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Section 2
Programmatic and Technical Tasks
Overview

the Plate Boundary Observatory (with support through 
a separate Cooperative Agreement). Th ese networks 
generate observations and products that not only have 
scientifi c value for global and regional studies, but also 
signifi cantly contribute to important reference frame 
and orbit products that are essential for obtaining highly 
precise and accurate geodetic results for investigator’s 
own data collections.

UNAVCO will continue to maintain its capability to ac-
quire, archive and distribute high-precision GPS data on 
behalf of the community. UNAVCO will work with its 
Standing Committees to improve and enhance services 
at all levels to meet the current and future needs of the 
research community. Biannual UNAVCO Community 
Science Workshops and the UNAVCO Short Course 
Series will encourage exchange of scientifi c and technical 
ideas. UNAVCO will continue to be a catalyst for new 
community initiatives that will expand its capabilities 
and knowledge into new areas such as Interferometric 
Synthetic Aperture Radar (InSAR) and Light Detection 
and Ranging (LiDAR).

Th e following sections summarize anticipated activi-
ties during the next fi ve years. Th ese activities include 
engineering and equipment services, data services, and 
education and outreach on behalf of NSF-EAR, NSF-
OPP, and NASA sponsors. Summaries of metrics related 
to these activities are included as a basis for projecting 
requirements. Detailed activity reports covering the 
previous cooperative agreement period are available on 
the UNAVCO web site.

Scientifi c research conducted by the UNAVCO inves-
tigators with support from the Facility is wide ranging, 
diverse, and is advancing our basic knowledge of fun-
damental dynamic processes aff ecting the solid Earth 
and cryosphere. Th eir work, highlighted in Section 
I (Supplementary Documentation) and Section III 
(Supplementary Material) of this proposal contributes 
to a better understanding of the causes and eff ects of 
natural hazards and global change to ultimately help the 
public fi nd ways to mitigate their potentially disastrous 
eff ects. Th is supplementary proposal section addresses 
the UNAVCO Facility’s detailed programmatic and 
technical tasks performed for NSF EAR, NSF OPP, and 
NASA and the budgetary requirements to accomplish 
this work.

UNAVCO provides Principal Investigators (PIs) ac-
cess to a large pool of state-of-the-art equipment and 
engineering expertise to plan and conduct campaign 
and permanent station experiments effi  ciently and cost 
eff ectively anywhere in the world. UNAVCO helps PIs 
achieve the highest precision results and operates a Data 
Center to ensure their data are shared with others and 
preserved for future investigations. We work with the 
community to provide training, software and services 
for processing and analysis of data as the community 
grows and requirements grow. UNAVCO is available to 
provide ‘on call’ technical support to help the PI in the 
fi eld. We are ready at a moment’s notice to respond with 
equipment or engineering support when earthquakes, 
magmatic events, or even hurricanes occur.

UNAVCO also directly operates GPS infrastructure in-
cluding the NASA Global GNSS Network (GGN) and 
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Engineering and Equipment 
Services
NSF EAR AND COMMUNITY 
SUPPORT TO PRINCIPAL 
INVESTIGATORS

SUMMARY AND PROJECTIONS

University PIs use some combination of campaigns, 
semi-permanent, and permanent GPS observation strat-
egies depending on the scientifi c application addressed 
and practical constraints. As a consequence of lower cost 
GPS receivers, due in large part to UNAVCO-negoti-
ated Member pricing, UNAVCO and its members have 
been able to acquire an unprecedented number of receiv-
ers. Larger receiver data storage capacity, lower power 
requirements and smaller physical size allow investigators 
to deploy instruments in larger numbers and for longer 
periods of time. Longer occupations also allow for better 
characterization of systematic errors, increased precision, 
and the ability to capture time-dependent signals.

Over the last few years, UNAVCO also acquired and 
specially outfi tted a pool of “semi-permanent”, self-con-
tained GPS systems that are easily deployed for months 
to a couple of years. Th ese types of surveys are common-
ly used to capture post-seismic deformation or to make 

longer-term measurements in remote areas where data 
communications are not possible, and data from these 
systems are typically manually downloaded in the fi eld. 
Permanent stations are typically used for long-term high 
precision measurements such as the Basin and Range 
where deformation rates are very slow. Continuous op-
erations are essential to capture certain phenomena such 
as time dependent episodic tremor and slip or volcano 
deformation.

Th e overall trend in UNAVCO-supported projects has 
been toward mixed mode surveys of campaign (static 
and real-time kinematic), semi-permanent, and per-
manent stations. Th e numbers of stations and receivers 
involved in projects has grown, as has the complexity 
of deployments and the need for expert UNAVCO 
technical support. Th e Facility will continue to upgrade 
and improve the equipment pool and to streamline and 
enhance permanent station operations and maintenance. 
UNAVCO will continue to provide fi eld engineering 
service and training to PIs and their students to ensure 
the highest quality measurements and data preservation 
in the UNAVCO Data Center archive.

UNAVCO has several primary metrics to analyze its 
resource requirements to measure performance. Th e fi rst 
metric is the number of projects requesting equipment 
loans, campaign support, or permanent station fi eld 
installation or maintenance support. Th e second is the 

Figure 1. PI projects supported by UNAVCO (left) and permanent stations (non-PBO) receiving UNAVCO O&M (right) since 2004 with projections for 
the next fi ve years. Based upon levels of project requests for the last 4 years we anticipate supporting approximately 45-50 EAR projects per year. A high level 
of support involving extensive equipment preparation and/or fi eld support will be provided for about 25 projects, with the balance receiving equipment loans, 
technical support and training. On a lower priority and at a low level of support, we also anticipate supporting 35 related UNAVCO member projects that are 
funded by a variety of sources. Th ese projects often seed larger NSF funded eff orts.
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number of permanent stations receiving operations and data management 
support, and the third is the size and usage of the equipment pool. Based on 
extrapolations of past metrics shown in Figure 1, we expect the number of 
projects per year to be fairly constant over the next fi ve years. Th e number of 
permanent stations managed with the PIs can be expected to grow at about 
45 stations per year (Figure 2).

