, computer, and communications upgrades at several GGN 
stations. A high priority during this grant period has been to upgrade and modernize the GGN 
network to best meet the increasing demands for timely and high-rate data sets. Together with 
the Jet Propulsion Laboratory (JPL), UNAVCO operates over 40 high-rate (1 Hz), real-time 
stations on every continent. Keeping these stations upgraded with the best possible GPS 
equipment, computer systems, and communication infrastructure has been the top priority of the 
Facility. In addition, 11 new stations have been installed during this period, of which two are 
real-time high rate stations, three delivery data hourly, and six are in support of the JPL-NASA 
sponsored Global Civil Tracking of the Block II-RM L2C Signal Experiment (these are also real-
time, high rate stations). 
 
New stations have been installed in Solar Village, Saudi Arabia; a collaboration with King 
Abdulaziz City for Science and Technology (KACST) and MIT. The long standing IGS station 
on Easter Island was replaced with a new installation using a shallow drilled-braced monument, 
new GPS equipment, a MET-Pack, and co-sharing VSAT communication with IDA and NOAA.  
A high-rate, real-time station was installed in Richmond, Florida using a NetRS receiver. A 
NetRS receiver was also installed in Dar es Salaam, Tanzania in collaboration with the 
University of Dar es Salaam. This station also utilizes state of the art wireless 802.11 radios to 
extend the local Internet connection to the receiver. Late last year a station was installed outside 
Antananarivo, Madagascar, in collaboration with the Institute Observatory of Geophysics of 
Antananarivo (IOGA), University of Antananarivo. The six L2C stations are all operating 
Trimble NetRS receivers (the only product at the time to offer L2C tracking) at existing IGS or 
GGN stations. Some are running off existing antennas, others are separate installations at the 
existing facilities. The L2C locations are Kokee Park, Hawaii; Fairbanks, Alaska; 
Hartebeesthoek, South Africa; Ny-Aalesund, Spitsbergen (Norway); McMurdo, Ross Island 
(Antarctica) and at the UNAVCO Facility in Boulder, Colorado.  Figure 27 is a graph showing 
the number of supported GGN stations. 
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Figure 27: Number of supported GGN stations. 
 
Engineering field trips and station upgrades number over a hundred during this grant period. This 
includes shipping of upgrade equipment to stations worldwide and actual UNAVCO engineering 
site visits. The most important engineering station visits include GPS equipment and computer 
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upgrades, telecommunication upgrades, general station improvements such as antenna cables, 
and other auxiliary equipment, and the addition of external frequency standards.  
 
The most significant and noteworthy station upgrades include download and computer upgrades 
at the Cachoeira Paulista, Brazil IGS station, including data retrieval and distribution from one 
other station in Brazil; new ADSL Internet installation at the Mahe, Seychelles station enabling 
much more reliable and timely download and troubleshooting; and a computer upgrade at the 
Mbarara, Uganda station. This station is using an IDA VSAT link, and significant outages have 
occurred in the past year, but a VSAT upgrade is planned for FY2008. Both the Harvest and 
Quincy stations in California have had new Hughes VSAT systems installed for data off-loading, 
and QUIN is delivering high-rate, real time data. The Pie Town, New Mexico station had a 
complete site overhaul including a second Ashtech GPS receiver installation and an antenna 
swap, new low-loss antenna cable in protective conduit, new computer, and connection to the 
site H-Maser frequency standard. This upgrade mitigated long standing tracking problems at the 
site related to the old antenna cable(s) and antenna. Pie Town is also an important high-rate real 
time station. Stations in St. Croix and Quezon City, Philippines had new low loss antenna cables 
installed to mitigate tracking problems, and replace an outdated radio link, respectively. Wireless 
(Internet) 802.11 radio links have been installed in Cordoba, Argentina to take full advantage of 
the real-time software from JPL. The important station on Diego Garcia was connected to full-
time Internet through a contract with the local Cable and Wireless Company, and has been an 
important contributor to the GGN network. And lastly, the IGS station in Shanghai, P.R.C. was 
connected to a direct Internet connection, and a local H-Maser source was added to the receiver. 
 
During this grant period most all TurboRogue receivers have been replaced with newer 
generation recievers. The first round of upgrades included Ashtech Z-XII3 receivers, and first 
generations Ashtech CGRS receivers. The second round of upgrades have utilized new Trimble 
NetRS receivers for some stations, and upgraded Ashtech CGRS and iCGRS (Internet) receivers. 
There are currently 24 Ashtech CGRS or iCGRS receivers in the GGN network and 11 Trimble 
NetRS receivers. 
 
Computer systems are being upgraded on a continuous basis to adhere to strict NASA computer 
security regulations, and most stations are currently running Fedora Core 4 (FC4) Operating 
Systems. The computer platforms have evolved as well and today include rackmount Linux 
systems and small, low-power mini-pc units. The mini-pc units are especially useful at stations 
with limited space and stations running of limited DC (solar) power. Although small in size and 
low power, the mini-pc computers are not lacking in durability and computer power for the GGN 
network. 
 
The UNAVCO Facility has acquired 10 new Ashtech iCGRS receivers (as it turned out these 
were the last 10 available to us) for use in the GGN network, as well as 11 Ashtech CGRS 
receivers traded from the Facility.  
 
