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Project Summary

Project Summary

UNAVCO is a non-profit corporation funded by NSF and NASA.  UNAVCO supports the scientific community 
in all relevant aspects of high precision space geodesy, including experiment design, field and technical support, data 
archiving, data analysis and data modeling. This proposal seeks funding to support the UNAVCO Facility for the 
next five years. It results from a community-wide strategic planning process during which UNAVCO developed a 
strategy and budgetary request that would meet the expectations of both the community and the sponsors.

Intellectual merIt

Over the past few years, UNAVCO-supported PIs have discovered episodic tremor and slip events at subduction 
zones, quantified the level of rigidity of plate interiors, imaged spatial variations in coupling at subduction plate 
boundaries, quantified the dynamics of continental deformation, and improved our understanding of lithospheric 
rheology and fault mechanics. Recent geodetic measurements enabled by UNAVCO have provided evidence of 
drastic spatial and temporal variations in ice-sheet flow, allowed for the assessment of ice loss in polar regions, and 
quantified the solid Earth’s response to variations in the loads imposed by the hydrosphere, the cryosphere, and the 
atmosphere. UNAVCO has facilitated global geodesy by supporting the NASA-operated Global Geodetic Network 
and by disseminating the latest improvements in GNSS technology and data processing to the science community. 
UNAVCO is also the main operator for NSF’s Plate Boundary Observatory, a key part of the EarthScope program.

During the next five years, UNAVCO will face increased demands from a growing community of researchers 
requiring greater precision, denser networks and spatial sampling, and higher data rates to observe time-dependent 
changes and rapidly occurring events. At the same time, science applications are becoming more diverse and integra-
tive, encompassing the disciplines of geodesy, seismology, geomorphology, meteorology, oceanography, and climate 
change. UNAVCO will continue to provide core support to its users, while contributing to growth and diversity in 
applications through enhanced data management, equipment purchase at low cost, improved performance through 
equipment benchmarking and development of state-of-the-art technology.

Broader ImPactS

Societal applications of UNAVCO’s community research have never been more important, and include earthquake, 
tsunami, and volcanic hazard, coastal subsidence and susceptibility to flooding, the health of wetlands, and sea level 
and climate change. UNAVCO is committed to promoting a broader understanding and public appreciation of 
geodynamics and Earth deformation processes and their relevance to society by making accessible the data, scientific 
methods, and results of the unique suite of scientific research in which our community of scientists is engaged.  
UNAVCO will continue its efforts to broaden the use of geodetic data in the scientific community with a specific 
emphasis on training the next generation of Earth scientists, promoting diversity in the research and student popu-
lation, disseminating scientific advances in educational settings, and increasing the public understanding of Earth 
science research.
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GEODESY ADVANCING EARTH SCIENCE RESEARCH

Project Description

Project Description

INTrOduCTION
The advent of space geodesy has dramatically expanded 
our ability to measure position, displacement and strain 
on the Earth’s surface. In the last decade, declining cost, 
improved accuracy, increased data availability, enhanced 
computing power and corresponding advances in model 
sophistication have allowed the scientific community 
to better address an array of critical science and societal 
problems with space geodesy. Increased spatial and 
temporal resolution has enabled us to quantify motions 
of the Earth’s crust, at all scales, with unprecedented 
detail and precision, leading to fundamental discoveries 
in plate boundary processes, continental deformation, 
earthquake processes, and magmatic systems. At the 
same time, societal applications have never been more 
important. Space geodesy has impacted research on 
earthquake and tsunami hazard, hazards associated with 
volcanic eruptions, coastal subsidence and susceptibility 
to flooding, the health of wetlands, and processes related 
to global warming and climate change, including sea 
level change and dynamic changes in both mountain 
glaciers and major ice sheets in Greenland and Antarc-
tica. Educating our own geoscience community and the 
broader public about these important scientific advances 
is essential as we continue to face the challenges associ-
ated with our dynamic and changing planet.

UNAVCO, the facility that represents NSF and NASA’s 
consortium of university researchers in space geodesy, 
has played a key role in the expansion and maturation of 
geodetic science. UNAVCO provides the scientific com-
munity with the necessary hardware, software, technical 

expertise and data archive necessary to engage in cutting 
edge scientific research in this exciting field. The next 
decade will see an increased demand for accurate three-
dimensional deformation fields, at all scales, to constrain 
dynamic models and provide the basis for a new genera-
tion of hazard studies. UNAVCO has a key role to play 
by providing an increasingly powerful array of techno-
logical and methodological tools to a growing and more 
disciplinarily diverse research community.

This proposal requests funds to support the UNAVCO 
Facility for the next five years. Its preparation is the 
result of a community-wide strategic planning process 
that began in October 2004, continued through Board 
of Directors and community review until August 2005, 
and was followed up by five community meetings in 
2006. During that process, UNAVCO sought guidance 
from its supporting agencies in order to develop a strat-
egy, budgetary request, and summary document that 
would meet the expectations of both the community 
and our sponsors. In Section 1, we briefly summarize a 
number of the core science applications that UNAVCO 
has supported in the past and that highlight the impor-
tance of UNAVCO’s mission, we outline our objectives 
for the future, and we summarize the major technical 
and budgetary issues that we face in the next five years. 
Section 2 describes the budgetary, programmatic and 
technical issues in detail. Section 3 presents an overview 
of most of the scientific research and education efforts 
created by the UNAVCO science community in the last 
five years with support from the UNAVCO Facility.
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Project Description

uNAVCO

A NON-PrOfIT COrPOrATION drIVEN by ThE SCIENCE COmmuNITy

UNAVCO is a non-profit corporation that, on behalf of 
its 100 members and of its sponsors, supports and pro-
motes scholarly research using high precision geodetic 
and strain techniques such as the Global Positioning Sys-
tem (GPS) for Earth science applications. As part of its 
fundamental mission, UNAVCO also supports educa-
tion to meet the needs of the community and the public. 
UNAVCO has its headquarters in Boulder, Colorado, 
where it manages the UNAVCO Facility, Plate Bound-
ary Observatory, and Education and Outreach pro-
grams. Founded in 1984 as the University NAVSTAR 
Consortium under auspices of the Cooperative Institute 
for Research in Environmental Sciences at the University 
of Colorado, UNAVCO has recently undergone major 
changes to better serve an expanding user community. 
Since April 2001, UNAVCO has been an independent, 
Colorado non-profit, 501((c)(3)) corporation with 58 
member and 42 associate member institutions including 

most major U.S. universities and research laboratories 
involved in Earth deformation research. In 2003, the 
UNAVCO Facility moved from the University Cor-
poration for Atmospheric Research, where it had been 
hosted for 10 years, to independent management under 
UNAVCO, Inc. This move, precipitated by the need 
for UNAVCO’s leadership in the EarthScope initiative, 
resulted in greater involvement and direction from the 
Earth science community UNAVCO serves and has 
led to dramatic growth in the UNAVCO Consortium 
(Figure 1).

UNAVCO is governed by the Board of Directors elected 
by the representatives of member institutions. The Board 
of Directors has overall responsibility for UNAVCO  
activities and appoints the President, who is respon-
sible for executing the direction of the Board and the 
purposes of the Corporation. The President manages 
UNAVCO Headquarters activities including Finance, 

Figure 1. UNAVCO’s Management Structure.
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Project Description

Contracts, and Human Resources and the three Program 
Directors for the UNAVCO Facility, Plate Boundary 
Observatory, and Education and Outreach programs.

The UNAVCO Facility is the primary operational 
arm of UNAVCO. We request continued support for 
UNAVCO Facility core programs as well as community 
activities through this combined Cooperative Agreement 
proposal to the National Science Foundation (NSF) 
and National Aeronautics and Space Administration 
(NASA). The UNAVCO Facility supports research 
investigators by providing state-of-the-art Global 
Positioning System (GPS) equipment and field engineer-
ing support for projects, by installing, operating and 
maintaining continuous GPS networks, by undertaking 
new technology development and evaluating commer-
cially available products for research applications, and by 
archiving and distributing GPS data and data products 
for current and future applications.

UNAVCO also operates the Plate Boundary Observa-
tory (PBO) component of the EarthScope initiative, 
funded under NSF’s Major Research Equipment and 
Facilities Construction (MREFC) program. PBO con-
sists of 1100 continuously recording GPS stations, 103 
borehole strainmeters and borehole seismic stations, and 
five long-baseline strainmeters installed along the west-
ern U.S. plate boundary, as well as a pool of 100 trans-
portable GPS sensors for temporary deployments within 
the EarthScope footprint. An unprecedented technologi-
cal and scientific undertaking, PBO is on budget and on 
schedule for a completion date of October 2008. The 
EarthScope proposal for UNAVCO PBO, Incorporated 
Research Institutions for Seismology (IRIS) USArray, 
and Stanford San Andreas Fault Observatory at Depth 
(SAFOD) was submitted in March 2007, for operation 
and maintenance for the first five years beyond the con-
struction phase (2009-2013). This five-year phase is the 
first stage of the planned 15-year operational lifetime of 
the EarthScope facilities. There is considerable synergism 
between Facility and PBO activities, which builds the 
overall expertise and capability of UNAVCO.

UNAVCO is strongly committed to Education and 
Outreach (E&O). UNAVCO’s E&O program promotes 
a broader understanding and public appreciation of 
geodynamics and Earth deformation processes and their 

relevance to society by making accessible the data, scien-
tific methods, and results of the unique suite of scientific 
research in which UNAVCO’s community of scientists 
is engaged. Multiple income streams fund UNAVCO’s 
E&O program including core funding through UN-
AVCO, E&O components in UNAVCO, this and PBO 
Cooperative Agreements, independent grants from 
NSF-GEO and NSF-EAR educational programs, and 
ancillary, complementary funds in community PI grants. 
In this proposal participant support funds are requested 
for the bi-annual UNAVCO Science Workshop, E&O 
and Facility Standing Committee meetings, the Short 
Course Series, and student interns.

ThE GrOwING uNAVCO 
COmmuNITy
The past five years have seen a rapid increase in the 
number of UNAVCO member institutions, reflecting 
both the scientific importance of high-precision geo-
detic techniques and the quality of support and services 
provided by UNAVCO (Figures 2 and 3). In addition, 
the UNAVCO community, traditionally centered on 
tectonic, magmatic and earthquake processes, is rapidly 
broadening as new science opportunities emerge. Science 
applications have become more diverse and integra-
tive in nature, encompassing the disciplines of geodesy, 
seismology, geomorphology, meteorology, oceanography, 
and global change. The methods employed are more 
capable of producing quality results but are also more 
varied and technically demanding. The UNAVCO 
polar community has been growing particularly rap-
idly, benefiting from the excitement generated by the 
International Polar Year and from a deliberate effort 
by UNAVCO to engage more polar research participa-
tion in the management and scientific direction of the 
organization. About a quarter of the UNAVCO member 
institutions are actively involved in polar research. At 
the same time, UNAVCO’s direction remains centered 
on its principal community science mission, its primary 
Facility strengths in data and engineering, and its core 
values in open sharing of data and exchange of scientific 
ideas and technological developments.
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Project Description

Figure 3. UNAVCO has developed a database of refereed publications from 
key journals which reference UNAVCO, have used UNAVCO equipment 
or services, or used the NASA Global GNSS (Global Navigation Satellite 
Systems reflects the growing importance of GLONASS (Russian) and the fu-
ture Galileo (European Union) in addition to the Global Positioning System 
(GPS)). Network (GGN) supported by UNAVCO. The growth of publica-
tions reflects the growing capabilities and widespread application of GPS tech-
nology to geophysical and other research problems. For the entire bibliogra-
phy of papers supported by UNAVCO, see the ‘Community Bibliography’ 
link on the UNAVCO homepage under the ‘Publications & Reports’ section.

To help meet the needs of UNAVCO’s growing and di-
verse community for broader technical support, training 
and education, and to meet new objectives specifically 
associated with EarthScope PBO and GeoEarthScope 
support, UNAVCO has strategically moved to expand 
beyond its traditional core strength in GPS applications. 
Specific new areas include Interferometric Synthetic Ap-
erture Radar (InSAR), and Light Detection and Ranging 
(LiDAR) with ground GPS support for airborne LiDAR 
and terrestrial laser scanner support, and borehole strain-
meters, tiltmeters, and seismometers. These new areas, 
for which funding is being sought through separate pro-
posals, build upon UNAVCO’s core competencies and 
mission. By expanding the range of spatial and temporal 
signals that can be investigated with geodetic techniques, 
they are attracting new researchers to use UNAVCO’s 
services and broadening the UNAVCO user base.

ThE uNAVCO fACIlITy: ENAblING 
hIGh-PrECISION SPACE 
GEOdETIC APPlICATIONS IN 
EArTh SCIENCES
UNAVCO is committed to supporting geoscientists 
using GNSS and related technologies. To do so,  
UNAVCO maintains high-value resources that can be 
shared by all, provides technical support for projects, 
supports the operation of a GNSS global infrastruc-
ture, and participates in advancing GNSS technologies 
(Figure 4). The UNAVCO Facility provides engineering, 
equipment, data, and information technology support 
to NSF-, NASA-, and other community-funded research 
projects allowing NSF and NASA to efficiently support 
a wide range of research from earthquake processes to ice 
sheet and glacier dynamics. In addition to supporting 
individual NSF-funded PIs, the Facility also operates 
with JPL the NASA Global GNSS Network (GGN), 
supports International GNSS Service (IGS) activities, 
and provides project management for the PBO Nucleus 
(EarthScope Research and Related Activities) project 
and GeoEarthScope (part of the EarthScope MREFC) 
project. Finally, UNAVCO is engaged in training the 
next generation of Earth scientists by supporting hands-
on use of geodetic technologies.

Figure 2. (a) The UNAVCO Membership has grown to 100 in early 2007. 

Figure 2. (b) There are 58 Members and 42 Associate Members from around 
the globe showing the increase in diversity and volume of science research 
using geodetic techniques.
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Project Description

To provide this support, the Facility is organized into 
three groups. The Engineering and Data Groups provide 
primary services. Additional overall support for Facility 
projects is provided by the Operations and Infrastructure 
Group managed by the Facility Director. Facility staff 
also contributes to UNAVCO Education and Outreach 
efforts including organizing and teaching classes and 
providing technical support for web map servers.