Figure 2. Over 400 NSF-EAR and community PI permanent stations currently receive UNAVCO opera-
tions and maintenance support.
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Overall Project Support Services
Project support begins when an investigator submits a support request through an online form. Th is process initiates 
a series of actions by UNAVCO to evaluate the request, assign initial responsibilities and follow up with the investi-
gator. Standardized information is gathered as a basis for defi ning support requirements and assigning resources and 
staff . Once requirements are set and the support request is accepted, projects typically undergo a life cycle as shown 
in Figure 3. Th e same project information system is used to collect performance and user feedback information, 
which is used to evaluate and improve UNAVCO services. UNAVCO support is tailored to PI needs as follows:

Technical planning and budget development for proposals. UNAVCO staff  members provide technical consultation, 
planning and budgeting help to PIs develop proposals for work involving high-precision GPS. PIs are encouraged 
to contact UNAVCO as early in the proposal development process as possible. Th e principal objective of this early 
UNAVCO involvement is to help PIs develop eff ective, cost eff ective plans for achieving objectives.

Pre-deployment planning, preparation and training. Upon funding notifi cation by a relevant EAR program, PIs are 
again encouraged to contact UNAVCO as soon as possible to develop a project schedule, and to reserve equip-
ment and staff  time. A staff  member is normally assigned as the primary point of contact to assist the PI in devel-
oping a detailed project implementation plan that assures current technical, logistics, fi nancial, safety and other 
best practices are considered and met. Purchasing, integration, testing and assembly of equipment for shipping are 
coordinated. Technical, procedural and equipment training may be provided as needed.

GPS data collection and/or network operation and maintenance. UNAVCO staff  are available to support the de-
ployment phase of projects either by accompanying and supporting the PI in the fi eld or by providing techni-
cal support and consultation remotely. For investigations involving permanent or semi-permanent occupation 
modes, UNAVCO helps to develop plans to monitor network data fl ow. UNAVCO often assumes a fi rst-response 
troubleshooting role and works in conjunction with the PI to support any required infi eld maintenance in the 
most effi  cient manner, depending on where the project may be located and whether personnel are available locally.

Data preprocessing and distribution. Data from campaign, semi-permanent or permanent occupations are reformat-
ted, verifi ed and distributed to users. UNAVCO typically handles these tasks, though the PI sometimes handles 
reformatting and some verifi cation tasks. Th e task of verifying all data and metadata is essential to achieving 
desired geodetic results.

Data processing and scientifi c analysis. UNAVCO helps facilitate PI collaborations and training in data processing 
including off ering classes and providing software. PIs are always responsible for the processing, analysis and inter-
pretation their own data. In a pilot project, however, processing services developed for PBO will be off ered on a 
cost reimbursable basis to PIs to help generate fi rst level GPS products that can be used for subsequent analysis.

Archiving of data and science products. NSF requires that all GPS data collected under NSF-EAR funded programs 
be submitted to the UNAVCO Data Center for long-term storage and availability. UNAVCO maintains the 
capability to handle continuous data fl ow from permanent stations as well as campaign project data that require 
signifi cant manual handling and verifi cation. Access to various data sets is supported by online or near line sys-
tems. Velocity and strain result archives are also supported.

»

»

»

»

»

»

Figure 3. Th e principal phases of the project support life cycle. UNAVCO support is tailored to meet PI needs during each project phase.
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Figure 4. With UNAVCO equipment and fi eld engineering support, eleven 
sites in the Stanford-HVO Kilauea GPS network were upgraded with Trimble 
NetRS receivers Zephyr Geodetic and IP radio modems. Maurice Sako and 
Kevan Kamibayashi (both HVO) work on cabling while Summer Miller 
(HVO volunteer) and Dan Sinnett (Stanford) look on.

Figure 5. Training of researchers and students is an important UNAVCO 
activity. Students at New Mexico Tech are learning to operate and collect data 
from a real-time kinematic GPS system for an upcoming campaign.

Figure 6. A collaborative research eff ort between Dr. Tim Dixon of University 
of Miami/RSMAS, Dr. Susan Schwartz of UC Santa Cruz (left photo), and 
Marino Protti of Universidad Nacional, OVSICORI in Costa Rica resulted in 
deployment of a prototype network of four permanent GPS stations on the 
Nicoya Peninsula of Costa Rica to study subduction zone dynamics.

ENGINEERING SERVICES

We propose to provide core services centered around 
acquiring, distributing, archiving and applying high-
precision geodetic data. Th ese core services include 
(Figure 3): Project management, fi eld engineering and 
technical support services to plan and execute surveys 
and permanent station installations; network engineer-
ing services for permanent network operations, network 
maintenance, data fl ow monitoring and troubleshoot-
ing; equipment testing services to evaluate and improve 
performance; systems integration and software develop-
ment services for developing advanced systems; technical 
support, consultation and training for researchers in 
applying geodetic technologies; and logistics services for 
worldwide deployments, including property tracking 
and management, import/export and shipping; and data 
management and archiving services.

Due to the large number of GPS receivers that reside 
within the community, UNAVCO now provides broader 
technical support in supporting larger numbers of users 
with more equipment and more diverse needs. Many 
campaign mode deployments are handled independently 
by investigators using both their own and UNAVCO’s 
equipment, with training and technical support pro-
vided by UNAVCO (Figures 4 and 5). A signifi cant 
shift toward integrating semi-permanent or permanent 
operating modes within the PI projects has increased 
the need for centralized network engineering, installa-
tion, operation and maintenance services. Sustaining 
engineering functions to improve power and telemetry 
systems will continue to grow in importance as we meet 
requirements for networked GPS stations deployed to 
ever more remote locations.