Other NASA-GGN activities at the Facility during this grant period includes the constructions of 
a test facility outside Boulder for the investigation and test of new GPS equipment, and to study 
the effects of equipment changes (such as antennas, radomes, and receivers) on the GPS solution 
of a given point. This research is invaluable to ensure stable network solutions when the time 
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comes to upgrade the GGN network to accommodate for new GPS frequencies (L2C and L5), 
and new satellite networks (Galileo). In constructing the test facility great care was taken to 
construct a repeatable and solid antenna monument that could be used to distinguish equipment 
changes and ensure the highest data quality and reliability. Two other monuments (including one 
PBO station) are also located close by to serve as reference points for local surveys. Equipment 
testing is ongoing and the first phase of surveying in the new marks has been finished. 
 
The Facility has also conducted numerous in-house tests during this period. They include 
Trimble antenna rotation tests, GPS receiver temperature chamber tests, Iridium satellite 
transmitter interference tests, Hughes VSAT communication tests, wireless (802.11) network 
tests, and several generations of computer OS and hardware tests and configurations. In addition 
tests have been conducted on serial-to-Ethernet devices, Networked Transport of RTCM via 
Internet Protocol (NTRIP) software configurations, and receiver firmware compatibility and 
functionality. New receivers have also been going through rigorous tests for evaluation for 
potential use in the GGN network. These tests also benefit Facility field operations, UNAVCO 
member activities, as well as the greater GPS community at large. 
 
UNAVCO also continues its ongoing maintenance and support of the teqc software package and 
the collaboration GGN has with IDA, IRIS and NOAA in installing and operating stations 
around the world.  UNAVCO is also an active partner in the AFREF initiative. UNAVCO and 
JPL participants were attending the first workshop in Cape Town, South Africa in July 2006, and 
since then have supported another workshop and training activities in Kenya. As mentioned 
above; one new station was installed in Madagascar late last year, another in Mauritius this year, 
and another is being installed with UNAVCO GGN equipment in Kenya later this year. The 
GGN station in Tanzania will also contribute to the AFREF initiative. 
 
Also for NASA, UNAVCO supports the operation of the  International GNSS Service (IGS), 
which is  is an international, cooperative GNSS network where participants provide fiducial 
station data and analysis to generate and compare orbits and clock estimates for GPS users 
worldwide. The IGS Central bureau (IGSCB), located at JPL, is responsible for coordinating the 
activities of the IGS. UNAVCO provides crucial support to the IGSCB, which is closely 
managed and coordinated on an ongoing basis with IGSCB Director and Network Coordinator.  
Principal activities supported include: maintaining the capability to provide backup access to 
critical data and products for the IGS and mirror the IGS mail system in case of failure; 
supporting the maintenance of UNAVCO’s TEQC (Translation, Editing and Quality Check) 
software that is commonly used for data conditioning by the GGN and most IGS participants; 
supporting network coordination by participating in discussions with the CB and/or the IGS 
Infrastructure Committee on relevant topics such as equipment calibration, station operations, 
and data formats; participating in special experiments such as the global L2C experiment (Figure 
28) to demonstrate IGS capabilities or interests, attending IGS meetings and workshops to share 
ideas and participate in equipment and station discussions for the improvement of the network; 
interface with GPS manufacturers on receiver and antenna issues; and provide organizational and 
business support to the IGSCB as necessary to effectively manage and conduct the IGS business.  
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Figure 28. IGS Global L2C Experiment is being conducted to monitor the L2C signal and demonstrate civil interest 
in the modernized GPS. UNAVCO is supporting this experiment by deploying six of the thirteen stations with this 
capability. Stations deployed by UNAVCO are co-located at GGN stations and operated jointly with JPL. 
 
To implement and manage tasks and budgets for NASA, UNAVCO maintains an annual 
Statement of Work (SOW) in collaboration with relevant JPL Managers to ensure that strategic 
goals are planned out and met, as well as the budgetary goals of each fiscal year and the grant as 
a whole. In support of the SOW and daily activities at the Facility, teleconferences are being held 
about twice a month to coordinate efforts related to the operation of the GGN network. The 
Facility also provides monthly progress reports of activities and updated plans to the JPL-PEM.  
Table 5 shows NASA Core Engineering Performance Metrics which summarize the work 
conducted during the period of this CA. 
 
Table 5. Engineering  Performance Metrics – NASA CORE (10/03 -11/07) 
WBS   Task  Performance Metrics Numbers 

 Engineering and 
Equipment Services 

  

1.2.1.2 
 
1.2.1.2 

Permanent Station 
Operations 

# stations monitored (on 
O&M list), 
# station troubleshoot events 
# new stations installed 

 
76 
 
>4025 
11 (incl. 6 L2C) 

1.2.1.3 Permanent Station 
Maintenance 

# field trips or upgrades  
>120 

1.2.1.4.1 Development and Testing # D&T projects completed  
>20 

1.2.1.4.2 Equipment Repairs # receivers repaired >40 
 Data and Data Product 

Services 
  

1.2.2.2 Archiving and data 
management 

# permanent stations handled 66 

1.2.2.4 Community Software #TEQC downloads, #TEQC 
web information requests 

Same as NSF  
1.1.2.1.4 above 
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3.0 Management of the UNAVCO Community Equipment Pool  

UNAVCO manages a community equipment pool of 380 high precision GNSS receivers and 
ancillary equipment, which are owned by NSF/UNAVCO and used by investigators (Table 6). 
UNAVCO outfits, maintains, repairs and supports these on projects. The pool consists of a 
variety of receiver models configured for use in campaigns and permanent stations. Most of 
these are newest generation models that were purchased within the last three to four years 
(Figure 29). Older generation models are being phased out as funding becomes available to 
replace them. Many of the permanent or semi permanent station systems were purchased by NSF 
for use by specific investigations. Though these are assigned for long term use, they are tracked 
by UNAVCO as pool equipment, as they are owned by NSF and may be recalled for other 
community uses in the future. Also, the portable pool of 100 Topcon GB-1000 campaign 
receivers purchased specifically for the EarthScope science investigations is maintained and 
supported by the Facility. 
 