The UNAVCO Facility is a multi-agency funded Facility 
with its core program support provided by the National 
Science Foundation (NSF) and National Aeronautics 
and Space Administration (NASA):

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

The NSF Office of Polar Programs (NSF-OPP) 
provides supports for PI projects and infrastructure 
funded by Arctic and Antarctic science programs.

The NASA Science Mission Directorate, Earth Surface 
and Interior Focus Area (NASA-ESI) provides sup-
port for infrastructure activities, including the Global 
GNSS Network (GGN) and International GNSS 
Service (IGS) activities.

In the existing UNAVCO Community and Facility Co-
operative Agreement, NASA funds are passed through 
the NSF-EAR program while NSF-OPP funding is a 
supplement to the Cooperative Agreement. Follow-
ing agreement among the program managers, in this 
proposal for a new five-year Cooperative Agreement all 
three of these highly complementary elements are com-
bined into a single proposal to be reviewed and managed 
by the NSF-EAR Instruments and Facilities program. 
Synergism in mission, shared engineering expertise and 
data service requirements, and common management 
structure will lead to increased staff efficiency and cost-
effective operations for all sponsored programs.

»

»

»

Figure 4. UNAVCO supports research on all continents as Principal Investi-
gators study solid Earth and cryospheric processes. The map shows PI projects 
supported including campaigns conducted and permanent stations installed 
since FY2004, the period of the current Cooperative Agreement.

fACIlITy PrOGrAm SuPPOrT ANd 
SErVICES

SuPPort to IndIvIdual reSearcherS

UNAVCO has the unique and fundamental role of 
providing Earth science researchers with free access to 
a pooled resource of geodetic technologies, equipment, 
data, technical support and collaboration that are key 
enablers of fundamental research (Figure 5). UNAVCO’s 
success in fulfilling this role is evidenced by its growing 
membership and community of researchers utilizing 
GPS technologies for diverse applications, many of 
which are described in the one-page descriptions of 
research projects that used the UNAVCO Facility. These 
descriptions are included in the supplementary section 
of this proposal.

UNAVCO maintains resources and knowledge that 
enable the community to efficiently acquire, archive, 
distribute and apply high-precision GPS data to address 
science questions. The UNAVCO Facility provides the 
following core resources and services to investigators 
for conducting solid Earth and cryospheric scientific 
research that utilizes GPS technology including:

State-of-the-art GPS and ancillary equipment

World class engineering and technical support

Equipment depot and laboratory facilities

Community Data Center

Established processes and procedures for supporting 
scientific research

»

»

»

»

»
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Project Description

Figure 5. UNAVCO EAR PI Support. A major seismo-magmatic event in the 
Afar region of Ethiopia in October 2005 prompted installation of 10 continu-
ous GPS stations around the rift in January 2006 by scientists from Purdue 
University, Lamont-Doherty Observatory, and University of Rochester in the 
U.S., in collaboration with the Geophysical Observatory of the Addis Ababa 
University in Ethiopia and the University of Leeds in the U.K. Local resident 
Mohamed Sahele guards station KM74 on the campaign GPS transect east of 
the rift zone. Courtesy E. Calais

Facility support of operations and maintenance of PI 
permanent stations will also continue to grow. They will 
be accommodated without a significant increase in bud-
get thanks to PBO- and Facility-developed hardware and 
data management systems that were designed to stream-
line operations and to be extensible to larger numbers 
of stations. Station maintenance is coordinated between 
PIs, their collaborators and Facility staff. NSF-OPP proj-
ects are following similar growth, with a large number 
of permanent station installations planned over the next 
two years in the framework of International Polar Year 
activities (Figure 6). Additional Facility engineering staff 
is requested to meet this increased demand.

UNAVCO will continue to maintain these core PI 
support capabilities as described in more detail later in 
the proposal and supplementary materials. While the 
number of supported NSF-EAR projects (campaign 
and permanent station installations) is anticipated to 
stay relatively constant in the coming years, we expect 
that the technical complexity and number of instru-
ments in the field that are used by individual projects 
will continue to increase as it has in recent years. As the 
GPS technology continues to develop, there is a growing 
need for performance and usability monitoring and for 
testing activities, so that researchers can benefit from the 
latest advances. In the future, a full-time engineer will be 
dedicated to this critical service; presently this function 
is being less effectively filled on an ad-hoc basis by vari-
ous engineering staff.

Figure 6. (a) UNAVCO Facility supports Antarctic and Arctic Projects. 
UNAVCO installs a GPS base station in support of a drilling project in the 
McMurdo Dry Valleys, Antarctica (PI: Karl Kreutz, University of Maine). 
Strain grid surveys on the Clark and Commonwealth Glaciers assess the an-
nual ice motion in the vicinity of the drill sites.

Figure 6. (b) University of Alaska scientist Birgit Hagedorn finishes a transect 
of South River near Thule, Greenland as part of the ICYLANDS project to 
analyze freshwater runoff in the High Arctic.
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SuPPortIng InternatIonal gnSS 
InFraStructure

UNAVCO also supports an international GNSS infra-
structure that provides data to enable high-precision 
scientific applications (Figure 7). 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-qual-
ity global data set to develop a high-precision geodetic 
reference frame and satellite orbital parameters that are 

Figure 7. (a) UNAVCO Support to GGN. 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, are co-located with 
other space geodetic systems to provide important geodetic ties and shared 
infrastructure costs.

Figure 7. (b) UNAVCO is supporting an IGS and JPL modernization project 
by augmenting six GGN sites with L2C capable GPS receivers (solid circles). 
New proposed GGN stations (open circles) will enhance the network in the 
more sparsely instrumented southern hemisphere.

used by nearly every high-precision GNSS geodetic 
project. In addition to providing a precise reference 
frame, the products and data from the IGS are directly 
used for global geodetic studies of plate tectonics, mass 
loading and strain rate. UNAVCO will continue support 
of the GGN in collaboration with JPL, and continued 
upgrades and enhancements to the networks are planned 
over the next five years. We also plan to increase our 
participation in international initiatives such as the 
Africa Reference Frame (AFREF) and the Global Geo-
detic Observing System (GGOS) that seeks to increase 
collaboration and sharing of data.



20
08

-2
01

2 
U

N
AV

C
O

 P
RO

PO
SA

L:
 G

EO
D

ES
Y 

AD
VA

N
C

IN
G

 E
AR

T
H

 S
C

IE
N

C
E 

R
ES

EA
RC

H

1-8 1-9

Project Description

Figure 8. Equipment testing on a specially constructed three antenna mount 
concrete monument at UNAVCO’s test site near Marshall, Colorado, will 
help determine optimal strategies for migrating from GPS-only sites to mod-
ernized GNSS at global sites.

EduCATION ANd OuTrEACh
UNAVCO’s E&O as a specific program within the 
corporation is a fairly recent endeavor, initiated in 
mid-2004. Since then, rapid progress has been made, 
with a strategic plan, mission statement, and a number 
of concrete actions reaching students and teachers at the 
secondary school and college level, researchers, and the 
public (Figure 9).

advancIng gnSS technologIeS

Since its inception, UNAVCO has played a significant 
role in community development and testing efforts 
(Figure 8). Through these efforts, UNAVCO has become 
a key community asset in driving the advancement of 
geodetic GNSS. Continued improvement of measure-
ment precision and accuracy, coupled with technology 
advancements in processing systems, power systems and 
data communications has led to improved scientific data 
return, quality and increased efficiency of operations. 
UNAVCO has led the way in the adoption of new tech-
nology for the community by maintaining the capability 
to evaluate new equipment, advising users on equip-
ment configuration, and purchasing and supporting use 
of equipment for existing and emerging applications. 
The desire to push global measurement accuracy to the 
millimeter level is impeded by lingering fundamental 
issues such as multipath, antenna/radome effects and site 
stability. To better understand these issues we propose to 
implement a fully staffed, more robust testing program. 
As modernized GPS, GLONASS and Galileo GNSS 
receivers become available, UNAVCO’s testing role must 
increase during the next five years. UNAVCO develop-
ment and testing plans are described in detail later in 
this proposal.

Figure 9. Quantifying the impact by number of ‘people reached’ through 
UNAVCO’s Education and Outreach Program. These community leaders 
are teachers, faculty, scientists, participants in UNAVCO Short Course Series 
(USC) and interns.

The E&O program also fosters collaboration between 
the scientific and educational communities and is intent 
on increasing the number and diversity of students to 
strengthen and sustain the next generation of Earth 
scientists.

UNAVCO has advanced the E&O mission in a number 
of areas. UNAVCO has developed hands-on, inquiry-
based educational materials for secondary and college-
level classes science classes, based on modern geodetic 
data, web-based resources for viewing and analyzing 
GPS data, as well as a Short Course Series for training 
researchers and graduate students in processing, access-
ing, and interpreting GPS and strain data (Figure 10). 
Development of a powerful new suite of map visualiza-
tion tools, a new educational data portal, and a series of 
professional development workshops target middle/sec-
ondary Earth Science teachers and college/university 
faculty teaching general education students.
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Figure 10. These photos show participation in UNAVCO teacher professional development workshops, field training courses, and the UNAVCO Short Course Series.

terns are presenting research at national science meetings 
and exploring options for graduate schools in geoscience 
for 2008.

Outreach materials make UNAVCO products, pro-
grams, and services accessible to a larger number of 
people and new audiences. Recent materials (Figure 11) 
encompass new programs and scientific disciplines. In 
2007, UNAVCO E&O distributed educational materi-
als to some 800 teachers at the National Science Teach-
ers Association. The newly redesigned UNAVCO E&O 
web pages deliver information about programs as well 
as access to educational materials and tools for various 
audiences. Multiple paths of access and a design for 
visual and text-based learners helps more people learn 
about UNAVCO and its services.

Figure 11. UNAVCO produces and distributes a number of engaging, informative outreach materials at national and international meetings.

In order to increase the number and diversity of Earth 
science students, UNAVCO offers the RESESS program 
(Research and Education in Solid Earth Science for 
Students), an innovative and multidimensional mentor-
ing and research internship program for undergraduate 
and graduate students from underrepresented groups. 
UNAVCO leads this collaboration of SOARS (a UCAR 
Program), IRIS, UCAR, the University of Colorado, the 
USGS (Golden), Highline Community College, and 
Central Washington University. RESESS began in 2005 
with UNAVCO funding and, in 2006, won a three-year 
NSF GEO award from the Opportunities for Enhancing 
Diversity in the Geosciences program. In 2007, seven 
students from underrepresented groups will participate 
in RESESS. Already, our first generation of RESESS in-
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rElATION wITh ThE 
EArThSCOPE INITIATIVE
The EarthScope initiative (www.earthscope.org) is hav-
ing a tremendous impact on Earth science research by 
providing the largest infrastructure of its kind in North 
America and new opportunities for integrative scientific 
research (Figure 12). Although the PBO program of 
UNAVCO has the primary responsibility to manage and 
implement PBO with dedicated staff and funding, the 
UNAVCO Facility contributes in many ways, including 
by testing receivers, by helping with site reconnaissance 
and installations, and by archiving PBO data. The Facil-
ity also supports the EarthScope portable campaign GPS 
receiver pool, providing equipment support, PI support 
and training, field deployment, and data processing 
and archiving capabilities. The Facility also manages the 
NSF-EAR PBO Nucleus project that will transition 209 
GPS stations from independent, region-specific opera-
tions to streamlined “PBO style” operations by Septem-
ber 2008, when they will be fully integrated into the 
“Operations and Maintenance” phase of PBO.

EarthScope generated a dramatic growth of capabili-
ties at UNAVCO in order to meet the new challenges 
of constructing PBO. New developments for PBO 
directly benefit the Facility by making available robust 
data management systems, data processing services for 
continuous stations, and new engineering capabilities in 
strain and tiltmeters, a pool of GPS receivers, and low 
cost community pricing for GPS receivers optimized for 
high precision measurements. At the completion of the 
EarthScope construction phase, UNAVCO will manage 
one of the world’s largest borehole seismometer net-
works. The PBO staff brings a very high level of exper-
tise to UNAVCO that can be drawn upon as we look to 
the future. Community PIs are already using technolo-
gies developed by PBO and will use new systems such as 
PBO station management tools and GPS data processing 
service for their projects in the future. Also, UNAVCO 
and IRIS education and outreach activities work closely 
together and will work with the new EarthScope Na-
tional Office. The excitement of EarthScope has gener-
ated a high level of community interest in UNAVCO, 
leading to increased participation and involvement 
in UNAVCO activities and growth in membership. 

Synergism between the Facility and PBO staff is proving 
to be essential for the future of UNAVCO’s support to 
the community.
Figure 12. UNAVCO is constructing and managing the Plate Boundary 

Observatory (PBO). PBO consists of GPS permanent stations, campaign 
GPS receivers, borehole strainmeters and seismometers, and long-baseline 
laser strainmeters that are part of the EarthScope project. Locations of PBO 
instrumentation, the San Andreas Fault Observatory at Depth (SAFOD), and 
IRIS transportable and permanent seismic stations are shown above.
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Research Enabled by UNAVCO
UNAVCO, as the core resource for a growing commu-
nity of geoscientists, supports an ever-widening range 
of scientific endeavors. Here we highlight some of the 
major science themes where the UNAVCO Facility and 
personnel have enabled new discoveries and scientific 
progress over the past few years.

INTrAPlATE dEfOrmATION
UNAVCO has played a major role in supporting GPS 
studies offering important new insight into the science, 
hazard, and public policy issues of large continental 
intraplate earthquakes. Plate tectonic theory offers little 
direct insight into these earthquakes beyond that they 
may be consequences of slow deformation within plates, 
and hence relatively rare. To address the nature of these 
events, space geodesy is used to quantify deformation, 
and assess possible causes.