Figure 1 illustrates the signifi cant increases in the num-
ber of fi xed stations installed and operated during each 
of the past four years. Approximately 401 permanent 
stations (see Table 1) are being operated and maintained 
with UNAVCO support for projects originally funded 
by the EAR programs (excluding PBO, Polar and NASA 
stations). Support services include purchasing and as-
sembling required equipment, installation support, and 
operation and maintenance of stations. Based on past 
performance, we anticipate that the number of stations 
on the community operations and maintenance list will 
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grow by approximately 45 stations per year with intro-
duction of new stations (Figure 6) off set in part by the 
attrition of older unsupported stations.

Under the existing cooperative agreement, UNAVCO 
provides resources on short notice for special opportuni-
ties in response to signifi cant geophysical events, such 
as earthquakes, volcanic activity, landslides, aseismic 
transients, unusual glacial activity, or unusual subsidence 
or uplift. UNAVCO participated in recent deployments 
to Cascadia, San Simeon, the Andaman Islands, East 
Africa and Hawaii (Figure 7). We propose to continue 
this capability under this proposal, following guidelines 

established for directing community resources in these 
events. Th e rapid-response plan includes assignment of 
responsibilities for coordinating activities, defi nition of 
decision authority, and prioritization of resources and 
constraints. Th e current community-developed plan can 
be viewed in its entirety on the UNAVCO web site.

In response to the growing number of users seeking 
technical advice in implementing GPS within projects, 
UNAVCO plans to strengthen information on web by 
providing the community’s best practices, processes, and 
procedures to investigators envisioning and planning 
projects. UNAVCO will promote community input and 
peer-level connections to share knowledge and resources. 
Th ese activities form a thread of technical interaction 
and sharing of information to advance overall commu-
nity knowledge and capability.

Figure 7. Continuous GPS station DA03 in the AFAR region of Ethio-
pia. Th is area has experienced increased seismicity and an explosive fi ssural 
volcanic eruption between September 14 and ~October 8, 2006. Early InSAR 
results show that these events have been accompanied by the intrusion of a 
~60 km long dike with up to 8 m of opening. Scientists from Purdue Uni-
versity and Lamont-Doherty Observatory in the U.S., Oxford University and 
Royal Holloway University in the U.K., and the University of Addis Ababa in 
Ethiopia have installed 10 continuous GPS stations to better understand this 
major diking event, the largest to have occurred on land in the era of satellite 
geodesy. Technical support was essential and provided by UNAVCO (photo 
and caption courtesy of E. Calais).
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Network PI # Stations Level of Eff ort
New stations in 2007 (projected) Various 50 high
Akutan Volcano GPS Network Tom Murray, USGS 4 low
Andaman Islands GPS Network Bilham, CU 2 medium
Bangladesh Michael Steckler, LDEO 11 high
BARGEN Expansion GPS Network Brian Wernicke, CalTech 3 high
Bhutan GPS Network Roger Billham, CU 2 high
Calabria GPS Network Michael Steckler, LDEO 9 high
Central Asia GPS Network Tom Herring, MIT 6 low
Costa Rica GPS Network Tim Dixon, U. Miami 9 high
Cotopaxi L1 GPS Network Pete LaFemina, Penn State 2 high
Denali Fault GPS Network Jeff  Freymueller, UAF 11 medium
DIVE GPS Network Megan Miller, CWU 1 medium
DIVE L1 GPS Network Megan Miller, CWU 2 medium
El Salvador Chuck DeMets, UW-Madison 3 medium
Galapagos GPS Network Dennis Geist, U. Idaho 4 high
Galapagos L1 GPS Network Dennis Geist, U. Idaho 4 high
Greenland GPS Network Kristine Larson, CU 3 medium
Guerrero Coast GPS Network Kristine Larson, CU 4 high
GULFNET GPS Network Roy Dokka, LSU 25 low
Hawaii GPS Network Asta Miklius,   HVO 28 medium
Hayward Fault L1 GPS Network Mark Murray, UCSB 4 low
IAGT GPS Network Matt Starr, IAGT 1 medium
Idaho National Laboratory GPS Network Suzette Payne 5 medium
Jalisco Chuck DeMets, UW-Madison 10 medium
Las Vegas GPS Network Geoff  Blewitt, UNR 2 low
Mauna Loa GPS Network Ben Brooks, U. Hawaii 11 high
Mediterranean GPS Network Rob Reilinger, MIT 7 high
Mid-America GPS Network Bob Smalley, U. Memphis 11 medium
Mt. Spurr GPS Network Jeff  Freymueller, UAF 3 low
Mt. Washington GPS Network Steve Nerem, CU 1 medium
Northern Basin and Range GPS Network Brian Wernicke, CalTech 2 high
Northwest Mexico GPS Network Rick Bennett, U. Arizona 2 high
Oaxaca Chuck DeMets, UW-Madison 8 medium
Okmok Volcano GPS Network Jeff  Freymueller, UAF 4 low
SAGE New Zealand GPS Network Peter Molnar, CU 13 low
Santorini GPS Network Andrew Newman, Georgia Tech 2 high
Slide Mountain, NV Brian Wernicke, CalTech 1 high
Socorro GPS Network Andrew Newman, Georgia Tech 3 high
Southeast Alaska GPS Network Jeff  Freymueller, UAF 4 medium
Southern Basin and Range GPS Network Brian Wernicke, CalTech 27 high
SuomiNet-A GPS Network Various 33 low
SuomiNet-C GPS Network Various 3 low
SuomiNet-G GPS Network Various 33 low
UNAM GPS Network Kristine Larson, CU 1 low
UNAVCO GPS Network various 2 low
Wasatch GPS Network Bob Smith, U. Utah 6 medium
Yellowstone Caldera GPS Network Bob Smith, U. Utah 1 medium
Yellowstone Hotspot GPS Network Bob Smith, U. Utah 1 medium
Yucca Mountain GPS Network Brian Wernicke, CalTech 17 high
Total 401

Table 1. Permanent stations on the EAR and community O&M list
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EQUIPMENT SERVICES

A high priority for UNAVCO is to continue to provide 
the best available GPS equipment and a high level of 
support to researchers. As a result of very favorable 
pricing negotiated by UNAVCO, many receivers have 
been purchased by the community, Facility, and related 
projects over the last three years. Th e UNAVCO equip-
ment-support role has broadened as a result to include 
support for these additional receivers, including provid-
ing repairs and technical support to users.