As a result of very favorable pricing negotiated by UNAVCO, many receivers were purchased 
by the community, Facility and related projects over the last three years. The UNAVCO 
equipment support role has broadened as a result to include support for these additional 
receivers, including providing repairs and technical support to users. Several NSF programs have 
contributed to purchasing the receiver pool, including Instrumentation and Facilities, Arctic, 
Antarctic and EarthScope. Economies of scale are developed by managing this equipment in a 
shared fashion. Although each sub pool is managed for first priority access by specific 
investigations, equipment is shared as practical and the pools are maintained together to help 
reduce overall equipment costs.  The UNAVCO Facility has supported over 537 NSF-EAR and 
other program funded campaign and mix mode projects. 
 
Table 6. The community equipment pool consists of approximately 380 high precision GNSS receivers and 
ancillary equipment for campaign and permanent station use. The pool is managed and maintained by 
UNAVCO for use by investigators (numbers shown are current as of December 2007). 

Model EAR OPP EarthScope 
(ES) Total Assigned 

Long-Term 
Available Total
(EAR-OPP-ES)

Trimble NetRS Perm 
Station Systems 

24 - - 24 
 

24 0 
(0-0-0)  

Trimble NetRS 
Campaign Systems 

63 31 - 94 53 
 

41 
(23-18-0) 

Trimble 5700/R7 
Campaign Systems 

39 66 - 105 50 
 

55 
(22-33-0) 

Topcon GB1000 
Campaign Systems* 

- - 100 100 25 75 
(0-0-75) 

Ashtech MicroZ 
Campaign 
Systems** 

9 - - 9 3 6 
(6-0-0) 

Trimble 4000 Series 
Campaign 
Systems** 

38 10 - 48 36 
 

12 
(12-0-0) 

Total*** 173 107 100 380 191 189 
(63-51-75) 

*For projects in the EarthScope footprint only. 
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**Older generation receivers being phased out of use. We expect to replace these over next 5 
years. 
***Includes only UNAVCO owned equipment. Does not include 39 other community owned 
receivers that are seasonally available to PIs through the pool. 

 
 

 
 
 
 
 
 
 
 
 
 
 

Figure 29. Example newest generation campaign systems. Packaging was designed by UNAVCO. 

Pool equipment is always highly subscribed. A historical plot of equipment pool size and usage 
is shown in Figure 30, which illustrates significant growth in the demand supported over the past 
several years.  
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Figure 30. UNAVCO Facility Receiver Pool. Shown are total number of available combined EAR and OPP pool 
receivers by receiver type and the utilization of these receivers throughout the last 3 years. The older generation 
Trimble 4000 series receivers are being phased out of use and replaced with newer instruments, though demand for 
them has remained high. 

Community GPS Receiver Purchases and Pricing Program. As a benefit to members, 
UNAVCO has negotiated special pricing with a number of vendors who supply GPS receivers 
and other equipment that is commonly used by the community and supported by the Facility 
(Figue 31). Discount pricing is provided both due to quantity discounts on pooled purchases, and 
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because the UNAVCO Facility, rather than the manufacturer, handles many repairs and other 
technical support issues from the end users. 268 receivers were purchased under this program in 
2007 (not including August 2007 community buy) making the total number of receivers 
purchased as of the time of writing this report at over 2,100. The Trimble purchase contract, 
which was set to expire in 2008, was extended for 5 years at current pricing levels. 
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Figure. 31 Receiver Purchases under UNAVCO Purchase Program. Favorable pricing negotiated by UNAVCO 
has allowed many receivers to be purchased by the community. This has broadened support to include technical 
support and repairs for many more users than in the past (quantities shown on figure do not include receivers 
purchased for the PBO permanent network or Nucleus). 

GPS Receiver Repair.  In addition to the community pool, UNAVCO is responsible for 
supporting and repairing over 1900 additional GNSS receivers that are used for NSF and 
UNAVCO member projects (Table 7). Approximately 839 of these have been purchased by 
members through the UNAVCO purchase program. These are used for many applications, 
including permanent installations in networks, or housed at universities for periodic research use 
or education. UNAVCO plans to continue to provide first level technical support and repairs for 
these systems. UNAVCO is also responsible for repairing the 875 PBO and 210 Nucleus 
receivers under this proposal, though the operation, field servicing and maintenance for these is 
supported by the PBO project under a separate cooperative agreement. Over the last year over 
152 receivers were handled and repairs made in house or were sent back to the manufacturer for 
repair if warranted. 
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Table 7. GPS receivers supported and repaired by UNAVCO (through February 2007). 