GPS data show that plate interiors are deforming very 
slowly in comparison with their boundaries, with one 
important exception. For eastern North America, by far 
the strongest signal is vertical motion due to ice mass 

Figure 13. (a) Vertical GPS site motions. Note large uplift rates around Hudson Bay and subsidence to the south. The green line shows the observed “hinge 
line”, separating uplift from subsidence. (b) Horizontal motion site residuals after subtracting best-fit rigid plate rotation (Sella et al., 2007).

unloading following the last glacial period (Figure 13); 
its study provides powerful new constraints on the his-
tory of the ice loads and the rheology of the Earth’s crust 
and upper mantle. Beyond this effect, GPS site velocities 
with respect to the rigid North American plate are small 
- less than 1 mm/yr - and generally within their error 
ellipses (Calais et al., 2006); hence the GPS data do 
not require that they be deforming at all. Moreover, the 
vectors do not show the spatially coherent pattern typi-
cally seen in deforming seismic zones. Other continental 
interiors also appear rigid to this surprising extent.

This result has drawn considerable attention because the 
expected effects of regional stresses due to plate driving 
forces and local stresses are not apparent in the data. In 
particular, high-precision geodetic measurements find 
no compelling evidence for crustal motions in the New 
Madrid seismic zone of the central U.S. (Newman et 
al., 1999; Smalley et al., 2005; Calais et al., 2005). This 
result is surprising because large earthquakes occurred in 
the area in 1811 and 1812, and appear to have occurred 
previously in the past few thousand years. As the GPS 
data become more precise, we expect they will lead to 
important insights into these enigmatic events, and place 
tight constraints on plate rigidity.
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CONTINENTAl dEfOrmATION
Investigations supported by UNAVCO have led to much 
progress in solving one of the outstanding problems 
in tectonics, the mode of continental deformation or 
broad plate boundary zones (e.g., Western U.S.), and the 
relative importance of the driving forces. GPS velocities 
provide critical constraints on boundary conditions and 
internal deformation that, in turn, are now being used 
in deformation models addressing the dynamics of the 
processes at work (Figure 14).

During the past few years, significant efforts have been 
devoted to merging regional GPS observations into 
continent-wide velocity fields, using various modeling 
techniques (e.g., Flesch et al., 2001; England and Molnar, 
2005; McCaffrey, 2006). The resulting velocity fields 
show that the kinematics of large parts of deforming 
continents can be described by the motion of quasi-rigid 
blocks or microplates and offer little direct evidence for 
internal deformation, except for strain accumulation 
around locked active faults (McCaffrey, 2006; Thatcher, 
2007; Meade, 2007). At a global scale, GPS data are 
leading to global strain-rate maps with unprecedented 

resolution, which allow an integrated description of the 
surface kinematics accounting for rigid plates and plate 
boundary zone deformation (Kreemer et al., 2003).

At the same time, studies constrained by GPS data are 
showing that the kinematics of continental deformation 
are consistent with a balance of boundary and buoyancy 
forces acting on the lithosphere. The strength of these 
forces varies laterally by several orders of magnitude. 
Quasi-rigid blocks or microplates have been used to 
model high-strength regions (Flesch et al., 2001; 2002; 
Calais et al., 2006). GPS data have been critical in 
demonstrating the role of slab roll-back on plate motions 
and plate boundary deformation at subduction zones 
(Reilinger et al., 2006; Mahmoud et al., 2005). GPS ob-
servations are also now starting to be used in conjunction 
with seismic anisotropy data to quantify the degree of 
coupling between mantle flow and lithospheric deforma-
tion, furthering our understanding of the forces driving 
deformation at plate boundary zones and in continents 
(e.g., Silver and Holt, 2002). Higher precision GPS will 
become increasingly important in deciphering such subtle 
signals and distinguishing among competing models.

Figure 14. (a) Horizontal GPS velocities in Asia from a combination of three regional velocity fields (some sites omitted for the sake of readability). Velocities 
are shown with respect to Eurasia with their 95% confidence ellipse. (b) The corresponding strain rate field. Note that strain rates in large parts of Asia are lower 
than the precision level of the GPS data (3x10-9 yr-1, shown by the white dashed line). (Calais et al., 2006)
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INTErPlATE COuPlING AT 
SubduCTION zONES
The pattern of surface strain accumulation in subduction 
zones is sensitive to the pattern of locking on the under-
lying plate interface during the interseismic phase, and 
the pattern of strain release during earthquakes. Both are 
of interest in the study of subduction seismogenic zones, 
which produce Earth’s largest earthquakes and most of 
its tsunamis. Both can be precisely measured with GPS. 
The pattern of strain accumulation and release may be 
sensitive to a variety of parameters, the determination of 
which is critical to understanding the seismic process in 
subduction zones, including fault friction, fluid flow and 
thermal state.

UNAVCO has been providing support for a number of 
studies dedicated to understanding interplate coupling at 
subduction zones, its relationship with fault parameters, 
and its implication for seismic and tsunami hazard. 
Thanks to dense GPS networks in subduction zones in 
Central America, Sumatra, the Pacific Northwest, the 
Philippines, and the northeastern Caribbean, we now 
understand that plate boundary zone deformation in 
such contexts involves both block motions (possibly 
with internal deformation) and lateral variations in 
interplate coupling.

UNAVCO provided integral support for all aspects of 
one such study, in the Nicoya peninsula of Costa Rica, 
where the Cocos plate subducts beneath the Caribbean 
plate. This region, a focus site for NSF’s MARGINS 
program, is a good place to study the relation between 
surface strain and subduction boundary zone processes 
because its geographic proximity enables GPS measure-
ments close to the trench, extending out over the locked 
portion of the plate interface. Figure 15 shows the 
locking pattern determined in this experiment, together 
with the location of small interseismic earthquakes 
that occurred at about the same time, as measured by 
IRIS/PASCAL seismometers (on-shore) and off-shore 
ocean bottom seismometers (OBS). The microseismicity 
mainly occurs in the region where locking is low (creep-
ing section), and the up-dip limit of locking as deter-
mined by GPS lies well up-dip from the up-dip limit of 
microseismicity. By comparing these limits to thermal 

models of the plate interface, it is possible to place 
quantitative constraints on the temperature range ap-
propriate for each behavior. By comparing the data with 
laboratory studies and the composition of sediments on 
the incoming plate, it may be possible to estimate which 
mineral reactions dominate the corresponding transi-
tions in mechanical behavior. Similar studies at other 
subduction zones will eventually allow us to understand 
factors that control seismogenic behavior in this impor-
tant class of plate boundary.

Figure 15. Pattern of locking on the plate interface in northern Costa 
Rica as determined from GPS, and location of microseismicity. Note that 
micro-earthquakes occur in regions of low locking (creeping section). From 
Norabuena et al. (2004).

EPISOdIC TrEmOr ANd SlIP (ETS) 
EVENTS
One of the remarkable discoveries of the past decade 
is the existence of periodic slow-slip events at subduc-
tion zones. In 2001, transient slow slip was recognized 
to occur in the northern Cascadia Subduction Zone 
(Dragert et al., 2001). The long data record and the 
fortuitous location of the continuous GPS station in 
Victoria, British Columbia, and many UNAVCO-built 
and supported GPS stations on the U.S. side of the bor-
der, revealed that slip events in this region repeat with 
surprising regularity, having a recurrence interval of 14 
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to 15 months (Miller et al., 2002). Intrigued by Obara’s 
(2002) finding of deep, non-volcanic, seismic tremors 
in the Nankai Subduction Zone, Rogers and Dragert 
(2003) established that the repeated Cascadia slip events 
were accompanied by prolonged episodes of similar seis-
mic tremor. This discovery of the correlation of tremor 
and slip (Figure 16) led to the empirical definition of 
“Episodic Tremor and Slip” (ETS): Repeated, transient 
ground motions at a plate margin, roughly opposite to 
longer-term deformation, accompanied by distinct, low-
frequency, emergent seismic signals. Since then, other 
studies – many supported by UNAVCO – have reported 
slow slip events at several other subduction zones (e.g., 
New Zealand, Beavan et al, 1999; Central America, 
Lowry et al, 2001). ETS therefore appears to be a fun-
damental stress release process at subduction zones, with 
implications for the dynamics and earthquake potential 
of subduction zones. Without precise GPS observations, 
these processes would have gone unnoticed for much 
longer.

Although the source mechanism of ETS remains to be 
fully understood, these events are likely indicative of 
transient creep below the locked portion of the subduc-
tion interface. Because of the implications of ETS for 
stress transfer and possible earthquake triggering, it is 
critically import to understand how this process affects 
the strain and stress budget at subduction zones. This 
connection will undoubtedly be the subject of intense 
research in the years to come. UNAVCO will continue 
providing support for more detailed monitoring of this 
phenomenon within the EarthScope Plate Boundary 
Observatory footprint and elsewhere.

Denser GPS coverage and additional continuous 
observations along subduction zones – such as Central 
America where UNAVCO is currently installing a CGPS 
network – will provide critical data for the science com-
munity to address some key questions: Does ETS occur 
along the entire length of the subduction margins? What 
controls the migration pattern and recurrence intervals 
of ETS at subduction zones? Can surface ETS displace-
ments be attributed to distributed shear instead of planar 
slip? Do the spatial and temporal distributions of ETS 
imply structural and stress variation controls? Does 
ETS influence the location and timing of earthquakes? 

What are the necessary and sufficient conditions for 
ETS? Data provided by UNAVCO — and coordination 
of interdisciplinary research efforts by the UNAVCO 
scientific community — will be critical to answering 
these questions.

Figure 16. Summary of geodetic and seismic observations that characterize 
ETS. Blue circles show daily changes in the east component of the position of 
the continuous GPS station ALBH (Victoria, B.C.) The green line indicates 
the long-term eastward linear trend of motion (~4 mm/yr) due to margin de-
formation caused by the locked portion of the subduction interface. The red 
line segments show the average linear motion (~8 mm/yr) over ~15 month 
segments due to temporary additional plate coupling on a deeper portion 
of the plate interface. This deeper coupling is released over periods of weeks 
every 15 months, resulting in repeated temporary westward motion and the 
characteristic sloped saw-tooth time series. The bottom graph shows the total 
number of hours of tremor activity in a sliding 10-day period. Tremors also 
occur at times between slips, but tremor activity at such times is substantially 
less. (Rogers and Dragert, 2003 and other data courtesy of H. Dragert)

COSEISmIC ruPTurE ANd hIGh-
rATE GPS
In the past five years an increasing number of continuous 
GPS sites have been recording data at high sampling rates 
(>1 Hz) and several studies have produced significant ad-
vances in strategies for processing and using the resulting 
data to better understand coseismic and early postseismic 
processes (Figure 17). UNAVCO has played an impor-
tant part in these advances, both in its traditional role 
of lending equipment, providing training, and archiving 
data, and as the operator of PBO.

In 2003, Larson et al. showed that 1 Hz GPS records 
could complement accelerometer data in studies of the 
earthquake rupture process by providing direct measure-
ment of ground motion during the passage of seismic 
waves without saturating, even in the near-field. Thirteen 
continuous GPS stations recording data at 1 Hz were in-
stalled near Parkfield, California, as part of the Southern 
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California Integrated GPS Network (Langbein and Bock, 
2004). These sites, which are now under UNAVCO’s 
operation as part of the PBO Nucleus, recorded data 
during the 2003 San Simeon and 2004 Parkfield earth-
quakes. These observations have formed the basis for 
several studies. Ji et al. (2004) showed that the GPS data 
provided important constraints in a joint inversion with 
strong motion and teleseismic data for the slip history 
of the San Simeon event. Choi et al. (2004) used the 
San Simeon data to demonstrate that a technique called 
“modified sidereal filtering” can significantly improve the 
precision of high rate position time series by mitigating 
the effects of multipath. High-rate GPS data recorded 
during and after the Parkfield earthquake enabled the 
separation of coseismic displacement from the immedi-
ate postseismic signal, demonstrating that the coseismic 
moment estimated from GPS agreed well with estimates 
from seismic data and that a strong postseismic deforma-
tion signal began minutes after the event (Langbein et al., 
2006). Wang et al. (2007) combined accelerograph and 
1 Hz GPS data recorded at collocated or neighboring 
sites during the San Simeon event to produce broadband 
time series, which provide valuable information for fault 
rupture studies and engineering applications.

As the scientific demand for high-rate GPS observations 
increases, UNAVCO will continue to provide instru-
ments and technical support specifically tailored for these 
experiments, and support research focused on assessing 
and improving high-rate positioning accuracy (e.g., 
Elósegui et al., 2006; Genrich and Bock, 2006).

Figure 17. Comparison of 1 Hz GPS data (black lines) and both single and 
double-integrated strong motion (red lines) at station PKD. To obtain veloc-
ity traces, the GPS time series were differentiated. All traces are aligned by the 
origin time, as given by CISN. The peak amplitude of each trace is indicated 
(Ji et al., 2004).

POSTSEISmIC PrOCESSES
Of all the stages in the earthquake cycle (coseismic, 
postseismic, and interseismic), advances in GPS capa-
bilities during the past several years have had the most 
profound impact on the measurement and understand-
ing of postseismic processes. We now understand that 
any earthquake may now signal the beginning of a new 
lithosphere-scale rock mechanics experiment, where 
geodetic data is acquired and used to infer the mechani-
cal properties of faults and the rheology of the lower 
crust and lithospheric mantle. Assessing these properties 
is one of the current challenges in continental dynamics, 
because they control the temporal and spatial distribu-
tion of surface strain at all scales. UNAVCO has played a 
critical role in investigations of postseismic deformation 
by supporting continuous GPS measurements, either 
through our support of permanent stations or emergency 
responses mobilized following earthquakes, thereby 
enabling higher resolution and precision observations of 
postseismic deformation patterns and decay rates.