UNAVCO manages a community equipment pool of 
405 high precision GPS receivers and ancillary equip-
ment (Table 2). UNAVCO outfi ts, maintains, repairs, 
and supports these systems for PI projects (Figure 8). 
Th e pool consists of a variety of receiver models confi g-
ured for use in campaigns and permanent stations. Most 
of these are newest generation models that were pur-
chased within the last three to four years. Older genera-
tion models are being phased out as funding becomes 
available to replace them. Many of the permanent or 

semi-permanent station systems were purchased by NSF 
for use in specifi c investigations. Th ough these systems 
are assigned for long-term use, they are tracked by 
UNAVCO as pool equipment, as they are government 
equipment owned by NSF and may be recalled for other 
community uses in the future.

Several NSF programs have contributed to purchasing 
the receiver pool, including EAR/IF, NSF-OPP, and 
EarthScope. Economies of scale are realized by manag-
ing this equipment in a shared fashion. Although each 
sub-pool is managed for fi rst priority access by specifi c 
investigations, equipment is shared whenever practical 
and the pools are maintained together to help reduce 
overall equipment maintenance and handling costs.

As a new activity, the portable pool of 100 Topcon 
GB-1000 campaign receivers purchased specifi cally for 
the EarthScope science investigations will be maintained 
and supported under this proposal. Previously, limited 
support was provided by UNAVCO in helping to 
purchase, test and use this equipment on a small number 

GPS Receiver Model EAR OPP Earth-
Scope (ES)

Total Assigned 
Long-Term

Available Total 
(EAR-OPP-ES)

Trimble NetRS Perm Station 
Systems

35 31 - 66 48 18
(0-18-0) 

Trimble NetRS Campaign 
Systems

51 - - 51 42 9
(9-0-0)

Trimble 5700/R7 Campaign 
Systems

41 72 - 113 40 73
(12-61-0)

Topcon GB1000 Campaign 
Systems*

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

Ashtech MicroZ Campaign 
Systems **

13 - - 13 4 9
(9-0-0)

Trimble 4000/4700 Series 
Campaign Systems**

57 5 - 62 35 27
(23-4-0)

Total 197 108 100 405 194 211
(53-83-75)

Newest Generation 127 103 100 330 155 175
(21-79-75)

* For projects in the EarthScope footprint only
**Older generation receivers being phased out of use. We expect to replace these over next 5 years.

Table 2. Th e Facility equipment pool consists of over 400 high precision GPS receivers and ancillary equipment for campaign and permanent station use. Th e 
pool is managed and maintained by UNAVCO for use by investigators (the numbers shown are current as of Feb. 2007).
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of projects. We are anticipating that demand for this 
equipment will grow as more EarthScope science pro-
posals are successfully funded. Because staff  is in place to 
manage this equipment, limited incremental resources 
are anticipated for this activity.

Pool equipment is always highly subscribed. A histori-
cal plot of equipment pool size and usage (Figure 9) 
illustrates signifi cant growth in the demand during the 
existing cooperative agreement. We anticipate demand 
for pool equipment to continue to grow, driven largely 
by permanent or semi-permanent occupation strategies 
requiring the continuous use of equipment.

Figure 8. UNAVCO has designed portable 
systems that are self contained, easy to ship, 
and deploy for standard campaigns or semi-
permanent installations.

Figure 9. NSF-EAR Facility Pool receiver 
usage shows that demand for community 
equipment has grown signifi cantly over the 
last three years.

UNAVCO will work closely with sponsors to best 
accommodate community equipment needs over the 
next fi ve years. We propose to replenish the community 
pool at a rate of 24 units per year under this proposal 
(12 NSF-EAR; 12 NSF-OPP). We also anticipate that 
additional receivers will be acquired through separate 
equipment proposals and project supplements. Of 
special importance is continuation of the highly success-
ful UNAVCO member purchase program (Figure 10). 
Th e current purchase contracts that included pricing 
based on large volume purchases for the PBO project 
will expire during the period of the new cooperative 
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agreement. UNAVCO will undertake negotiations for 
the community to assure that needed equipment and 
support continues to be available at reasonable cost. 
Based on quantities purchased over the past several years, 
we anticipate that approximately 250 receivers per year 
will be acquired within the community, among equip-
ment purchased by UNAVCO for the Facility pool, for 
specifi c NSF-funded PI projects, and by members for 
their own use.

In addition to the 405 receivers in the community pool, 
UNAVCO is responsible for supporting and repair-
ing over 1800 additional GPS receivers that are used 
for NSF and UNAVCO member-projects (Table 3). 
Approximately 719 of these have been purchased by 
members through the UNAVCO purchase program. 
Th ese include permanent installations in networks 
as well as systems housed at universities for periodic 
research use or education. UNAVCO will continue to 

provide fi rst level technical support and repairs for these 
systems. UNAVCO is also responsible for any necessary 
repairs to the 875 PBO and 210 Nucleus receivers under 
this proposal (all other O&M is supported by the PBO 
project under a separate Cooperative Agreement). Most 
of the receivers bought during the last three to four years 
were new generation models that required unantici-
pated levels of testing, handling, and coordination with 
vendors. Almost all of the approximately 1000 receiv-
ers purchased by the community and related projects 
between 2003-2005 have had to be repaired or upgraded 
at least once, and signifi cant testing was required to 
evaluate and mitigate environmental and antenna issues 
that were discovered with early use. With most of this 
work now behind us, we anticipate that support will 
stabilize, with approximately 100 receivers, or 5% of 
receivers supported by UNAVCO, needing servicing or 
repairs in any year.