Owner or assigned to Number of 
Receivers Support Provided Under this Proposal 

UNAVCO Pool 380 Full management, support and repairs 
Other Community Receivers 39 Seasonal management, support and repairs 
PBO Project 875 Repairs only 
Nucleus Project 210 Repairs only 
Members 839 Technical support and repairs 
Total 2328  

4.0 Data Support 

The UNAVCO Boulder Facility provides data management and archiving support for high 
precision campaign and permanent station GPS data collected by community investigators at 
locations around the globe (Figure 32). The Data Group also manages the WInSAR data archive 
at UNAVCO. The Data Group maintains an extensive collection of computer and storage 
systems hardware and associated data management software, database tools and web access tools 
to manage this important task. Over the period of the Cooperative Agreement, the Data Group 
developed a scalable archiving and distribution system including significant hardware upgrades 
and software enhancements needed to handle a dramatic increase in numbers of stations and data 
volume (Figure 33 and Table 8).  
 
NSF’s significant investment in GPS data collection reaps its full benefit over time, as new data 
reveal longterm position changes and velocity trends as well as short-term anomalies. The 
UNAVCO Archive plays a key role in longterm GPS data and data product safe storage and 
accessibility. During FY2006 and FY2007, UNAVCO migrated the WInSAR system to UNAVCO, 
adding a significant volume of  InSAR data to UNAVCO’s data holdings. 
 

 
Figure 32. The red dots show the 9832 monuments with archived GPS data through the end of  2007; the dots 
outlined in black show the 2740 monuments with data archived during FY2007; the dots outlined in white are 
monuments with associated data archived during prior fiscal years. 
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GPS Data in the UNAVCO Archive 

The UNAVCO Boulder Facility provides data products and archiving support for high precision 
campaign and permanent station GPS data collected by community investigators. Holdings 
include 710 campaigns and 1810 permanent stations; 1572 permanent stations were actively 
returning data at the end of 2007. Data in the Archive are associated with 9832 globally-
distributed monuments as shown in Figure 32. During this Cooperative Agreement, data flow 
management and archiving for 1540 additional permanent stations were put in place, and 239 
campaigns were added to the Archive. Table 9 shows the Work Breakdown Structure metrics 
reporting for UNAVCO archiving  and data distribution activities for 2004-2007.  
 
Archived data are held in an online repository enterprise-class RAID system behind the 
UNAVCO firewall. Copies of this data in RINEX format are available on our anonymous ftp 
pickup system for permanent stations and selected campaigns. The cumulative data volume in 
the online repository grew by 86% during FY2007 and now exceeds the 5-terabyte (tb) mark 
(Table 9 and Figure 33). Including the data volume in the ftp pickup public Archive, the total 
Archive holdings stand at just over 8 tb.  
 
  Table 8: Boulder Archive Statistics FY2004 to FY2007 

 Permanent Stations Handled (per year) Campaigns Processed (per year) 
 # Archived # Files GBytes #Archived # Files GBytes 
FY 2004 380 129,820 245.0 71 19,805 25.4 
FY 2005 681 293,949 666.7 41 8,770 83.3 
FY 2006 1,133 636,340 1,520.4 39 11,038 39.7 
FY 2007  1,572 645,931 4,382.1 88 20,060 160.3 
Total 
(includes pre 
FY2004) 

1,810  
w/data 1,995,593 7,236.4 714 131,252 387.5 

 
Table 9:. Work Breakdown Structure metrics reporting for UNAVCO archiving  and data distribution 
activities for FY2004-FY2007 

WBS Report – Facility Data Group – 2004-2007 
WBS Element Metric Quantity 
NSF  Data and Data Products Archived 
1.1.2.1.2 Campaign files archived 59,673 
1.1.2.1.2  Permanent station files archived 1,706,040 
NSF Data and Data Products Accessed 
1.1.2.1.3 Campaign files accessed 55,652 
1.1.2.1.3 Permanent station files accessed 19,883,144 
NSF and NASA Community Software 
1.1.2.1.4 and 1.2.2.4 Community software – TEQC downloads 14,065  

(2006 – 2007 only )
NASA Stations Data/Metadata 
1.2.2.2 Permanent stations handled 67 
 
The number of files archived during FY2007 only slightly exceeded the number archived the 
previous year. A large number of files for the historical data for the Nucleus project archiving 
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was completed during FY2006, such that the number of files archived was high compared to the 
number of permanent stations. The data volume more than doubled during FY2007 due to the 
archiving of 1.3 Tb of high rate (5-Hz) PBO data. The number of campaigns archived picked up 
significantly during FY2007, but the percentage of data volume coming from campaign data 
stands at just over 5%. 
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Figure 33 (left). UNAVCO Archive cumulative GPS data volume in the online repository by fiscal year. 
 (right). UNAVCO Archive data GPS volume added to the online repository each fiscal year. 
 
EarthScope PBO and Nucleus Data Support 

The UNAVCO Archive holds all PBO and Nucleus data and products. PBO and Nucleus data 
now account for more than two-thirds of the Archive’s GPS holdings. Archive staff coordinate 
with PBO and Nucleus staff to setup new stations and track changes in station metadata. Part of 
the archiving effort in support of PBO during FY 2007 involved completion of a secondary 
public ftp copy of the data at the IRIS Data Manangement Center. Further plans for creating a 
fully capable secondary offsite data mangement system that could handle all PBO data flow and 
archiving are in progress. 
 