Some of the most pronounced postseismic responses have 
been observed after the 1999 M7.1 Hector Mine (Hud-
nut et al., 2002) and 2004 M6.0 Parkfield (Johanson et 
al. 2006; Langbein et al., 2006) earthquakes in southern 
California, the 2002 M7.9 Denali, earthquake in Alaska 
(Figure 18) (Freed et al., 2006a), the 1999 M7.4 Izmit 
earthquake in Turkey (Hearn et al., 2002), and the 2004, 
M8.3 Sumatra earthquake (Pollitz et al., 2006). These 
observations have provided rich constraints to numeri-
cally test rheological models of the crust and mantle. 
For example, interpretation of post-Hector Mine and 
post-Denali observations strongly suggest that the upper 
mantle beneath these back-arc or former back-arc settings 
is weaker than the lower crust (Pollitz et al., 2001; Freed 
et al., 2006a), challenging a long-standing view of the 
lower crust being the weakest layer. Effective viscosities 
are also shown to be time varying following the earth-
quakes, a phenomenon explained by transient (Pollitz, 
2003; Pollitz, 2005) or power-law (Freed and Bürgmann, 
2004; Freed et al, 2006b) rheologies.

The post-Parkfield period represents the first time that 
postseismic deformation following such a small event was 
well observed by an array of continuous GPS stations en-
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abling several inferences not seen following larger quakes. 
For example, the moment release associated with afterslip 
far exceeded that of coseismic slip, likely associated with 
this event occurring on the edge of the creeping segment 
of the San Andreas Fault (Langbein et al., 2006; Murray 
et al., 2006). Furthermore, the event was too small to 
initiate significant viscoelastic relaxation or poroelastic 
rebound (Freed, 2007), enabling our first unfettered look 
at afterslip from which to infer rate and state parameters 
(Johnson et al., 2006). At the other end of the spectrum, 
we are discovering that particularly large earthquakes re-
sult in long-lasting (e.g., 1964 Alaska event, Freymueller 
et al., 2000) and very long-distance (e.g., 2004 Sumatra 
event, Pollitz et al., 2006) postseismic deformation.

Much remains to be learned about rheology and fault 
mechanics from postseismic investigations. Future 
observations are needed soon after events to determine 
the rheology in new areas and to further test rheological 
models and narrow non-uniqueness issues. UNAVCO 
support is essential so that GPS instrumentation can be 
mobilized at a moment’s notice to cover future postseis-
mic responses.

mAGmATIC SySTEmS
UNAVCO has also brought a new array of technological 
innovations, powerful new analytical tools, and integra-
tive geological and geophysical modeling to address 
a range of fundamental scientific questions related 
to magmatic systems. UNAVCO-supported research 
has helped quantify the distribution of strain across 
Iceland’s Western and Eastern Volcanic Zones, which 
accommodate North America/Eurasia plate motion in 
southern Iceland, and correlate it with zones of active 
magmatism. Surface deformation measurements and 
microearthquake data on the Kilauea volcanic edifice 
have revealed how magmatic and topographic stresses 
control the occurrence of slow slip events and magmatic 
activity associated with the large-scale collapse of the 
edifice. New networks of GPS instruments and InSAR 
observations in Lake Tahoe, Hawaii, the Philippines, 
the Galapagos, the Pacific Northwest, and the Afar 
depression have helped characterize magmatic plumb-
ing systems and their temporal and spatial evolution. 
Intensive field observations have captured the details of 
deformation associated with major eruptions at Mount 
St. Helens, Augustine, Sierra Negra and Fernandina 
volcanoes (Galapagos), Tungurahua (Ecuador), Kilauea, 
and Stromboli (Italy), providing valuable informa-
tion about the eruptive process. A remarkable suite 
of geodetic, geophysical, and geologic data from the 
Yellowstone caldera has helped provide new constraints 
on the location, geometry, and temporal changes in the 
magmatic sources driving deformation beneath an active 
silicic caldera system (Figure 19). GPS monitoring of the 
caldera now extends over two decades and has recorded 
four distinct phases of caldera uplift and subsidence, 
most recently capturing a remarkable stage of caldera 
uplift, with rates up to 60 mm/year. The project has also 

Figure 18. (a) Observed and calculated cumulative surface displacements 
for the three-year period following the 2002 Denali earthquake. Data are 
from continuous GPS stations installed by UNAVCO and UAF immediately 
after the event. Calculated displacements are based on a model of power-law 
flow in the lower crust and (predominately) upper mantle, shallow afterslip, 
and poroelastic rebound. (b) Far-field displacements are explained by deep 
viscoelastic flow, but the time series can only be matched if this flow is stress-
dependent (i.e. power-law as opposed to Newtonian rheology), as demon-
strated by a comparison to the daily time-series for station HURC in the east 
direction. (c) Shallow mechanisms must be added to the model (multiple 
mech.) in order to match near field time series, in this case for station DNLC 
in the east direction. Adapted from Freed et al., 2006b. 
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clarified possible interaction between the Yellowstone 
system and long-term viscoelastic post-seismic deforma-
tion following the 1956 M7.5 Hebgen Lake earthquake.

Looking to the future, UNAVCO continues to be active 
in the development of new high spatial and temporal 
resolution observation systems. These systems will 
involve dense networks of high-sensitivity instruments, 
such as borehole strainmeters and long-baseline tiltme-
ters, broadband, three-component surface and borehole 
seismographs, dense networks of continuous GPS 
systems, and gas monitoring systems. Examples of this 
intensive observation include arrays at Kilauea volcano, 

Hawai`i (see papers in Heliker et al., 2003), and Long 
Valley caldera, California (e.g., Roeloffs et al., 2003), the 
CALIPSO system deployed at Montserrat Volcano (Mat-
tioli et al., 2004), and volcanoes and magmatic systems 
targeted for study by the EarthScope initiative. Such 
dense observation systems promise to provide extremely 
high spatial and temporal resolution imaging of subsur-
face magmatic processes, ranging from the low-signal 
periods of gradual magma accumulation or magma 
chamber pressurization to the rapidly evolving seismic, 
strain, and surface deformation signals associated with 
eruptive events.

Figure 19. (left) New simultaneous inversion models of InSAR range change and (middle) GPS derived vectors showing contraction and subsidence of the  
Yellowstone caldera (right) reveal that the source of volume loss is from the top of the seismic low velocity body determined from seismic tomography. The 
deformation source mechanism is believed to be hydrothermal fluid loss from a region of a partial melt. (Vasco and others, JGR 2007 in press; Wicks and  
others, 1998). Subsequent InSAR and continuous GPS observations show dramatic changes in uplift and subsidence patterns. Currently an unprecedented 
uplift rate of nearly 8 cm/year has been observed over the northeast caldera and resurgent dome and efforts are underway to model the source.
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ICE ShEET dyNAmICS
UNAVCO has seen demand for its polar research 
support increase rapidly, with the results often hav-
ing far-reaching implications for climate change and 
sea-level variations. UNAVCO has been supporting 
the installation of continuous GPS data on and near 
glaciers, ice streams and ice sheets, which, when linked 
with bedrock reference GPS, is enabling a new under-
standing of ice flow and dynamics. The previously held 
view of ice-sheet flow as varying only slowly in time and 
space is rapidly being replaced by a more nuanced view 
in which different regions of an ice sheet may exhibit 
orders of magnitude differences in response time and 
spatial gradient. For instance, although the inland East 
Antarctica has been remarkably stable for the last million 
years (EPICA, 2004), ice shelf collapse caused an order-
of-magnitude acceleration over months in the Antarctic 
Peninsula (Rignot et al., 2004; Scambos et al., 2004). 
The Whillans Ice Stream varies even more strongly, stop-
ping and starting in minutes twice every diurnal period 
(Bindschadler et al., 2003).

Switching in response time is of great importance. 
Sea-level projections (e.g., IPCC, 2007) typically have 
assumed that the response times will remain unaltered, 
an assumption that may be unjustified. Recent geodetic 

measurements enabled by UNAVCO have shown that 
glaciers and ice streams change velocity and seismicity 
in response to ocean and tidal forcings, including ice 
streams deep in the Antarctic interior. (Anandakrish-
nan et al., 2003; Bindschadler et al., 2003; Figure 20). 
Determining whether variations in sea ice conditions 
can cause fluctuations in ice sheet discharge will provide 
constraints for models of ice sheet response as ongoing 
ocean warming and climate alter sea/ice configurations. 
Also, CGPS measurements using so-called “Super poles” 
(where the GPS antenna mount is effectively buried to 
depths of 20 or 30 m by freezing in a marker at that 
depth; see Hamilton et al., 1998) are leading to a better 
understanding of the balance between accumulation rate 
variability and long-term ice-dynamics flow variability. 
These data are critical for interpreting shallow ice cores 
and ice-penetrating radar data.

Polar region studies are key to the understating of global 
climate change processes and are attracting a growing 
scientific interest. UNAVCO will continue supporting 
polar investigations by providing a focused community 
resource with the specialized technical expertise and 
support capabilities required for the unique physical and 
programmatic environments of polar research for the 
International Polar Year and beyond.

Figure 20. (a) Field results showing the northing-easting positions (determined by GPS) at 5-minute intervals on Whillans Ice Stream. Upper inset shows en-
largement of five slip events. Note the cluster of stagnant positions followed by rapid slip of 10-20 cm in 15 minutes. (b) The displacement history indicates the 
relationship between the tide (lower plot) and the slip speed (upper plot is displacement in 5 minute intervals). Note that displacement magnitude scales with tidal 
magnitude (spring vs. neap), but with a possible long-period offset of 1-3 days, which our current models do not capture. (Courtesy of S. Anandakrishnan, 2007.)
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ENVIrONmENTAl lOAdING ANd 
ClImATE ChANGE
Over the past few years, UNAVCO-supported research-
ers have engaged in new research avenues with implica-
tions for the understanding of climate change, using 
space geodetic measurements to quantify how the solid 
Earth responds to variations in the loads imposed on 
the lithosphere by the hydrosphere, the cryosphere, and 
the atmosphere. Earth’s elastic and viscoelastic responses 
to past and present changes in these environmental 
loads are yielding fundamental information about the 
mechanical structure of the Earth, the hydrological and 
climate cycles imposing the loads, and climate change 
– both past and present day.

Space geodetic observations of crustal motion have been 
playing an increasingly important role in the study of 
Glacial Isostatic Adjustment (GIA). These observations 
can be obtained in any land area and record the hori-
zontal as well as the vertical signals associated with GIA. 
GPS velocity fields which are now used to constrain GIA 
model parameters with, in turn, will result in a better 
understanding of global sea-level change. Global warm-
ing has led to a great deal of interest in the GIA fields of 
Antarctica and Greenland, both of which are still poorly 
constrained by observations.

While variations of glacial loads associated with GIA 
trigger the long-term (thousands of years) viscoelastic 
response of Earth’s mantle, shorter period (dominantly 
annual) cycles dues to environmental loading processes 
including hydrology and atmospheric pressure are now 
widely recognized in geodetic time series and are the 
subject of much research. At the decadal time scale, GPS 
is now being used to “weigh” modern changes in ice 
loss by measuring the elastic response of Earth based on 
geodetic time series.

Because of the societal implications, environmental 
loading and crustal geodesy in Antarctica and Greenland 
will become an increasingly important area of activity 
for UNAVCO and the Earth science community in the 
next decade. A series of observations indicating acceler-
ating instability of the Greenland and West Antarctic ice 
sheets (see previous section), and the perceived danger of 
a catastrophic collapse of one or both of these ice sheets, 

has led to a strong need to quantify the contemporary 
rate of ice loss, and to detect any accelerations in this 
mass loss. However, we still have very little idea as to 
the total loss of ice mass of these ice sheets. The Gravity 
Recovery and Climate Experiment (GRACE) satellite 
mission is providing key data, but cannot distinguish 
between ice mass changes and GIA effects, which are of 
similar magnitude (Figure 21). The need to improve our 
knowledge of the GIA field in Antarctica and Greenland 
is one of the major motivations of the international 
Polar Earth Observing Network (POLENET) project, in 
which UNAVCO community is playing a leading role.

Figure 21. Rate of mass change over Antarctica, as inferred from GRACE 
Release 4 fields from CSR (U of Texas) during Jan, 2003-Sept, 2006. The 
top panel shows the raw GRACE results. The bottom panel shows the same 
data after accounting for GIA effects (using a model based on ICE-5G). The 
significant differences with the top panel illustrate the importance of using 
an accurate GIA correction when estimating ice mass changes from GRACE 
data (courtesy of J. Wahr and I. Velicogna).



20
08

-2
01

2 
U

N
AV

C
O

 P
RO

PO
SA

L:
 G

EO
D

ES
Y 

AD
VA

N
C

IN
G

 E
AR

T
H

 S
C

IE
N

C
E 

R
ES

EA
RC

H

1-20 1-21

Project Description

fACIlITATING STATE-Of-ThE-ArT 
GEOdESy
Progress made, in large part due to UNAVCO support, 
in understanding tectonic, earthquake, and magmatic 
processes would not be possible without steady advances 
in global geodetic infrastructure and in the acquisi-
tion and modeling of geodetic measurements. Prior 
to approximately 1995, most of the improvement in 
the accuracy and precision of GPS measurements was 
achieved through the completion of the satellite constel-
lation and expansion of the global tracking network, 
aided by the availability of higher quality and lower cost 
receivers. In subsequent years better instrumentation and 
analysis techniques have led to further improvements in 
accuracy. By 2006, orbital products distributed by the 
International GNNS Service (IGS) contributed errors 
less than 2 mm horizontally and 5 mm vertically to posi-
tion estimates over continental-scale distances, At this 
time, data available over the Internet from over 300 IGS 
stations enabled researchers to study global phenomena 
at nearly this same level of accuracy. UNAVCO’s role 
continues to be important through its support to the 
NASA-operated GGN, its global data archive, and by 
providing individual PIs access to the best GPS technol-
ogy for their science applications.