DEVELOPMENT AND TESTING

In the 2004-2007 timeframe, equipment testing and 
development activities were conducted for specifi c 
projects, with activities highly integrated with project 
support (Figure 11). UNAVCO plans to increase empha-
sis on these activities, focusing on a dedicated approach 
to providing a community level resource for helping 
push system advancements forward. Th is approach will 
promote improved measurement accuracy and effi  ciency 
of operations. A dedicated engineering staff  member will 
provide the needed focus to address technology topics 
such as receiver/antenna testing, data communications 
equipment integration and testing (Figure 12), evalua-
tion of monument stability and near fi eld electromagnet-
ic eff ects, integrating modernized observables, and other 
issues that are important to the community as a whole.

Owner or assigned to Number of Receivers Support Provided Under this Proposal
Community Pool 405 Full management, support and repairs
PBO Project 875 Repairs only
Nucleus Project 210 Repairs only
Members 719 Technical support and repairs
Total 2208

Figure 10. Receiver purchases made under the UNAVCO purchase program. 
Th is number has broadened the need for increased support for technical 
assistance and repairs. Quantities shown on fi gure do not include receivers 
purchased for the PBO permanent network or Nucleus.

Table 3. GPS receivers supported and repaired by UNAVCO.
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Figure 11. UNAVCO prepares portable systems for shipping around the globe in its equipment warehouse. Shipping manifests and customs documents are 
prepared and equipment tracked from an equipment database. UNAVCO repairs and calibrates instruments in the Facility and community-owned pools.

Figure 12. UNAVCO maintains a laboratory facility for communications system development and testing. A range of systems, including Internet, radio, 
cellular IP, VSAT and Iridium, is used at permanent stations.

SUPPORT FOR THE NSF OFFICE OF 
POLAR PROGRAMS

SUMMARY AND PROJECTIONS

UNAVCO operates one of the world’s premier polar 
GPS support facilities on behalf of NSF, NASA and their 
investigators, and has made a substantial contribution 
to many of the major advances in polar research over 
the past 15 years. UNAVCO meets the unique needs 
of cryospheric research by providing a focused com-
munity resource off ering specialized technical expertise 
and support capabilities required for polar region GPS 
technology applications. Th e range of services provided 
to the NSF Offi  ce of Polar Programs (OPP) includes 
equipment, training, project planning, fi eld support, 
proposal assistance, technical consultation, data process-

ing, and data archiving for PI projects. Community 
base station systems are also maintained at many remote 
research facilities, and permanent station network sup-
port services are provided from initial engineering and 
installations through operations, maintenance, and data 
archival and distribution. Sustaining engineering activi-
ties are ongoing to meet the technical challenges such as 
providing robust telemetry and power systems at remote 
high-latitude locations. Glaciology and crustal deforma-
tion research are the major applications, but the precise 
surveying capability provided is regularly used by other 
disciplines including geology and biology. UNAVCO 
draws upon synergism with its broad programmatic sup-
port to make it possible for all NSF-OPP investigators 
to apply sophisticated GPS surveying techniques to their 
projects.
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By far the largest advances in UNAVCO OPP support 
are ongoing eff orts to develop power and communica-
tions systems that will greatly reduce logistics eff orts to 
maintain permanent station sites in polar regions. Th e 
joint IRIS/UNAVCO MRI project titled Collaborative 
Research: Development of a Power and Communication 
System for Remote Autonomous GPS and Seismic Stations 
in Antarctica is in progress and will result in standard, 
off -the-shelf systems for year-round autonomous GPS 
system operation at the highest polar latitudes. Th is 
project was the outcome of several community work-
shops and the GPS and seismic science community is 
actively engaged in the eff ort. Th ese and other technolo-
gies being developed will facilitate operations in polar 
regions so additional growth can be expected in this area. 
A second MRI proposal, Acquisition of a Terrestrial Laser 
Scanning (TLS) System for Polar Research, is in review. 
Th is proposal seeks funding to acquire a TLS system and 
apply it to pilot projects in Antarctica during the 2007-
08 fi eld season. Th e ability of TLS systems to provide 

high precision and high resolution 3-D mapping makes 
it a natural extension to the capabilities of GPS survey 
systems. Th e intent is to evaluate the requirements of 
supporting TLS technology in the Antarctic and develop 
a pool support capability to make TLS instrumentation 
and technical support available to the greater polar sci-
ence community. Th is work parallels the INTERFACE 
TLS proposal for NSF-EAR.

Overall OPP project support has reached a relatively 
constant level in terms of number of projects, following 
a rapid growth in supported Arctic research (Figure 13). 
As with NSF-EAR projects, these projects use larger 
number of instruments and operate for longer periods 
of time. Th e single largest change expected is in perma-
nent installations for Greenland POLENET (funded) 
and Antarctic POLENET (under review) (Figure 14). 
As discussed later, there is also a large component of 
development and testing involved in maintaining the 
capabilities required to successfully support polar work.

Figure 13. Over the period of the last UNAVCO Cooperative Agreement, the number of Arctic projects has grown to about 20 per year, and Antarctic projects 
have held steady at about 25 per year. Th e overall scope of work continues to grow – in particular, campaign projects are larger and the work has evolved to 
include more permanent station support and related development. Th e number of permanent stations will grow dramatically over the next fi ve years as projects 
associated with the International Polar Year are undertaken.
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Figure 14. An overview of permanent stations in polar regions shows a 
paucity of existing stations (solid red circles) in the Antarctic interior and 
the Greenland perimeter. POLENET is an international project that aims to 
populate these areas with new continuous GPS (CGPS) stations. NSF has 
funded 37 stations for Greenland (open red circles). A NSF-OPP proposal 
has been submitted that proposes to install 37 new CGPS stations as the U.S. 
contribution to the planned international Antarctic POLENET array shown 
above.