Archive IT Infrastructure 

Figure 34. GPS data archiving systems and 
enterprise RAID.

During the span of this Cooperative Agreement, the Data Group began implementing plans to 
maximize scalability and availability of Archive systems, in part to prepare for PBO data 
archiving. The UNAVCO Archive GPS data volume is 
expected to grow by as much as 6 tb per year in the next 
several years. Upgrades to archiving systems were put 
in place durng FY2007 to ensure that archiving will 
scale appropriately with the increases in station 
numbers through the next several years. These upgrades 
include “stackable” processing systems that are 
identical in hardware and software so that as additional 
throughput is needed, systems can be added to the stack 
and require little more than configuration. Incoming 
data are stored and archived onto expandable JBOD 
storage systems that are sized to hold about one month’s 
worth of data. A copy of this incoming data is also 
transferred nightly to our offsite system at IRIS. After 
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one month, the archived data are transferred to long-term storage on enterprise-class RAID 
storage (Figure 34).  
 
An integral part of the archiving system is the offsite secondary copy of all publicly available 
data that was established with impetus and funding from the Plate Boundary Observatory. This 
offsite system is dynamically updated, meaning that for every file that is archived, a local and an 
offsite public copy is stored. The offsite system is a live ftp server; when maintenance, power 
outages, network outages or other interruptions occur at the Boulder Data Center, network DNS 
designation allows the offsite system to stand-in for the Boulder ftp pickup. This results in high 
availability for customers. It does not allow for continued archiving of incoming data, however. 
Planning for development of an offsite warm failover capability is underway. 
 
The archived data are backed up in several ways. Data on the enterprise RAID system are 
synchronized daily to a secondary copy on an independent system RAID. Once a month the 
previous month’s long-term archived data are copied to LTO tape. As noted above, the incoming 
data are also stored offsite on a daily basis; this ensures that no loss of recently archived data 
happens due to media failure during the interval between archiving and scheduled tape backups. 
Each month, a second tape copy of the newest data is shipped to the IRIS Data Management 
Center for an offsite backup.  
 
During the past two years, again because of requirements of the PBO project, the Archive has 
developed systems for data management and archiving of event-driven high rate (5 samples per 
second) GPS data. When this data is being delivered, it dwarfs the data volume of everyday 
traffic, sometimes delivering within a few days four times the typical monthly volume handled 
by the Data Center.  This occurred for three large global earthquakes and one regional event 
during 2007. Data management procedures that handle this influx of data without adversely 
impacting the latency of normal traffic are important to the needs of everyday customers, and not 
trivial to achieve. Because more stations are installed every year (not just PBO), and the interest 
in high rate GPS data remains keen, the need for highly scalable data management and archiving 
systems has emerged. Scalability pertains to every component of the system: automated data 
handling software, database, metadata management, throughput, bandwidth, infrastructural 
elements, storage, all must be considered. The Data Center has implemented software that 
facilitates scalability enhancements to meet the growing data management, archiving, and data 
access needs of the UNAVCO community, and has initiated implementation of a hardware 
design that will meet scalability needs in the future. As data management needs continue to 
increase, the Data Center will add necessary hardware to handle the anticipated load. 
 
Permanent Station Data and Metadata Flow 

The Facility data management process utilizes multiple databases with local and web forms, 
reports and map interfaces to manage critical station and file metadata. Databases facilitate 
network operations and maintenance and provide for user search capability for access to data and 
metadata. Data are transferred to the Facility via a variety of data transfer methods (ftp push and 
pull, LDM-IDD, email, and manual data transfers) (Figure 35) and are managed via a series of 
staged computers that automatically pre-process, quality check and translate the data. The core 
software utilized for the automated archiving process has been developed and is maintained by 
the Facility. A key component is UNAVCO’s TEQC, an extensive translation, editing and 
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quality checking program for GPS data that is used by hundreds of processing groups around the 
world.  
 
Station metadata are verified using database cross-checks between equipment, operations and 
archive databases. Archive personnel interact regularly with NSF investigators to facilitate the 
flow of data and metadata into the Archive. Permanent station investigators and engineers can 
submit changes to their site metadata via the operations database. That information is validated 
before being migrated into the Archive metadata database. The operations database generates 
updated IGS logs whenever pertinent database fields are changed. 

Figure 35. UNAVCO permanent station network data flow.
 

          
 
Archived Data Access 

During FY2007, a significant development effort was devoted to an enhanced web-based search 
and data access capability. The search mechanisms for permanent station data include station, 
temporal, geographic, and spatial search criteria. The user can choose to include any or none of 
these criteria in their search. Search results are shown on both a map view and as a tabular view 
showing customizable metadata columns. Simple data access is provided once the search is 
complete. The map view is based on Google Maps technology. There are several advantages to 
using this techmology: Google Maps provides an Application Programming Interface, the 
display engine, map manipulation GUI tools, and base maps including satellite imagery. The user 
only needs a browser and does not need to load additional client software on their local system. 
Figure 36 shows several views of the new search pages. 
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Figure 36. UNAVCO’s new Archive web search and data access interface. 
 