Thanks to further technical advancements, GPS mea-
surements have recently reached a new level of accuracy. 
Estimation of biases between the pseudoranges mea-
sured on different GPS code signals by different types 
of receivers has allowed improved ambiguity resolution 
and hence higher accuracy for the east coordinate and 
for short observation periods. Modeling of higher-order 
ionospheric effects removes systematic coordinate shifts 
of up to 4 mm for equatorial sites. Finally, because the 
ensemble-average phase center of the satellite antennas 
changed over time as satellites of different designs were 
launched, deficiencies in our phase centers models have 
led to an apparent change in the scale of the terrestrial 
reference frame, confounding studies of tectonic uplift 
and sea-level rise. We now have models of the satellite 
phase centers (complemented by “absolute” models of 
the ground antenna phase centers, Schmidt and Ro-
thacher, 2003), reducing the impact of the changing 
constellation to less than ~1 mm/yr in station heights.

This work improving accuracy is tightly coupled to 
geophysical studies themselves, in that the “noise” in 
GPS measurements is now often dominated by natural 
processes: loading of the crust by the oceans and atmo-
sphere, and distortion of the signal by the neutral atmo-
sphere and ionosphere. New models for ocean tidal load-
ing provide greater accuracy for polar regions and finer 
grid spacing for interpolation values over regional arrays. 
Numerical weather models have been used to compute 
location-dependent atmospheric loading, a priori values 
of surface pressure, and “mapping functions” to relate 
the atmospheric delay at the zenith to the delay along 
the line-of-sight to the satellites. These recent improve-
ments in GPS data analysis have led IGS to undertake 
a complete reprocessing of data acquired since 1994 by 
the global network to produce daily solution files and 
a reference frame accurate and consistent over 12 years 
(Figure 22). This powerful new set of IGS products, to-
gether with improved models and algorithms, will result 
in a step-function increase in precision and accuracy for 
the entire geodetic community, enhancing our ability 
to study and understand tectonic processes, changes in 
sea-level, the Earth’s rotation, and solid-Earth, ocean, 
and atmospheric tides.

As these advances in models, algorithms, and strategies 
for GPS data processing improve, UNAVCO helps dis-
seminate best practices to the community through train-
ing and working group activities. UNAVCO has been 
sponsoring high-level GPS data processing classes and 
will continue doing so in the future. As another exam-
ple, UNAVCO spearheaded the Stable North American 
Reference Frame (SNARF) working group, whose charge 
is (1) to define a frame that combines geodetic data in 
the plate interior and glacial isostatic adjustment models 
(Figure 23), and (2) to train the user community in the 
implementation and use of that frame for their science 
applications. In addition to data processing enhance-
ments, the IGS and the deployment of large regional 
arrays such as the GEONET in Japan and PBO along 
the Pacific-North America plate boundary have encour-
aged the development of better techniques for data 
storage and transfer, distributed processing, combination 
of networks, sharing of solution files, and display of time 
series. UNAVCO is taking an important role in these 
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activities, through its participation in the operation and 
maintenance of the GGN and PBO.

Space geodesy is fundamentally a global and interdisci-
plinary tool. UNAVCO and the investigators it supports 
are contributing to geodesy at a global scale, thereby fa-
cilitating applications for a broad diversity of geophysical 
applications. While space geodetic tools have matured to 
a level where sub-centimeter precision is possible glob-
ally for geophysical applications, new tools and recent 
technical improvements continue to make GPS data and 
products more accurate, more accessible to UNAVCO-
supported researchers, and even more important for 
future scientific studies.

Figure 23. Velocities of stations defining the Stable North American Refer-
ence Frame (SNARF) are affected by the continued influence of Glacial 
Isostatic Adjustment (GIA). The SNARF 1.0 GIA Model velocity field shown 
above was derived by a data assimilation of velocities obtained from GPS 
observations in North America. (UNAVCO SNARF Working Group).

Figure 22. Weekly coordinate repeatabilities for original and reprocessed data 
of ~100 IGS stations. Results and model changes shown are for the Center for 
Orbit Determination in Europe (CODE) as reported by Steigenberger et al. 
(2006) but are representative of the work of all of the IGS Analysis Centers.
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The Next Five Years
Revolution more than evolution characterizes the field 
of geodesy as new capabilities in terrestrial, airborne and 
space-based instrumentation and facilities transform the 
way geoscientists conduct their research. Using modern 
geodetic techniques, the UNAVCO research community 
works more collaboratively, makes greater use of data 
directly acquired from new facilities such as EarthScope, 
and their projects benefit more than ever from the experi-
enced and expert support provided from the UNAVCO 
Facility. To meet new and ever-expanding scientific 
goals, these researchers require greater precision, denser 
networks and spatial sampling, and higher data rates to 
observe time-dependent changes and rapidly occurring 
events. They are pushing into the most remote areas of 
the globe and are placing greater demands on power, 
communications and logistics requirements.

To address the increasing complexity of GPS projects, 
UNAVCO proactively enhances its services to meet these 
new and challenging demands. Over the last four years 
UNAVCO has benefited from developments associated 
with PBO and has significantly increased its engineering 
services to better support permanent station installations 
and operations. We have also developed portable systems 
capable of making unattended semi-permanent observa-
tions lasting months to years. UNAVCO has developed a 
scalable data management and archiving service capable 
of handling the large expected growth in GPS data. We 
will accompany the growth and diversity in data acquisi-
tion by providing enhanced data management, archiving 
and information management systems. Technologies 
and resources developed with PBO will be integrated 
into UNAVCO-wide operations and greatly enhance 
the capabilities of the Facility. With direction from the 
Facility Standing Committee and through user feedback, 
UNAVCO will continue to build and improve its core 
engineering and equipment services.

Geoscientists also will need to keep up with improve-
ments in processing, analysis, and interpretation of data 
from a diverse set of geodetic tools such as GPS, strain-
meters, InSAR, and LiDAR (airborne and terrestrial). 
They will need enhanced tools to integrate and model 
vast amounts data across observing systems and across 

scientific disciplines to include seismic, geologic, and 
remote sensing data that are pouring in from projects like 
EarthScope. These new activities will grow through new 
proposed UNAVCO initiatives and will build upon the 
solid foundation of core Facility capabilities. Similarly, 
as the demand for UNAVCO’s Education and Outreach 
services continues to grow, these activities will continue 
to provide the essential role of integrating cutting edge 
science with products and programs reaching audiences 
from the public to the geoscience research and education 
communities.

COrE fACIlITy SErVICE 
PrOjECTIONS fOr ThE NExT fIVE 
yEArS

engIneerIng and equIPment ServIceS

Primary engineering and equipment services that are the 
trademark of the UNAVCO Facility will continue to be 
provided to PIs and to the GGN. Our basis for projec-
tions for level of support for the next five years are ex-
trapolations of the past number of PI projects supported 
each year, the known funded PI projects, the numbers of 
PI permanent stations to which the Facility contributes 
operations and maintenance (O&M) support, and the 
growth in the volume of data in the archive. Projec-
tions are broken down into more detail for each sponsor 
program in the supplementary section of this proposal. 
As shown in Figure 24 (a), we anticipate that the Facility 
will continue to support approximately 45-50 EAR 
projects per year (25 at a higher level of support) and up 
to 35 UNAVCO member projects (all at a lower level 
of support). The number of permanent stations with 
Facility O&M support will grow at about 45 stations per 
year (Figure 24, (b). The cumulative increase in O&M 
will be accommodated without a large increase in the 
EAR budget due to the scalability of UNAVCO’s data 
management systems, improvements in receiver inter-
face technology, and increased efficiencies gained from 
having a larger pool of experienced engineering staff 
available at UNAVCO (Facility and PBO) upon which 
to draw upon to provide project support. In addition, 
significant participation by PIs and their collaborators 
on site can reduce the per-station support impact.
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Figure 24. (a) EAR, Community, and OPP Arctic and Antarctic projects supp-
orted each year during the previous Cooperative Agreement and projected over 
the next five years. (b) The UNAVCO Facility manages or assists operations 
and maintenance assistance for a growing number of NSF-EAR and NSF-OPP 
PI permanent stations. UNAVCO and JPL operate the NASA GGN.

The number of Antarctic projects has held steady at 
about 25 per year and the number of Arctic projects has 
grown to about 20 per year with commensurate increases 
in funding and staff (Figure 24 (a). The number of OPP 
permanent installations will increase dramatically from 
40 in 2007 to over 100 in 2009 due to increased fund-
ing associated with the International Polar Year and the 
funded and planned POLENET projects (Figure 24 (b). 
Additional funding is only requested for field engineer-
ing during the installation phases of these projects.

The Global GNSS Network (GGN), which currently 
consists of 68 core (plus 10 additional non-core) NASA-
supported stations that are co-operated by UNAVCO 
and JPL, is in need of an upgrade due to its aging 
hardware and dependence on less efficient communica-
tion methods. We expect to complete this upgrade of 

the existing GGN stations and to install up to three 
new stations per year to expand the GGN into sparsely 
instrumented regions, such as Madagascar and the 
south Atlantic. This upgrade and expansion will support 
NASA’s overall goal of improving reference frame and 
orbit determination.

data ServIceS

UNAVCO data management and distribution services 
will continue to be maintained and enhanced over the 
next five years. Core funded services, including data and 
metadata management, archiving, and data distribution, 
are provided for campaigns and permanent stations 
from NSF-EAR and NSF-OPP PIs, NASA’s GGN, and 
community-supported projects. Holdings include over 
1.7 million files from 1440 permanent stations and over 
650 campaigns with data at over 8000 locations (Figure 
25). The set of permanent stations archived includes 
both those for which UNAVCO provides installation, 
operations, and/or maintenance services, and those that 
benefit the community and often would otherwise be 
unavailable. Additional resources for archiving and data 
distribution are obtained from the USGS for the non-
PBO Nucleus 60-station portion of the former Southern 
California Integrated GPS Network (SCIGN).

UNAVCO supports additional archiving of station data 
of interest to the community, including all IGS stations 
through a sub-award to the University of California, 
San Diego Scripps Orbit and Permanent Array Center 
(SOPAC). Historically, SOPAC has provided archiving 
for several networks not held in the UNAVCO Archive 
including several foreign networks in Europe and Asia. 
The UNAVCO Archive’s campaign holdings from NSF, 
NASA, and community PIs are unique.

Growth in the number of permanent stations archived 
will include at a minimum the new installations sup-
ported by UNAVCO to a total of over 2000 stations 
(including 1091 PBO stations) by the end of the pro-
posal period in 2012. Campaign projects are expected to 
continue to be archived at a rate of 50 per year. The 1.7 
million files currently archived will increase to 6 million 
files over the same period (Figure 26). The rapidly ac-
celerating growth in holdings over the PBO construction 
phase is expected to stabilize beginning in FY 2009 to a 
steady 6 Tb per year of additional PBO holdings.  
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PBO provides additional resources for storage capability 
and systems developments that have allowed the archive 
to develop highly scalable systems and software. Existing 
archived stations and new installations in association 
with NSF-EAR and OPP projects, NASA-funded GGN 
stations, and other community projects will also contrib-
ute to additional (non-PBO) holdings growth of 2-3 Tb 
per year.

Figure 25. UNAVCO holds data for over 9400 sites worldwide, including 
((a) in green) 1440 permanent stations and ((b), in red) over 8000 campaign 
sites from 650 campaigns, with data from 1986 to the present.

Figure 26: Growth through time of UNAVCO archive GPS holdings with 
projections for 2007-2012. Currently PBO data storage requirements are 
larger on a per station basis as high rate, additional data products, and derived 
products are archived. These additional storage costs are funded separately by 
PBO.

ENhANCE uSEr SuPPOrT

addItIonal communIty gPS Pool receIverS

The UNAVCO Facility equipment pool, currently 
consisting of over 400 high precision GPS receivers 
and ancillary equipment for campaign and permanent 
station use, is in high demand with nearly 100% use of 
NSF-EAR and NSF-OPP systems. We propose to add 
new systems to the pool at a rate of 24 units per year. 
This rate is a minimum level to meet current demands 
on growth and replacement. We will work closely with 
sponsors in meeting additional demands for specific PI 
experiments. Instruments for new PI permanent station 
networks, for example, can be purchased via supple-
ments to the UNAVCO Cooperative Agreement.

A substantial number of receivers are also purchased 
at deep discounts by the UNAVCO community from 
vendors through the very popular UNAVCO member 
purchase program. The low prices that UNAVCO 
has negotiated with vendors including Trimble and 
Topcon allow its members to as much as triple the 
scientific results that would have been achieved without 
UNAVCO’s bargaining power. UNAVCO will under-
take renegotiation of member pricing with the vendors 
as current agreements expire. As these agreements do 
require UNAVCO to support the warranty repair of the 
equipment, the Facility must support sufficient techni-
cians and testing facilities to service the growing UN-
AVCO shared pool and EarthScope and Community 
purchased systems.

Integral to new community receiver purchases will be 
the capability of new hardware to support new signals 
and systems, such as GLONASS and Galileo. As with 
our development and testing program, community 
demand for these new capabilities will drive our interac-
tions with hardware manufacturers.

enhanced data ServIceS

The growth in holdings and the capabilities of the 
UNAVCO Data Center during the most recent fund-
ing period has been the most dramatic in its 15-year 
history. Going forward, the community has requested 
support for as broad a collection of GPS data at the Data 
Center as possible. This request means that additional 
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data from mainly global sources should increasingly be 
collected or mirrored by UNAVCO. UNAVCO has met 
the need for highly scalable archiving systems in the past 
several years through software development and systems 
design enhancements. UNAVCO’s data management 
and archiving systems can meet the ongoing challenge 
of expanded holdings from greater numbers of stations. 
In order to provide broader use of UNAVCO data and 
products, we will be working with SOPAC and IRIS to 
developed web services-based tools to access the archive.

As numerous federally- and university-funded research 
efforts depend on continuous, disruption-free data de-
livery, UNAVCO is planning to build an off-site warm 
failover capability so that scaled-back critical operations 
can continue in case of a disaster (e.g. fire, extended 
power outage, extended network outage) at the Boulder 
site. The warm failover will be based on existing UN-
AVCO-developed technologies for data management, 
archiving, and delivery and will be primarily supported 
by PBO.