ANTARCTIC PROGRAM SUPPORT

Each year approximately 25 Antarctic PI projects are 
supported, with UNAVCO providing an important role 

in the fi eld season preparation process beginning with 
the U.S. Antarctic Program Support Information Packet 
(SIP) process, and culminating with individual science 
groups receiving technical support and equipment 
tailored to their project needs upon arrival in Antarc-
tica. Making this process happen requires considerable 
planning and procurement activities during the northern 
summer months, as well as coordination with the prime 
Antarctic logistics contractor (Raytheon Polar Services 
Company) and with the cognizant NSF program man-
agers. During the Antarctic fi eld season, a UNAVCO 
offi  ce, eff ectively a high-precision GPS workcenter, is 
staff ed at McMurdo Station with the responsibility of 
providing technical support and managing the large 
equipment pool. Each year UNAVCO also supports 
special projects that fall outside of the regular support 
channels, such as those staged from research ships or 
with other national programs.

ARCTIC PROGRAM SUPPORT

Support to Arctic research projects has grown steadily 
during the fi rst fi ve years of UNAVCO’s general support 
to the NSF Arctic Sciences program, with 20 projects 
supported in 2006 (Figure 13). Arctic research is less 
centralized than research in the Antarctic, and sup-
port is often a one-off  event in response to individual 
investigator requests. Equipment is delivered to the fi eld 
project staging area, and technical support is tailored to 
individual project needs. Often the logistics are coordi-
nated with the prime Arctic logistics contractor (Veco 
Polar Resources), and established supply lines such as the 
Air National Guard fl ights to Greenland are used when 
possible.

OPP EQUIPMENT SERVICES

One hundred and eight of the receivers in the com-
munity pool were purchased by OPP programs and are 
dedicated to fi rst priority access by polar investigators. 
Th ese state-of-the art receivers (mostly Trimble 5700, 
R7, and NetRS) and associated ancillary equipment 
enables large scale network-style deployments, smaller 
project surveying support, “forward deployed” systems at 
polar research facilities, and permanent station infra-
structure at key locations. Th e equipment is selected 
with the extreme environment in mind and withstands 
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the wet Arctic as well as the extremely cold Antarctic. An 
emphasis is placed on large memory capacity to mini-
mize logistical costs associated with site visits to retrieve 
data, and low power consumption to reduce the number 
of batteries required.

UNAVCO provides the necessary logistics manage-
ment to keep the large pool of receivers in year-round 
use between opposite northern and austral summer 
fi eld seasons. Th e “fi nger on the pulse of the programs” 
combined with expert technical expertise has resulted 
in an excellent track record of contributions to cutting 
edge research. As with all UNAVCO projects, an eff ort 
is made to capture project logistical requirements at the 
proposal stage, and the community is regularly reminded 
to contact UNAVCO prior to proposal submission to 
receive a letter of support. Within the Antarctic program 
UNAVCO reviews the GPS requirements of proposals, 
and notifi es NSF program managers of how to resolve 
any issues that would arise if the project were approved. 
With both Arctic and Antarctic programs to support, 
fi eld support as well as planning and reporting are year-
round activities requiring a specialized and dedicated 
workforce within UNAVCO.

OPP DEVELOPMENT AND TESTING

Custom engineering solutions are provided to meet 
unique project needs related to data collection strate-
gies, power systems, remote communication solutions, 
and monumentation options. Often such eff orts have 
application beyond the initiating project and are folded 
into the suite of available pool resources. Th ese eff orts 
are carried out with participation from the science 
community stakeholders and result in both technically 
sound and practical solutions. For the most complex 
projects the community is engaged upfront through 
workshops, with the intent of proceeding with separate 
proposals for focused eff orts. A recent example is power 
system and enclosure design developed for a project 
on the Greenland Ice Sheet (Figure 15). Th is project 
has resulted in a standard design with all components 
stocked at UNAVCO and slated for deployment on 
several proposed International Polar Year (IPY) projects. 
For remote communications, UNAVCO has integrated 
Iridium satellite data modems with the Trimble NetRS 

GPS receiver, and as a result truly global real-time GPS 
data retrieval is now a provided service. As noted earlier, 
the joint IRIS/UNAVCO MRI project Collaborative 
Research: Development of a Power and Communication 
System for Remote Autonomous GPS and Seismic Sta-
tions in Antarctica will greatly enhance remote system 
capabilities by allowing systems to operate for extended 
periods with remote communications and will greatly 
reduce logistics demands and costs. A second OPP-MRI 
proposal “Acquisition of a Terrestrial Laser Scanning 
(TLS) System for Polar Research” was submitted this 
year with the intent to use this system in a pilot project 
in Antarctica. Th e development and implementation of 
TLS for polar regions will be closely coordinated with 
the proposed NSF/EAR TLS INTERFACE project.

Figure 15. (a) Th e UNAVCO designed “glacier box” is set up on the Green-
land Ice Sheet to capture motion and seismicity associated with the draining 
of supraglacial lakes. (b) Th e design accommodates PASSCAL seismic instru-
ments as well as the GPS receiver and power system. (c) A recently deployed 
MRI project prototype remote GPS system on Minna Bluff  uses a hybrid solar 
and wind power system and an Iridium data modem for remote data retrieval.
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Knowledge-transfer is crucial for UNAVCO to operate 
as a successful community facility. UNAVCO provides 
fl exible options for the fi eld team training needed by 
groups not intimately familiar with GPS surveying, 
equipment use, data handling, and data processing. 
Training is typically provided in a one-on-one environ-
ment to ensure the most eff ective and relevant skills 
transfer. Pre-season training sessions can be held both 
at the UNAVCO facility and at the investigator’s home 
institution. Refresher training sessions are often provided 
at McMurdo Station, and often fi eld engineers join the 
research teams to either provide in-fi eld applied training 
or lead the project’s GPS activities. Web documenta-
tion complements the services provided, and email and 
telephone support is always available. UNAVCO is also 
well positioned to host community short courses, and 

we envision annual courses or workshops that meet 
unique polar needs (such as advanced data processing, 
ground based LiDAR applications, remote power and 
communications technologies, etc).