UNAVCO’s data holdings are publicly available, subject to UNAVCO/NSF Data Policy, and are 
made available to users in a number of ways. All permanent station data archived are 
immediately translated to RINEX and put on the UNAVCO anonymous ftp pickup area. The 
permanent station RINEX holdings available anonymously include over 1.9 million compressed 
files on  over 5 terabytes of RAID disk space. Anonymous ftp pickup of GPS data from the 
Archive occurs at an average rate of 26,000 files per day, with occasional burst activity at over 
200,000 files per day.  Figure 37 shows outgoing ftp statistics by Internet domain of the 
customer.  
 
Data from campaigns that are anonymously available according to the Data Policy can be 
accessed directly through the Archive’s campaign search pages. Campaigns that are not 
anonymously accessible and that are beyond their 2-year grace period can also be accessed 
through the search pages; in this case the data are available by request to the Archive. The 
Archive fulfilled 115 requests for campaign data during calendar year 2007. The web-based 
request system has simplified the process for investigators to access campaign data. 
 
Raw and RINEX Archive data holdings, including URLs to the data files, are cataloged and 
published to the GSAC (GPS Seamless Archive Centers). This cataloged information is 
maintained in GSAC Retailer databases at SOPAC and UNAVCO. Through scripts or a web 
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interface, users can search for GPS data using spatial, temporal, and other search criteria and 
receive back metadata about holdings and URLs directly to the data files of interest at the 
Archive. The Archive has been producing Wholesaler information (GSAC format catalog of 
holdings) for the GSAC since 1999. This operation occurs automatically in conjunction with data 
injection into the Archive. 
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Figure 37. Anonymous ftp pickup from the UNAVCO 
Archive by Internet domain. 

 
SOPAC Archive 

UNAVCO supports archiving of GPS data at the Scripps Orbit and Permanent Array Center 
Archive through a subcontract. Within its extensive holdings, SOPAC mirrors copies of 
UNAVCO Archive data, and acts as an IGS Global Data Center. SOPAC continues to support 
the GPS Seamless Archive Center (GSAC) through assistance to GPS data center participation 
using SOPAC-developed tools, and providing user access tools. 
 
Science Products 

In addition to GPS raw and RINEX  primary data, the Facility maintains science product 
archives for the UNAVCO Global GPS Velocity Field (GPSVEL) and International Lithosphere 
Program (ILP) Global Strain Rate Map (GSRM) projects. The Facility also provides tools for 
scientists and the general public to utilize Earth science data, especially GPS data.  
 
Data Management Software 

UNAVCO has developed a binary GPS data exchange file and/or streaming format (BINEX; see 
website http://binex.unavco.org) as a flexible, extensible, compact alternative to the ASCII 
RINEX file format. BINEX is the future raw file format for PBO data and is now  or soon to be 
implemented in certain Ashtech, Leica, Topcon, and Trimble GPS receivers.UNAVCO 
maintains a listserve on BINEX for support of community BINEX developers and users. 
 
UNAVCO continues to develop and support the TEQC (GNSS Translation, Editing and Quality 
Checking) software package that is extensively used by the GPS community and remains the 
foundation of data input and output for the Facility Archive. TEQC is used nationally and 
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internationally for major networks such as SCIGN, BARGEN, PANGA, and NASA’s GGN. 
TEQC software is downloaded an average of  20 times per day.  
 
Project and Operations Database 

The UNAVCO Project and Operations Databases hold critical administrative and operational 
information for UNAVCO. The equipment component of the database is used within UNAVCO 
for tracking thousands of pieces of equipment used in installations worldwide. The permanent 
station metadata tracking component of the database is used by project engineers and PIs to 
document station installations and to maintain updated permanent station metadata. During 
FY2007, maintenance and usability improvements were made on these databases. New reporting 
tools were added. 
 
InSAR Archives 

During FY2006, the WInSAR Consortium voted to accept UNAVCO as the new home of 
WInSAR and UNAVCO assumed the administrative and technical management of WInSAR 
archive. With the transition WInSAR became an official Standing Committee of the UNAVCO 
Board and the charter of the WInSAR Standing Committee was developed and accepted. 
UNAVCO sponsored the 2007 WInSAR meeting at the Fall AGU. Also in 2007 a new WInSAR 
proposal was written, submitted to NSF and subsequently accepted for NSF and NASA support 
for the Facility operations and new data acquisition. 
 
During FY2006, UNAVCO received the complete WInSAR software set from CalTech and 
Stanford, and got the existing ingestion software running for UNAVCO’s systems. UNAVCO 
also has the WInSAR physical archive of CD and DVD discs. UNAVCO’s WInSAR system 
currently has holdings of 1.5 terabytes. Enhancements to the website software have been made. 
Additional enhancements to the database and data request, display, and access mechanisms are 
planned. As discussed previously, the bulk of UNAVCO’s SAR operations were focused on a 
massive data buy and development for GeoEarthScope. The GeoEarthScope data system was 
built using WInSAR software but is managed separately due to data provider constraints on data 
distribution. 
 

5.0 Education, Outreach and Diversity 

In the period of 2003 through mid-2004, UNAVCO’s Education and Outreach activities included 
field-based student training, development of posters and brochures describing geodynamic 
applications of GPS, producing web-based resources for viewing and analyzing GPS data 
(including the Jules Verne Voyager map tool), supporting the International Lithosphere Project’s 
Global Strain Rate Map, and providing content and technical resources in support of NASA’s 
Project GLOBE. Staff and community members whose primary responsibilities were elsewhere 
led these efforts and no specific budget lines or formal program mandates supported these E&O 
activities.  
 