As discussed earlier, current research has shown that 
higher rate data (1 Hz) GPS analyses can be useful for 
understanding both co- and immediate postseismic 
deformations. A major benefit of having rapid infor-
mation about earthquake deformation is an ability to 
rapidly project tsunami-generation potential of an event. 
To be useful for seismic analysis, the data and product 
stream needs to be fed into systems like those in use by 
IRIS in near-real time. To move forward in determining 
the utility of GPS in this area, high-rate data needs to 
be collected and data management needs to be in place 
to disseminate the data in near-real time. UNAVCO’s 
data management services will be augmented, mainly 
through NASA support, to provide high-rate data with 
low latency.

GPS ProceSSinG Software SuPPort

GPS data analysis is a complex procedure that converts 
the phase and pseudorange measurements recorded by 
GPS receivers into station coordinates and velocities. 
This procedure makes use of precise orbits from the 
International GNSS Service (IGS) and precise reference 
station coordinates and velocities from the International 
Terrestrial Reference Frame, two products that make 

significant use of the UNAVCO- and JPL-supported 
NASA Global GNSS Network. The first step consists of 
estimating station positions averaged over the observ-
ing session (usually a few hours to a few days) from 
raw measurements from files usually obtained from 
the UNAVCO Data Center. The second step consists 
of combining position estimates from successive ep-
ochs or surveys to determine station velocities. Both 
steps require some knowledge of geodetic theory and 
experience with the software used in the analysis. NSF 
geophysical investigators perform their GPS analysis, 
with few exceptions, using either the GAMIT/GLOBK 
software developed by MIT or the GIPSY/OASIS soft-
ware developed by JPL (funded by NASA). Since 1997, 
EAR/IF has provided direct support to MIT to improve 
GAMIT/GLOBK software and offer more user support 
in the form of documentation and training. NASA has 
also continued to fund GIPSY development at JPL. 
Both packages are available at no cost to educational and 
research institutions.

The return on NSF’s investment in GAMIT/GLOBK 
has been significant. Over 50 U.S. investigators and 65 
foreign institutions with which they collaborate use the 
software. Since EAR/IF began supporting the develop-
ment and distribution of the software in 1997, it has 
been used for analysis of GPS data contributing to over 
400 journal articles (http://www-gpsg.mit.edu/~simon/
gtgk/GAMIT_use_refs.htm). In this proposal, MIT will 
be supported through a sub-award from the Cooperative 
Agreement for GAMIT software development, training 
and troubleshooting for investigators, and documenta-
tion. UNAVCO also plans to continue sponsoring 
GAMIT training classes as part of its Education and 
Outreach activities. Additional information on GAMIT 
support is presented in the supplementary section of this 
proposal.

acceSS to earthScoPe/PBo Data ServiceS

Although a large part of the UNAVCO GPS commu-
nity has the ability to process their own data, a growing 
number of users have expressed the need for a data 
processing service that would simplify their operations 
and enhance the science return. UNAVCO therefore 
proposes to test a procedure by which PIs will be able to 
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use the PBO-developed GPS data processing mechanism 
(Analysis Centers and the Analysis Center Coordinator) 
to convert their data to high-precision position and ve-
locities expressed in a well-defined reference frame. This 
pilot project is feasible because two parts of the required 
infrastructure are already in place at UNAVCO. The first 
is the Facility Data Center, which accepts (by require-
ment) all data acquired with NSF funds and works with 
the PIs to ensure that all metadata are accurate, an essen-
tial requirement for efficient automated processing. The 
second is the system of protocols and processing centers 
developed for PBO, with two analysis centers (Central 
Washington University and New Mexico Tech) produc-
ing daily solutions from phase data and one analysis cen-
ter coordinator (MIT) combining these daily solutions 
into position time series and station velocities. Currently, 
this system is dedicated to processing data acquired by 
PBO, PBO Nucleus, and supporting IGS stations, as 
well as campaign data acquired under EarthScope fund-
ing. Provided that the metadata associated with each 
measurement file is kept accurate – a task that is already 
performed by UNAVCO on a routine basis for all of its 
data holdings – including additional stations in the data 
processing flow involves minimal incremental effort. 
This new model for providing PIs with high-precision 
position time series and site velocities has not been done 
outside of PBO yet and requires testing before it can 
be offered as a routine service. We propose to offer this 
processing service on an experimental basis over the 
next two years in order to assess feasibility and confirm 
PI demand. The outcome of this test will be evaluated 
after two years in order to assess whether this processing 
service should be expanded. All data and products using 
this service will be publicly and freely available on the 
UNAVCO website.

enhanced communIty Knowledge BaSe

UNAVCO is widely regarded by the community as the 
primary source of information on new technologies, as a 
resource for information on current technologies, and as 
a source of detailed knowledge needed to use and under-
stand GPS at the highest levels of precision. This experi-
ence is gained through interactions with investigators 
on projects, lessons learned implementing large projects 
such as PBO, and products and procedures specifically 

developed with projects such as the UNAVCO NSF 
polar MRI. Continued improvement of measurement 
accuracy, coupled with technology advancements in 
processing systems, power systems and data communica-
tions, has led to improved scientific data return, quality 
and increased efficiency of operations.

In addition to direct communications through project 
support, UNAVCO provides information on a compre-
hensive website that has information and resources to 
help disseminate best practices and procedures. During 
Science Workshops held with UNAVCO, EarthScope, 
or IRIS meetings, Special Interest Group sessions are 
held to share experiences, technical plans, and to provide 
additional exchanges between Facility and community 
members. UNAVCO plans to strengthen information 
content made available on the web and continue to 
provide direct training sessions and to host technical 
workshops and sessions.

AdVANCE PErfOrmANCE
UNAVCO is a community asset for driving advance-
ments of geodetic technologies, and in the adoption 
of new technologies for the community. UNAVCO 
maintains the capability to evaluate new equipment, 
advise users of suitability, and support use of equipment 
for existing and emerging applications. The desire to 
push global measurement accuracy to the millimeter 
level has emphasized the need for a more robust test-
ing program, as fundamental issues such as multipath, 
antenna/radome effects and site stability must be better 
understood. Data conditioning, processing and man-
agement systems must be expanded to accommodate 
new observables. Careful consideration of effects of any 
equipment changes must be made at global stations 
that contribute to defining the International Terrestrial 
Reference Frame, and any resulting changes in the time 
series at these stations must be understood. In addition, 
advancements in station technologies are required as we 
expand operations into more remote locations where 
specialized systems capable of being effectively deployed 
under extreme conditions are required.

The Facility is actively engaged in development and 
testing activities, conducted in collaboration with 
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community PIs and in coordination with vendors of 
GPS and related equipment, to advance performance 
in remote data communications, power systems, and 
receivers and antennas. Facility development and testing 
currently occurs in relationship to specific PI projects, 
but also benefits the broader GPS community as expe-
riences and techniques are disseminated via the web, 
meetings, workshops and classes and direct engineer 
training. UNAVCO’s development and testing process 
builds upon years of interactions, shared community and 
Facility goals and acknowledged expertise. In addition to 
receiver and antenna testing, UNAVCO is testing and 
implementing new Internet Protocol (IP)-based GPS 
receivers with VSAT (Very Small Aperture Terminal), 
portable cellular- and satellite-based Internet services, 
and IP-enabled spread spectrum radios for GPS com-
munications.

In order to address the growing development and testing 
workload, a new development and testing engineer 
position will be dedicated to this task and funded from 
all the programs represented in this proposal. This 
engineering resource will complement the considerable 
expertise UNAVCO has in signal and data content from 
GPS and other GNSS systems acquired over the years 
through development of the TEQC software package. A 
focus in the next few years will be the impact of L2C (a 
new frequency to be broadcast from GPS satellites), the 
modernization and new signals in the next generation 
GPS system, and the European Galileo system. Another 
ongoing task will be the evaluation and testing of new 
receivers coming on to the market as we transition from 
the current systems that have served the community over 
the last five years.

Figure 27. UNAVCO engineers conducted extensive receiver and antenna tests for PBO and community procurements at the start of EarthScope. A new full 
time development and testing activity will allow for ongoing work to evaluate the next generation of GNSS systems, conduct antenna and receiver mixing tests, 
and address technical advances with instrumentation and monumentation.
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ExPlOIT SyNErGIES bETwEEN 
PrOGrAmS
By virtue of its role in supporting projects funded by 
multiple agencies and programs, UNAVCO operates at 
a fulcrum of technical knowledge related to diverse GPS 
applications, and as such, is in a position to facilitate 
cross-over of knowledge and leveraging of capabilities 
and collaboration between investigators with similar 
interests and technology needs. The permanent GPS 
systems developed for PBO, for example, have become 
the de facto standard that has already been adopted for 
use by many community projects. The UNAVCO role in 
operating the GGN and supporting the IGS for NASA, 
as another example, assures free availability of high-qual-
ity global GNSS data and products required for virtually 
all high-precision GNSS research applications across 
multiple disciplines. Many of the technologies and 
procedures developed for the GGN have driven early 
community knowledge and the development of capabili-
ties for operating large, multi-use GPS networks. A cur-
rent focus is the development of streamed data handling 
to improve GGN communications and data processing 
systems to support research requiring near real-time 
positioning. UNAVCO has enjoyed cooperation with 
related programs in atmospheric sciences, seismology 
and others that benefit from sharing resources and 
knowledge (Figure 28). UNAVCO is facilitating coop-
eration with atmospheric scientists on several projects to 
leverage capabilities being developed by other programs 
to return data useful to the UNAVCO community. 
UNAVCO and the seismic community commonly share 
sites, power and communications where collocated, and 
UNAVCO and IRIS are collaborating in the develop-
ment of advanced station technologies for polar use.

Figure 28. Co-located GNSS and seismic equipment installed by UNAVCO and the IRIS IDA (International Deployment of Accelerometers) Project near 
Mbarara, Uganda. The GPS and seismic stations share power and telemetry systems.

dEVElOP NEw INITIATIVES ANd 
wIdEN ThE uSEr bASE
The primary tool supported by UNAVCO has tradition-
ally been GPS, used by many UNAVCO community 
members to study surface deformation from tectonic or 
magmatic stresses. However, the science being conducted 
by the community is increasingly interdisciplinary and 
the demand is growing for the integrating diverse tools 
and techniques. Sparked by EarthScope PBO and other 
community-driven initiatives such as UNAVCO’s strate-
gic planning, UNAVCO is currently developing support 
for other techniques such as borehole strainmeters and 
seismometers, Interferometric Synthetic Aperture Radar 
(InSAR), and Light Detection and Ranging (LiDAR), 
which are expanding the spatial and temporal resolution 
with which geophysical signals can be measured. At the 
same time, GPS is finding applications in a frequency 
range that used to be the sole provenance of seismology, 
as GPS moves from daily solutions to high-rate applica-
tions with epoch-by-epoch solutions. UNAVCO will be 
providing increased support for high-rate applications in 
the future. This diversification in the techniques and sci-
ence applications supported by UNAVCO is the result 
of a conscious strategy to meet the future needs of the 
science community.

While the techniques used have evolved, the basic goals 
of the observations are the same – to measure with high 
precision the shape of Earth’s surface and its changes in 
time due to geophysical processes. Similarly, while UN-
AVCO’s support to investigators has evolved, we have 
stayed true to our core competencies in engineering, 
equipment and data services. Ultimately, it is the funded 
science proposed and support required for that science 
that drives the directions of the activities of the Facility. 
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These proposals can be individual investigator studies, 
larger collaborative projects, or even larger initiatives 
like EarthScope that require enormous infrastructure 
and involve multiple facilities and numerous associated 
scientific investigations.

In order to adapt to a continually changing project land-
scape, to continue to provide the highest level of support 
to core activities, and to accommodate and support ex-
citing new initiatives, UNAVCO has adopted a strategy 
whereby major new activities are developed with com-
munity engagement through separate proposals. This 
process allows UNAVCO to build upon existing com-
petencies through augmentation, ensures peer review 
of new activities that is independent of the core Facility 
proposal, and provides a means of involving community 
members in the development and implementation of 
new initiatives. As is discussed in the supplementary 
documents, UNAVCO manages these new projects with 
dedicated Facility Engineering Group Project teams. The 
exception is PBO where the scope of the project was too 
large and broad to manage in this manner and a separate 
UNAVCO PBO program was created. In either case, 
synergism between the projects and programs provides 
sharing of expertise leading to high quality and high 
efficiency in implementation.

As new initiatives and an engaged and growing com-
munity are the lifeblood of any organization such as 
UNAVCO, some of the ongoing and currently proposed 
new activities in which UNAVCO is involved are sum-
marized below.

InSar

Interferometric Synthetic Aperture Radar (InSAR) 
provides very high precision and spatially dense defor-
mation data. InSAR data are very complementary to 
GPS providing considerably denser spatial sampling, 
but also much less frequent temporal sampling. With-
out a dedicated U.S. InSAR mission, the challenge for 
the InSAR community has been to acquire data from 
foreign-owned systems including ALOS, ERS, ENVI-
SAT, and RADARSAT. To facilitate this acquisition for 
the InSAR community, which not surprisingly includes 
many members of the GPS community, the WInSAR 
consortium was created and managed by the Southern 

California Earthquake Center (SCEC). In 2006, after an 
open competition, UNAVCO was selected by the WIn-
SAR consortium to manage WInSAR archiving. The 
WInSAR community through UNAVCO submitted 
a proposal to NSF EAR/USGS/NASA in March 2007 
that will bring resources to the Facility to provide and 
enhance WInSAR archive services as well as to purchase 
data (2007-2009).