UNAVCO has set up and maintains community GPS 
base stations at the remote research facilities listed in 
Table 4, and several of these systems include real-time 
kinematic (RTK) broadcasts, roving receivers, and 
ancillary equipment. Local support staff  handle primary 
fi eld support including on-site training and equipment 
issues, while UNAVCO provides the recurring support 
services included in Table 4. Th e equipment is intended 
to be part of the research station infrastructure and is 
shared among multiple projects throughout the year 
(Figure 16). Online access to the data allows value-added 
analysis from global processing centers.

Figure 16. (a) A University of Texas El Paso researcher uses the Barrow RTK system for precise stake-out and surveying of ecological study plots. (b) Position 
time series of Summit Camp, Greenland GPS base provide by the PBO data analysis center. (c) Summit Camp GPS met data provided by the UCAR SuomiNet 
data analysis center.
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Location Base ID UNAVCO Recurring Services:
Atqasuk, Alaska* ATQK -Coordination with local station operators 

-Year-round technical support
-Web documentation
-Remote or on-site training to science users and local 
support staff 
-Inventory control
-System upgrades
-Base data archival
-Position and UCAR GPS-met time-series (SUMM)
-IGS contribution (PAL2 – in progress)

Barrow, Alaska BASC
Toolik Field Station, Alaska TOOL
Summit Camp, Greenland SUMM
McMurdo Station, Antarctica MCMD
Palmer Station, Antarctica PAL2
South Pole Station, Antarctica* AMU2
WAIS Divide Camp, Antarctica* WAIS

*RTK not available
Table 4. Polar community base station systems maintained by UNAVCO.

UNAVCO off ers a centralized source for permanent 
station equipment and the associated technical expertise 
for successful deployment and robust data collection in 
the extreme polar environment. Attention is given to 
long-term operation and maintenance issues and ensur-
ing that system confi gurations and data management 
meet global standards. Th e UNAVCO community Data 
Center is the premier network monitoring, archival, and 
distribution service for global GPS data. All datafl ow 
managed by UNAVCO, including every permanent 
GPS station operated within the U.S. Antarctic Pro-
gram, is held in the community Data Center (Table 5). 
Data from these stations are readily available on-line.

Network engineering services are necessary to bridge 
the gap between the GPS sites and the Data Center. 
For polar applications this distance leads to additional 
challenges due to the remote locations and extreme 
environmental conditions. UNAVCO, in partnership 
with the PI projects actively pursuing remote GPS data, 
has a good track record of applying radio links and 
Iridium satellite data modems to provide a truly global 
communications capability as noted in Table 5. Th is 
facility-community partnership is formalized with the 
recently formed Polar Networks Science Committee that 
reports to the UNAVCO Board of Directors to provide 
input on polar network operations.
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ID Station location Communication 
method

Earliest 
data

Cognizant program

AB33 Coldfoot, Alaska VSAT 2006 NSF-EarthScope/PBO
AMU2 South Pole, Antarctica Direct internet* 2005 NSF-OPP
ATQK Atqasuk, Alaska Direct internet* 2006 NSF-OPP
BOMZ Mt. Erebus, Antarctica Radio link w/repeater 2003 NSF-OPP
CONZ Mt. Erebus, Antarctica Radio link 1999 NSF-OPP
E1G2 Mt. Erebus, Antarctica Radio link 2003 NSF-OPP
FLM5 Mt. Fleming, Antarctica Radio link w/repeater 2005 NSF-OPP
FTP4 Fishtail Point, Antarctica Iridium 2006 NSF-OPP
HOOZ Mt. Erebus, Antarctica Radio link 1999 NSF-OPP
KAGA Kangia (Jakobshavn) Fjord, 

Greenland
Iridium (upgrade 
summer 2007)

2006 NSF-OPP

KELY Kellyville, Greenland Direct internet 1995 NASA-GGN
LEHG Mt. Erebus, Antarctica Radio link w/repeater 2003 NSF-OPP
MACG Mt. Erebus, Antarctica Radio link 2002 NSF-OPP
MCM4 McMurdo Station, Antarctica Direct internet* 1994 NASA-GGN, NSF-OPP
MCMD McMurdo Station, Antarctica Direct internet* 2005 NSF-OPP
MIN0 Minna Bluff , Antarctica Iridium 2007 NSF-OPP
NAUS Mt. Erebus, Antarctica Radio link w/repeater 2000 NSF-OPP
PAL2 Palmer Station, Antarctica Direct internet* 2006 NSF-OPP
RAYG Mt. Erebus, Antarctica Radio link w/repeater 2004 NSF-OPP
ROB4 Cape Roberts, Antarctica Radio link w/repeater 2005 NSF-OPP, LINZ
SG27 Barrow, Alaska Direct internet 2002 NSF-EarthScope/PBO
SUMM Summit Camp, Greenland Direct internet* NSF-OPP
WAIS WAIS Divide Camp, Antarctica Radio link to camp, 

manual retrieval
2005 NSF-OPP

* uses 3rd party satel-
lite link

Table 5. Polar permanent station data managed by UNAVCO.

UNAVCO’s polar support involves the greater commu-
nity. As such, eff orts are made on many fronts to reach 
out to an audience broader than the immediate PIs who 
benefi t from project support, and to maintain formal 
partnerships as well as informal collaborations. Some 
of these eff orts include polar sessions at UNAVCO 
community meetings, polar-focused resources on the 
UNAVCO Facility web page, and polar workshops and 
committee meetings hosted at UNAVCO.