Beginning in mid-2004, the E&O Program expanded its efforts to reach all of our targeted 
constituencies: researchers, students and teachers at the secondary school and college level, and 
the public. The E&O Standing Committee and the E&O Director developed a strategic plan in 
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2005 that includes a mission statement, goals, and a rationale for selecting audiences and 
activities (http://www.unavco.org/edu_outreach/about/docs/EOSC_8-06.pdf). 
 
The mission of UNAVCO’s Education and Outreach Program is to promote a broader 
understanding of Earth science through the scientific methods, data, and results of the unique 
suite of scientific research of UNAVCO’s community. We will foster collaboration between the 
scientific and educational communities and will increase the number and diversity of students to 
strengthen and sustain the next generation of Earth scientists.  
 
Goals: 

• Increase the understanding and public appreciation of geodynamics and earth 
deformation processes and their relevance to society. 

 
• Broaden the use of UNAVCO community data and tools by a wide audience of 

educational and research users. 
 

• Increase the diversity and broader participation in geoscience education and research.  
 

• Build a sustainable community of UNAVCO scientists and educators engaged in 
education and outreach. 

 
• Collaborate with other organizations to provide systemic impact on geoscience education. 
 

A summary of major education and outreach projects is listed below with the goal, products, 
resources, and evaluation for each project.   

Materials and Professional Development for Earth Science Educators at Secondary and 
College Levels 
A full time E&O person was hired under this grant to produce educational materials for 
secondary Earth Science and college level audiences.  Our ‘basic’ E&O program began in 2005.  
Extensive materials have been developed for Earth Science Teachers and successful professional 
development workshops have been done through regional and national science and education 
meetings.   
We are moving toward a model of fewer distinct workshops at meetings and more integration 
with multi-year professional development projects within our community.  Teachers on the 
Leading Edge (Cascadia Region, Bob Butler, PI), POLENET (polar regions, T. Wilson PI), PIRE 
China project (Missouri, M. Lieu PI), Puerto Rico GPS Network (Puerto Rico, G. Wang, PI), 
TXESS Revolution (Texas, K. Ellins PI) are among the projects we are supporting and which 
project some resources for sustaining our educational programming.   
 
Access to educational materials is through a newly designed E&O website in March, 2006 and a 
community web space initiated in 2006 to hold downloadable materials for the variety of 
workshops held by UNAVCO:  www.unavco.org/cws.  
 
A major product of this work is the formation of a ‘Data for Educators’ portal to GPS data.  
Because PBO presents processed data, we have gleaned ‘good, clean’ data which is useful for 
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showing different types of crustal movement.  These data are linked to exercises which put the 
data into an educational context for learning both about GPS and tectonics (Figure 38).   
 
The Master Teacher-in-Residence and Faculty-in-Residence programs provide a forum for 
middle and high school teachers and college faculty to help develop and test new materials for 
education.   
 
 
 
 
.   
 
 

Figure 38. One pager with image of the Data for Educators page as 
well as descriptions and links to UNAVCO educational resources 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
A list of all workshops can be found at:  
http://www.unavco.org/edu_outreach/about/documents.html.  Figure 39 shows the number of 
people served. 
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Figure 39: number of people served  
 
Ongoing assessment and evaluation for educational materials and workshops are provided by an 
external evaluator paid for by this grant.  Data are collected within each workshop and other 
evaluation is done externally through surveys, interviews, and focus groups.  The evaluation plan 
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and existing results can be found at http://www.unavco.org/edu_outreach/about/documents.html 
and a final report is due in early 2009.   

RESESS 
Research Experiences in Solid Earth Science for Students (RESESS) combines structured 
mentoring, ongoing research internships, and a supported learning community, for undergraduate 
students from underrepresented groups in order to increase the diversity within solid Earth 
sciences. RESESS builds upon the knowledge and skills that make an existing program, 
SOARS®, so successful. RESESS interns follow the SOARS organizational, structural, and 
social model, centered on a series of 10-week summer internships in Boulder, Colorado. The 
internships include a research project in collaboration with a solid Earth scientist who is trained 
as a mentor, an experience of living and working with other students from underrepresented 
populations in science, and multidimensional mentoring from writing and communication, 
community, and peer mentors. Students who enter the program after their sophomore or junior 
year participate in the program for up to four years. This provides a bridge to graduate school 
with some financial support during their masters program. More information about RESESS is at 
www.resess.unavco.org and at www.soars.ucar.edu.  

 

RESESS began in 2005 with one intern funded through the Cooperative Agreement.  At time, 
UNAVCO received funds from NSF GEO for a pilot project of three years.  The program grew 
from 1,3, and 6 interns to 9 interns in the summer of 2008.  These were recruited in spring of 
2008 and the summer program began at the end of this reporting period.  The number grew 
rapidly because of community support through including interns in grants.  POLENET funds one 
intern for two years, and several community PI’s have included travel funds for interns’ 
participation in field projects.  IRIS contributes funds each year in support of this project and we 
are working toward integrating the IRIS internship program and RESESS.   
External evaluation is funded through the NSF grant and formative evaluation reports can be 
found at http://www.unavco.org/edu_outreach/about/documents.html.  A final report will be due 
at the end of summer 2008.  