InSAR data is also a significant component of GeoEarth-
Scope that also includes acquisition of Airborne Laser 
Swath Mapping (ALSM or “Airborne LiDAR”) and 
geochronology. UNAVCO manages GeoEarthScope 
activities within the Facility with guidance provided by 
GeoEarthScope advisory committees, the PBO Standing 
Committee and NSF. As a result of this direction, tens of 
thousands of InSAR scenes will be purchased that span 
the EarthScope footprint. These data will be provided 
to the research community by the UNAVCO Data 
Center. The legacy of this project will be not only a vast 
amount of data but also a significant contribution to 
the UNAVCO Data Center infrastructure and increased 
ability and knowledge to better serve the growing InSAR 
community in the future.

lIdar

LiDAR methods have advanced considerably over the 
last decade and recent work has shown he technology to 
be a powerful addition to the geodesist’s and geomor-
phologist’s toolbox. There are two LiDAR techniques, 
ALSM where the scanner is flown in an aircraft, and Ter-
restrial Laser Scanning (TLS) where the laser is mounted 
on a tripod. Precision ALSM services are provided by 
the NSF EAR-funded National Center for Airborne 
Laser Mapping (NCALM). The highest precision (sub-
decimeter) mapping requires considerable GPS ground 
control provided by high-rate campaign and perma-
nent GPS stations as well as airborne GPS and inertial 
navigation. The GPS work involves intensive logistics, 
demanding schedules, and large numbers of receivers 
and field personnel. UNAVCO has therefore been called 
upon to provide expertise and support for two such 
projects to date. The largest such project, the Southern 
San Andreas “B4” project flew over a thousand miles of 
the fault in 2006. The survey provided highly precise 
topography data to geologists and a baseline surface for 
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comparison after the next major rupture of the fault. As 
part of the GeoEarthScope initiative, UNAVCO will be 
working with NCALM to fly the northern San Andreas 
and related fault zones and other faults in the western 
U.S. over the next year and a half. UNAVCO will be 
responsible for archiving all GeoEarthScope data and 
is working with Geosciences Network (GEON) facili-
ties to provide advanced cyberinfrastructure tools that 
will allow a wide audience of users to easily access and 
process the data. We anticipate providing GPS support 
to two ALSM investigations in 2008, and one to two PI 
projects per year after that.

An even higher level of accuracy can be obtained by 
conducting a LiDAR survey using ground-based TLS 
instrumentation. Fully three-dimensional sub-centi-
meter precision scans can be made of surface features 
such as fault scarps, outcrops, glaciers, and stream beds. 
Comparisons over time provide information on crustal 
deformation, erosion and surface movements such as 
landslides. Sub-millimeter/year-rates have been demon-
strated with post-seismic deformation using movements 
of cultural features. Concurrent GPS provides important 
geolocation and reference frame information and digital 
cameras provide high-resolution images that can be com-
bined with TLS measurement. TLS systems are expen-
sive, over $100k each, and the procedures for acquisition 
and processing sophisticated. A community collaborative 
proposal (U. Idaho, Univ. of Kansas, U. Texas, Dallas, 
Arizona State and UNAVCO) was submitted to EAR/IF 
to develop UNAVCO TLS capabilities. “Building the 
INTERFACE (INTERdisciplinary alliance for digital 
Field data ACquisition and Exploration) facility for cm-
scale, 3D digital field geology”, if funded, will support 
collaborators experienced in TLS to work with the UN-
AVCO Facility to develop, document and teach to new 
users field and processing techniques as well as integrate 
the technology with electronic field mapping systems. 
TLS systems will be made available via shared university-
owned equipment and a new TLS to be purchased via 
this grant. Data and processing will be available via the 
GEON LiDAR Workflow cyberinfrastructure developed 
by GEON/ASU for airborne LiDAR. The demand for 
TLS is also growing within the polar community and 
UNAVCO and New Mexico Tech have thus submitted 
an OPP MRI proposal for the acquisition of an extreme-

cold-climate-capable TLS for use in polar regions. This 
work should also generate international interest and high 
visibility during the International Polar Year.

InternatIonal Polar year

The International Polar Year is a large scientific initiative 
focused on the Arctic and the Antarctic from March 
2007 to March 2009. UNAVCO is ramping up its 
support of OPP projects to meet increased demands and 
specialized needs of PI IPY initiatives, having recently 
doubled its Polar Engineering Group’s field support 
staff. The funded UNAVCO/IRIS Collaborative Re-
search NSF OPP MRI “Development of a Power and 
Communication System for Remote Autonomous GPS 
and Seismic Stations in Antarctica” provides a focused 
engineering effort to meet the anticipated needs of new 
UNAVCO-supported projects, such as POLENET, 
which seek to provide unprecedented GPS and seismic 
data time series from the interior of Antarctica and the 
perimeter of Greenland. The resulting data will yield 
timely measurements of crustal deformation in response 
to ice mass changes, tectonics and magmatic stresses, 
and other environmental factors.

FocuS on aFrIca – aFreF and aFrIca array

The African continent has become the focus of interna-
tional scientific attention from both the geodetic and 
seismic communities. The African Reference Frame 
(AFREF) Project has been designed to unify African 
national geodetic reference frames into a single reference 
frame, the International Terrestrial Reference Frame 
(ITRF). The project will be designed, managed and 
executed by African countries with the assistance and 
advice of the international geodetic community includ-
ing UNAVCO. This collaboration will enhance the 
skills of African geodesists, surveyors and researchers in 
geodesy and the applications of GNSS and the Global 
Positioning System (GPS). It will provide open access 
to GPS data that will benefit the geophysical research 
community in a continent that currently has very sparse 
coverage. UNAVCO participated in the AFREF techni-
cal meeting in South Africa in July 2006 and provided 
NASA funded participant support. UNAVCO will simi-
larly participate and help to sponsor the 2007 AFREF 
workshop in Kenya.



1-30

2008-2012 U
N

AV
C

O
 PRO

PO
SAL: G

EO
D

ESY AD
VAN

C
IN

G
 EART

H
 SC

IEN
C

E R
ESEARC

H

1-31

Project Description

UNAVCO is part of new initiatives that are underway 
to add permanent GPS infrastructure to the ongoing 
AfricaArray project. AfricaArray is a long-term initiative 
involving training of the African technical workforce, 
education of students, and research in geophysics, par-
ticularly in seismology. It is anticipated that over 30 seis-
mic stations will be enhanced to include GPS stations 
and telemetry. AfricaArray is designed to achieve long 
term sustainability by strengthening training provided 
by existing educational institutions; it is also a stated 
goal of AfricaArray to engage U.S. minority students (as 
well as non-minority students) interested in Africa with 
opportunities to engage in scientific research that can 
potentially benefit Africa’s development.

cyBerInFraStructure

A large part of UNAVCO’s activities involve data 
acquisition, management and archiving. The hardware, 
expertise, and technology required to support this type 
of activity has come to be known as cyberinfrastruc-
ture. Like physical infrastructure, cyberinfrastructure 
removes barriers and efficiently facilitates connecting 
people with resources such as data, computers, and 
other IT services including processing and advanced 
visualization. In addition to core cyberinfrastructure 
developments, UNAVCO has been involved in the 
collaborative Geosciences Network “GEON”, a large 
scale NSF Information Technology Research (ITR) 
project. UNAVCO’s role has been to develop advanced 
3D-4D visualizations in a distributed data environment 
to facilitate integrating a variety of data (deformation, 
tomography, earthquakes, imagery, and other geologic 
and geophysical data) expected from projects such as 
EarthScope. GEON has provided a computing cluster to 
UNAVCO that will be used to implement a GEON-de-
veloped LiDAR web-service processing node and other 
Facility processing needs. UNAVCO will participate in 
a follow-on proposal “GEON II” that will be submitted 
to the EAR/IF Cyberinfrastructure solicitation in June 
2007. UNAVCO, IRIS, and Stanford University are also 
partnering with the San Diego Supercomputing Center 
to develop web-services based tools for the EarthScope 
Portal. These efforts and GEON have kept UNAVCO 
at the forefront of modern IT developments and well 
prepared to participate in future cyberinfrastructure 

initiatives that will continue to help the community it 
supports to find and use data effectively and efficiently.

ExPANd EduCATION ANd 
OuTrEACh EffOrTS

geodeSy aS Part oF the earth SyStem and 
SocIety

Geodetic study of crustal deformation is the product of 
a relatively small community of scientists. It is perhaps 
not surprising that the broader public is little informed 
about the important accomplishments of our science, 
but perhaps of greater concern that members of our own 
broader scientific community know little about modern 
geodetic research. Solid Earth geodynamics is a science 
rich with important societal applications. Emphasizing 
this relevance to societal needs is critical to engaging the 
public, eliciting interest among potential students, and 
developing the human infrastructure for tomorrow’s 
scientific community. Increasing understanding of our 
science, improving access to our data, and inviting a 
broader participation is the emphasis of the next five 
years. At a time when workforce issues are in the lime-
light in our nation’s strategic directions, highlighting 
the UNAVCO community’s science within the larger 
Earth system science and within our broader society is 
increasingly important. Education and outreach activi-
ties align with UNAVCO’s core scientific activities and 
new initiatives.

dISSemInatIng ScIence advanceS In educa-
tIonal SettIngS

In the next five years, we will extend UNAVCO’s cur-
rent work in education through broader dissemination 
and incorporating UNAVCO materials into national 
programs. For instance, UNAVCO is involved in the 
development of a new capstone Earth Science class serv-
ing a large, diverse population in Texas and is exploring 
participation in the Earth System Science Education 
Alliance (ESSEA) support of classes taught by colleges 
and universities in the preparation of pre-service, middle 
and high school teachers. UNAVCO participates in 
the community’s efforts to make Earth System Science 
recognized as a secondary, lab-based science course for 
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entrance into colleges by making ESS a more integral 
part of the existing, advanced placement Environmental 
Science course. Continued development of new techno-
logical resources, such as the Jules Verne Voyager suite 
of map tools, will make state-of-the-art geodetic and 
geodynamic data available to an increasingly broad set 
of educational users through web-based tools (Figure 
29). Finally, UNAVCO’s Master Teacher-in-Residence 
and Faculty-in-Residence programs will bring experts 
in pedagogy and science content to UNAVCO to work 
with other faculty/scientists and UNAVCO staff in 
developing materials for educational settings.

Future development will build tutorials that lead users 
to find, download, and analyze the data in the classroom 
settings. UNAVCO E&O will publish its second chapter 
in the Earth Exploration Toolbook http://serc.carleton.
edu/eet/index.html in summer 2007. We will expand 
the included data types beyond GPS to InSAR, LiDAR 
and strainmeter data. Flash-based data visualization 
capabilities will be part of our arsenal of tools. We can 
imagine that as virtual, three-dimensional visualization 
technology (IMAX, CAVE) becomes more mature, 
UNAVCO can employ these using our geoscience data. 
Already UNAVCO has tested a combination of IDV 

Figure 29. Some of UNAVCO’s newly developed E&O websites. Focus groups, interviews, and feedback from workshops drove the design and functionality of 
this website and revision of the popular and powerful Jules Verne Voyager.

and GeoWall for data to be viewed and manipulated in 
a three-dimensional environment. UNAVCO’s partner-
ship with GEON and our dedication to embracing 
appropriate cutting edge technology will ensure that 
UNAVCO’s E&O program will help bring geoscience 
education into the 21st century.

PromotIng dIverSIty

UNAVCO has forged a leadership role in promoting 
participation in the geoscience community by an in-
creasingly diverse group of young scientists. UNAVCO 
leads the RESESS program (Research and Education 
in Solid Earth Science for Students), currently funded 
by NSF GEO (Figure 30). Recruitment of new interns 
from underrepresented groups in STEM (Science, Tech-
nology, Engineering, and Mathematics) disciplines will 
continue, and our community must continue to include 
these students in our various activities. During the next 
five years, UNAVCO and its partners (IRIS and USGS 
(Golden)) will work together to find ways of sustaining 
this program with increased contributions by individual 
principal investigator projects. Evaluating the success of 
RESESS during the initial three years and building part-
nerships will help in this endeavor. As our infrastructure 
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and recruiting methods for this program become more 
robust, UNAVCO will spend more effort educating our 
community about the benefits of sustaining programs 
such as RESESS and building more partnerships with 
scientists, institutions, and other organizations with 
similar goals.

Figure 30. 2006 RESESS intern Miriam Garcia (left) works on a project 
modeling a blind thrust in the Himalayas with Roger Bilham and Walter 
Szeliga (right).

traInIng the new generatIon oF earth 
ScIentIStS

UNAVCO will expand its “Short Course Series”. During 
2006, two courses (Using Strainmeter Data and GPS 
Processing) had a total of 35 participants including 
11 graduate students, 3 post-docs, and 3 undergradu-
ate students. The group included 10 women and 9 
Hispanic/Latino participants. Particular emphasis as 
training activities are expanded will remain on encourag-
ing and sustaining young and emerging scientists. The 
UNAVCO Community Science Workshop is held every 
two years. This workshop, organized through broad 
community participation, offers focused science sessions 
and special interest workshops that provide a unique 
opportunity for the research community that uses 
geodesy to share their science and technology. Member 
institutions and their associated scientists come together 
to share common science discoveries and build future 
community projects. In the past two years, UNAVCO 
has increased participation by international scientists 
and undergraduate and graduate students. Increasing 
the participation by students and scientists of under-

represented STEM fields as well as researchers in newly 
emerging technologies (LiDAR, InSAR) is a major goal 
for the 2008, 2010, and 2012 UNAVCO Science meet-
ings.

IncreaSIng the PuBlIc underStandIng oF 
ScIence

UNAVCO will work closely with IRIS during the next 
five years to develop the design and implementation of 
IRIS’s Active Earth interactive computer-based exhibit 
designed for interpretive centers and small museums. 
This exhibit has been in prototype and was released to 
the public in March 2007. UNAVCO will contribute 
to the educational design and increased geodetic science 
content for EarthScope and various polar projects in the 
short-to-medium term.

The UNAVCO website hosts an increasing number of 
community science highlights, more user-friendly data 
interfaces to data for educators and scientists, interactive 
space for building community projects and short courses 
(using the PLONE technology), and other improve-
ments to engage our community. Technology evolves 
rapidly and UNAVCO will seek ways to incorporate 
web-based technologies to better serve our community.