Service to the Greater Geoscience Education Community 
EarthScope.  UNAVCO Education and Outreach has a history of working with EarthScope 
education and outreach committee during 2005-2008 with additional funding provided from mid-
2007 through Sept, 2008.  This funding has provided personnel at UNAVCO to both help the 
EarthScope Education and Outreach Committee to implement the educational and outreach plans 
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and, from late 2007, do more with outreach for siting for the Plate Boundary Observatory.  Both 
of these activities are integrated into the UNAVCO E&O goals and projects.  
 
Workshops.  Two workshops were funded and directed by UNAVCO, a Cascadia Curriculum 
Development Workshop in August of 2006 and a Workshop for E&O Directors of NSF-GEO 
Facilities, Large Projects, and Centers, held in March, 2007.  The Cascadia workshop resulted in 
a chapter of the Earth Exploration Toolbook hosted by TERC on the Carleton website: 
http://serc.carleton.edu/dev/eet/platemotion/index.html. 

UNAVCO Short Course Series 
UNAVCO instituted a series of short courses to increase the capacity of our scientific 
community for using various data. These courses are aimed at current researchers who want to 
update their skills or branch into new areas of research, and younger scientists such as post 
doctoral fellows, graduate students, and upper level undergraduates.  The first course on Using 
Strain Data was held in 2005.  In 2008, 4 courses are scheduled with funds from PBO and the 
Cooperative Agreement.  Figure X shows the numbers of researchers reached through this 
program.  We have developed an interactive website for information, registration, and course 
materials http://www.unavco.org/edu_outreach/uscs/2008/2008_usc.html.   
 
Evaluation is done via a survey at the end of each course which is summative in reporting 
satisfaction for each short course and formative for instructors and UNAVCO staff for ongoing 
improvement of the series.   

Outreach 

Major projects which support UNAVCO’s outreach are the UNAVCO main and E&O website, 
the booth which is UNAVCO’s face at professional meetings, and printed materials.   
 
Website.  In 2006, the E&O website provided a ‘go to’ place for information on programs, 
projects, reports, documents, evaluation plans and results, and access to data:  
www.unavco.org/EO.  Updating information and revising the structure is an ongoing task. Figure 
40 shows web statistics from April 2005 was through May 31, 2008.   
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Figure 40. Metrics for Education and Outreach web pages.  
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Web Highlights. The front page of the UNAVCO webpage has evolved to a robust showcase for 
UNAVCO Facility and community activities as well as a place to highlight the research 
supported by UNAVCO.  Five rotating highlights showcase the latest event or development for 
science, the Facility, education and outreach, PBO, and the community.  At minimum, a new 
highlight is added each week to keep the community aware of ‘current events’ at UNAVCO.  
Likewise, a ‘newsroom’ posts publications other than peer reviewed journals.   
 
UNAVCO Booth . In 2004, Fall AGU was the only science meeting in which UNAVCO had a 
presence.  During subsequent years, we are taking a variety of different booths (20 ft, 10 ft, 
banners) to an expanded list of science and educational venues to help UNAVCO achieve its 
mission of reaching a broad audience in terms of scientific and demographic diversity   In 2008, 
the list includes the Geological Society of American , Fall AGU, National Science Teachers 
Association, Society for the Advancement of Chicanos and Native Americans in Science 
(SACNAS), National Association of Black Geologists and Geophysicists (NABGG), Association 
of Black Physicists (Figure 41).  Printed materials and visual displays of UNAVCO-related 
research and Facility activities are highlighted at these meetings (Figure 42).   
 

 

Figure 41.  (left)UNAVCO Booth through GSA, 2007; (right) New Booth inaugurated at Fall AGU, 2008 
 
Printed materials.  Printed informational material was revised and expanded during the past 5 
years with formats of production that allow for flexible topics as UNAVCO’s programs expand 
and change and for updated information.  Several of these are in the second printing and we are 
beginning to collect the places and numbers of printed materials distributed.   
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Figure 42  A variety of printed materials describe UNAVCO services and community activities.   

Program Evaluation 
One of the major goals of the UNAVCO E&O program is to build a sustainable community of 
UNAVCO scientists and educators engaged in education and outreach. Evaluation is an essential 
method of building such a program. Our two major projects (RESESS and PBO Nucleus) have 
awarded funds to pay for a formal external evaluation plan which has been described above. 
Procedures of the formal evaluation are well established within the educational field and are the 
most effective way to measure the quality of our program. UNAVCO can use this formative and 
summative assessment to see whether we are making a real impact on our audiences and 
stakeholders. 
 
A second form of evaluation is continuous assessment of our work plan. The one-year work plan 
is analyzed to see if we have achieved our objectives. This review is used to assess the viability 
of our plan and the ability of the staff to achieve short to medium term goals; to report to the 
Education and Standing Committee and the UNAVCO Board of Directors on our progress; to 
make sure the plans are revised with the latest information and assessments; and to take 
corrective action when warranted. This work plan is reviewed at each Board meeting and at each 
meeting of the UNAVCO E&O Standing Committee. 
 
Finally, we have established metrics and have planned quantitative outcomes for the program 
and individual projects and activities which are shown in Figures x and y. The purpose of these 
metrics is to prudently measure and assess the growing impact of the UNAVCO Education and 
Outreach Program within the educational and scientific landscape. By meeting these objectives, 
we will successfully inform and involve a larger number of people in solid Earth science and its 
applications to society. 
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