ENGAGE ThE COmmuNITy
UNAVCO’s long-range strategic planning is directed 
by the UNAVCO Board and the UNAVCO President 
with advice from the Standing Committees for the 
UNAVCO Facility, Education and Outreach, and the 
Plate Boundary Observatory and the WInSAR Executive 
Committee. These Committees are charged with ensur-
ing that UNAVCO’s activities meet current and future 
objectives. UNAVCO has operated under a community-
developed strategic plan that provides broad guidelines 
for future activities at UNAVCO. The primary goals 
have been to provide effective support of NSF and 
NASA investigations; to add new capability required to 
support geophysical research in particular in areas devel-
oped through PBO; to expand and improve Education 
and Outreach; to develop a strong and diverse scientific 
community; and to develop new programs at an interna-
tional level that will broaden the scope of EarthScope.
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As we have described above, a number of new initiatives 
that have been funded or proposed will advance UN-
AVCO forward on its long-range goals. It is important 
to emphasize that UNAVCO’s activities are entirely 
community driven. The collaborative proposals such at 
INTERFACE and WInSAR involve community work-
shops, researchers and consortia, and are coordinated 
with sponsors. A significant benefit to the community 
is the platform that UNAVCO provides as a forum for 
these types of planning and discussions, as a mechanism 
for creating and submitting community proposals, and 
through facilities to support successful new activities.

It is essential for any organization to continually evalu-
ate progress and to look forward on strategic issues. This 
type of scrutiny is particularly important for UNAVCO 
in light of its rapid growth both in numbers and in its 
diversity of persons, science and technologies. In order 
to meet this challenge, the UNAVCO Board in 2007 
created two new Standing Committees, the UNAVCO 
Diversity Committee and the UNAVCO Strategic Plan-
ning Committee. These Committees, consisting of both 
community and outside members, will guide UNAVCO 
toward its current goals and help develop its long-term 
vision for the future.

budGET ANd mANAGEmENT PlAN

overvIew

UNAVCO’s goal is to deliver the broad range of ser-
vices highlighted in this proposal at a minimal cost. 
To accomplish this task, UNAVCO has developed a 
flat (fewer managers), flexible (responsive to evolving 
community and sponsor needs), and capable (high-
value people and equipment) organization. We also 
take advantage of efficiencies afforded by carefully 
structured collaborations with peer organizations such 
as IRIS and governmental science agencies such as 
USGS and NASA. Aggregating the services of various 
communities and sponsors has achieved a lower cost 
for any given sponsor, which allows UNAVCO to give 
our stakeholders (NSF, NASA, and the community) the 
maximum value per dollar spent. UNAVCO has set up 
clear budgets focused on the requirements of its primary 
funding sources, which are based on establishing clear 

performance goals/metrics to ensure continued delivery 
of high-value services at a prudent cost. UNAVCO’s 
Performance Management System uses key performance 
metrics to rapidly assess if its goals are being met and to 
implement and monitor corrective action.

unavco FundIng hIStory

Core funding for the UNAVCO Facility and Commu-
nity cooperative agreement (NSF-EAR/IF, NSF-OPP, 
NASA) has been relatively level for the last four years 
and is proposed to grow slowly over the next five years 
(Figure 31). During the past four years the scope of 
work has evolved and grown dramatically. For example, 
in 2003 UNAVCO helped manage approximately 200 
PI permanent stations, a number which has grown to 
over 400 in 2007 and is further anticipated to grow at 
a rate of about 10% annually over the next five years. 
The UNAVCO receiver pool grew from 150 to over 
400 units and has consistently been fully subscribed. 
In addition, over 700 UNAVCO member commu-
nity-owned receivers have been purchased under the 
UNAVCO-negotiated community pricing since 2004. 
With greater numbers of receivers available, the average 
size of a campaign project has grown and projects have 
become more complex, often involving a combination 
of semi-permanent installations, permanent stations, 
and shorter occupation campaign surveys. Demands for 
more stable monumentation such as deep-drilled braced 
monuments have also grown, requiring capable planning 
and engineering support.

The Facility has managed this growth by improving or-
ganizational and operational efficiency. Specifically, our 
approach has involved the development of streamlined 
data management and archiving systems, the implemen-
tation of PBO-developed station management tools, the 
use of Internet-capable GPS receivers and where possible 
the standardization of portable and permanent station 
GPS, power and communications systems to reduce 
inefficiencies. In addition UNAVCO has developed 
project management tools, assembled and trained an 
expert staff, and striven to transfer this knowledge to the 
community who actively participates in projects.

The largest growth in UNAVCO’s organizational fund-
ing has been the EarthScope Plate Boundary Observa-
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tory MREFC project. As noted earlier, this project is 
managed and funded separately from other projects 
within UNAVCO. EarthScope will transition from 
the MREFC construction phase to an Operations and 
Maintenance Phase in FY2009. Other significant fund-
ing sources include grants for PBO Nucleus (integrating 
existing GPS into PBO) and an OPP MRI project that 
builds up in FY2007 and 2008. Other projects include 
RESESS, a student internship program funded under 
NSF’s Opportunities for Enhancing Diversity in the 
Geosciences, and the GEON NSF Cyberinfrastructure 
project. A number of proposed projects including IN-
TERFACE and WInSAR are not shown in the figure.

Figure 31. Overall UNAVCO funding history 1991-2007 and projections 
through 2012. The management of the UNAVCO Facility moved from 
UCAR to UNAVCO, Inc. and the EarthScope PBO and related PBO 
Nucleus projects began in FY2004.

ProPoSed Budget Plan

ScoPe

The proposal scope includes UNAVCO Facility activities 
planned for its three primary core funding sources, NSF 
EAR, NSF OPP (Arctic and Antarctic), and NASA. 
Core Facility functions include engineering and equip-
ment Services, data services, overall support, subawards, 
and participant support for community activities.

ScheDule

The proposed period of performance is five years from 1 
January 2008 until 31 December 2012.

BuDGet overview

The proposed budget is summarized here and discussed 
in detail in the Budget and Budget Justification section 
of the proposal. The total budget request for five years is 
$21,228,779.

The budget is broken down by the individual sponsor-
ing program. Figure 32 and Table 1 provide the budget 
profile by year by sponsor. The overall scope of work 
is anticipated to be level with increases in budget to 
accommodate annual increases in salary and other items 
subject to inflation. The budget also reflects changes in 
the General & Administrative (G&A) cost rate of UN-
AVCO and the allocated common Facilities Charges (for 
office, warehouse and laboratory space in the Headquar-
ters building).

UNAVCO’s direct cost base will be substantially reduced 
after the end of the EarthScope/PBO construction phase 
in October of 2008. As a result, there will be increases 
in the G&A rate starting in 2009. The G&A rate is 
projected to be 11% in 2008, then 15% in years 2009-
2012. Common Facilities Charges represent 10% of the 
total budget in 2008 and will drop to under 8% of the 
total budget in 2009 which partially offsets the G&A 
increase. Accounting for all changes, the total annual 
budget of the Cooperative Agreement will increase at 
less than 3% per year.

Figure 32. Facility budget profile 2008-2012 by funding sponsor.
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table 1. Facility budget profile 2008-2012 by funding sponsor.

Approximately 58% of the proposed UNAVCO Facility 
budget is from NSF EAR/IF to support individual PI 
projects funded by NSF EAR programs, as well as com-
munity activities such as the UNAVCO Science Work-
shop and Education and Outreach participant support. 
Primary EAR-driven Facility tasks include providing data 
flow management, operations and engineering support 
for permanent station networks and campaigns; develop-
ment and testing; and maintaining a data distribution 
and archive facility. The largest component of EAR 
engineering and technical support is associated with per-
manent stations, much of it conducted from the Boulder 
Facility, with project field engineering support provided 
as required. Also budgeted are funds for the purchase 
of 12 GPS receiver systems per year to replenish and/or 
expand the EAR receiver pool. Subawards to UC San 
Diego (SOPAC) for additional archiving activities and 
to MIT for GAMIT GPS processing software training, 
support and maintenance are also funded by EAR.

Funding for OPP activities has previously been provided 
via supplements to the core Facility and Community 
Cooperative Agreement. But as the amount of OPP 
work has grown over the last several years, OPP support 
is now explicitly included in this proposal. OPP fund-
ing is currently 17% of the Facility budget. The primary 
component is direct field support to PI projects, includ-
ing a growing number of permanent stations as well as 
campaign support. Funds are budgeted for the purchase 
of 12 new GPS systems/year for the OPP receiver pool.

The primary task for NASA, which funds 25% of the 
Facility budget, is for operations and maintenance of the 
NASA Global GNSS Network (GGN) and support to 
the IGS. This work is conducted with JPL and coordi-
nated with the NASA program sponsor via an annual 
statement of work.

functional overview

UNAVCO budgets, monitors, and tracks costs by func-
tion. This breakdown helps UNAVCO management 
assess total costs of given areas/functions and also helps 
drive UNAVCO’s ability to continually improve its 
organizational and operational efficiency. An overview 
of the functional breakdown in funding for each Facil-
ity program and for other costs is given in Figure 33 for 
2008. Approximately 44.5% of the total overall budget 
is for engineering services, 17% for data management 
and archiving, 12% for Facility overall support, 4% for 
subawards, and 2.5% for community activities managed 
by the E&O program. Facilities charges represent 10% 
of the total budget, G&A represents 9% of the total 
budget, and the management fee is 1%. Further detailed 
discussion is presented in the proposal Budget Justifica-
tion section.

year nSF ear naSa
nSF oPP

total
antarctic arctic

2008 $2,348,616 $1,000,000 $402,770 $290,736 $4,042,122 
2009 $2,419,586 $1,030,000 $403,842 $287,886 $4,141,314 
2010 $2,492,173 $1,060,900 $392,093 $308,058 $4,253,224 
2011 $2,571,354 $1,095,123 $407,746 $279,408 $4,353,631 
2012 $2,648,495 $1,127,976 $375,799 $286,218 $4,438,488 
5-Year Total     $21,228,779 

Figure 33. Functional breakdown of the proposed budget.
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FacIlIty management Plan

PerSonnel anD Project ManaGeMent

UNAVCO, Inc. is a relatively young organization that 
offers its funding agencies and supporting commu-
nity high value per dollar expended. For example, the 
UNAVCO Facility has no full-time managers other than 
the Facility Director. The few other facility professionals 
with the title of “manager” primarily work on direct task 
responsibilities and manage in addition to those direct 
responsibilities. Staff members can support multiple 
funding agencies and are cross-trained to support mul-
tiple tasks. UNAVCO also has the organizational tools 
it needs to manage time, budget and performance. We 
believe this type of matrix-based organization is flexible 
and responsive to stakeholder requirements and in addi-
tion provides an excellent value to the government.

The UNAVCO Facility is a program managed by UN-
AVCO, Inc. Headquarters. The Facility Director reports 
directly to the UNAVCO President and provides overall 
management of Facility projects. The two primary ser-
vices provided by the Facility are the Data and Engineer-

ing Groups, which report to the Facility Director (Figure 
34). The Facility Director also manages the overall 
support activities provided by the Facility Operations 
and Infrastructure Group (O&I) including general ad-
ministration, computer systems administration, and web 
support for the Facility. The Data Group has a staff of 
software and database programmers and engineers who 
provide data management and archiving to all Facility 
projects. The Engineering Group provides engineering 
and equipment services and project management. In 
order to provide focused support to primary sponsor 
activities, each of the three core projects (Polar, NASA, 
and EAR University PI projects), and the two Facility-
managed GeoEarthScope and PBO Nucleus/EarthScope 
Campaign Support projects, has its own Project Man-
ager. These Project Managers spend 15% of their time 
on project and related personnel management and 85% 
of their time performing technical project tasks. This 
structure has been proven to be flexible and effective at 
providing synergy between the projects while maintain-
ing responsiveness and accountability to sponsors and 
PIs. A critical part of this process is performance moni-
toring, which is described in the next section.

Figure 34. UNAVCO Facility Organization.
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unavco PerforMance ManaGeMent

UNAVCO has a wide range of experience in perfor-
mance management systems. UNAVCO uses a Work 
Breakdown Structure (WBS) system it developed for 
managing its overall project operations, budgets, and 
resources. The WBS Management System that UN-
AVCO employs follows management best practices to 
monitor the performance of its various activities. These 
applications of principles of project management include 
managing actual expenses to within those budgeted, 
monitoring performance metrics to ensure efficiency, 
per-project accountability, and quick corrective action 
of detected problems. The WBS provides a tool for 
UNAVCO management to forecast the impact on other 
tasks and its effects on sponsor/community require-
ments. The WBS also facilitates the ability to meet 
reporting requirements. UNAVCO’s WBS ties to the 
organizational structure of the Facility and budgeted and 
actual costs that are tracked using a commercial Project 
Management and Financial software system and its 
own custom project support database. In summary, the 
budget, human resource, and performance management 
tools developed and used by UNAVCO enable us to 
effectively manage our work.

Results From Prior NSF Support
NSF Cooperative Agreement EAR-031760, “Support 
of UNAVCO Community and Facility Activities”, 
7/1/2003–9/30/2007, $13,009,777. PI: Charles M. 
Meertens.

UNAVCO is a non-profit membership-governed orga-
nization that supports and promotes Earth science by 
advancing high-precision geodetic and strain techniques 
such as the Global Positioning System (GPS), InSAR, 
and borehole strain and tiltmeters. There are currently 
over 100 UNAVCO Members and Associated Members. 
Through this core NSF Cooperative Agreement, UN-
AVCO operates a Facility that provides engineering, an 
equipment pool, data, archiving, and information tech-
nology support to NSF (EAR and OPP) - and NASA-
funded peer-reviewed projects. The Facility supports 
peer-reviewed science projects of research investigators 
who individually, or in large collaborative projects (such 
as the PBO Nucleus or even larger, multi-disciplinary, 
multi-agency EarthScope MREFC) study Earthquake 
processes, mantle properties, active magmatic systems, 
plate boundary zone deformation, intraplate deforma-
tion and glacial isostatic adjustment, global geodesy and 
plate tectonics, global change, and polar processes. Addi-
tionally, UNAVCO supports UNAVCO community ac-
tivities including bi-annual national Science Workshops, 
short courses at the Facility, external advisory committee 
meetings, and support for education and outreach activi-
ties. Detailed reports of UNAVCO Facility activities 
and PI projects supported can be found at: http://www.
unavco.org/pubs_reports/reports/reports.html and in the 
science and facilities sections of this proposal.
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