Th e current resources applied directly to polar research 
include a staff  with over 40 years collective polar science 
support experience and advanced degrees in engineering, 
geology and geophysics; well established relationships 
with the NSF sponsors and prime polar logistics con-
tractors; 108 geodetic GPS receivers in the community 
pool; a community Data Center to handle all polar data 
under the auspices of UNAVCO (currently includes 30 
permanent polar GPS stations and campaign data from 
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1994 to present); warehousing capabilities at UNAVCO 
and McMurdo Station for large scale network support; a 
track record of engaging the community regarding new 
activities; and the ability to leverage multiple programs 
including the support to NSF-EAR, NASA-GGN, and 
EarthScope/PBO.

We propose to continue present activities at a level com-
mensurate with projections of demand, and address new 
activities with separate funding requests:

Th e receiver pool will be maintained at the current level, 
with new systems phased in as next-generation technol-
ogy is available. Expansion of the receiver pool would 
be addressed separately and justifi ed based on specifi c 
project needs.

A one-stop-shopping service will be provided for power 
and communications solutions for remote geophysical 
instrumentation with power and data needs similar to 
GPS systems. Th is capability is a deliverable from the 
IRIS/UNAVCO MRI, and we will maintain a ware-
house inventory of standard components to facilitate 
rapid response to projects needs.

Staff  time for engineering development, technical sup-
port, and training will include proposed development 
and testing that will advance the adaptation of new GPS 
technologies to improve measurement accuracy. We also 
expect to increase outsourcing of custom fabrication, 
improve the R7 campaign systems for longer deploy-
ments, update training materials and documentation as 
appropriate, and increase engineering and fi eld support 
during the International Polar Year. Other activities that 
would be pursued with separate funding requests include 
developing a community TLS-support capability and 
hosting workshops and short courses to address emerg-
ing community needs. Some examples include better 
high-end data processing resources for ice dynamics 
applications and developing “high-risk systems” for fast 
moving and calving glaciers.

Support of the community base stations will continue 
with systems upgrades as appropriate based on new 
technologies, equipment wear, and user demand.

Network operations and maintenance will be provided 
for all NSF-OPP supported permanent GPS stations 

(i.e. those that are intended to outlive single science 
grant periods of performance). Th is capability will 
include a robust Iridium download center, network 
monitoring, annual maintenance needs addressed in 
fi eld season planning, and system upgrades planned 
as community needs evolve and hardware capabilities 
expand (such as the anticipated expansion from GPS to 
GPS + GLONASS + Galileo). All data from UNAVCO 
network operations are safeguarded within, and distrib-
uted from the UNAVCO community Data Center.

SUPPORT FOR THE NASA GLOBAL 
GNSS INFRASTRUCTURE
UNAVCO supports the operation of a global GNSS 
infrastructure to assure availability of data and products 
that are essential for GNSS scientifi c applications, such 
as reference frame defi nition and satellite orbits. NASA 
funding is passed through NSF and included in this pro-
posal. Principal NASA components include operation 
of NASA’s GNSS Global Network (GGN) and support 
for the International GNSS Service (IGS). Th is work is 
conducted in close cooperation with the Jet Propulsion 
Laboratory (JPL), the NASA center designated to pro-
vide global GNSS data and products to support Agency 
and external Earth scientifi c applications.

SUPPORT FOR THE GGN

Th e GGN consists of 68 core stations that are operated 
by JPL and UNAVCO that provide a globally distrib-
uted GPS data set to support both NASA operations 
and science commitments (Figure 17). An additional 
10 non-core stations that had originally been funded 
through research applications projects under the Dy-
namics of the Solid Earth (DOSE) and Solid Earth and 
Natural Hazards (SENH) programs also contribute 
data to the GGN. Principal support provided by UN-
AVCO in operating the GGN includes network data 
fl ow monitoring, troubleshooting, station installation, 
operation, maintenance and sustaining engineering. Th e 
GGN Project Element Manager at JPL provides techni-
cal direction for the UNAVCO support of the GGN.  
Growth at the rate of one to two installations per year 
are projected (Figure 18).
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Figure 17. Th e 68 core stations comprising 
NASA’s GNSS Global Network (GGN) are shown 
in solid light green. Six enhanced stations (solid 
dark green) with additional L2C tracking that 
were established by UNAVCO. Th ese stations and 
seven other international enhanced stations are 
part of an ongoing IGS/JPL GNSS moderniza-
tion experiment. Proposed new sites (open circles) 
will extend spatial cover in sparsely instrumented 
regions across the southern hemisphere.

approximately two to three instances per month. Th ese 
issues are typically resolved by working with on-site staff  
to troubleshoot routine receiver, communications or 
power problems, and to repair and/or replace malfunc-
tioning equipment. In supporting the GGN O&M, 
UNAVCO purchases and maintains some of the GPS re-
ceivers and most of the communication equipment, and 
pays all of the service fees related to operating a majority 
of the core stations, including communications services, 
site leases, and other costs. Resource allocations required 
to continue this support are included in the budget sec-
tion of this proposal.

UNAVCO helps to expand GGN spatial coverage by 
installing new stations as requirements dictate and by 
helping to coordinate multi-use of stations nominally 
supported for other projects that can also aid the GGN. 
Th ese requests occur at a rate of approximately two to 
four instances per year. UNAVCO assembles, confi gures, 
tests and ships equipment to site locations and coordi-
nates with local contacts to establish and operate new 
sites. Field engineering services are typically provided to 
new installations to assure compliance with best prac-
tices and to train the local site contacts in supporting op-
erations. Driven by requirements to improve the global 
reference frame, we anticipate focusing on opportunities 
to co-locate GPS with other space geodetic systems 
(Figure 19), especially in the southern hemisphere 
where coverage is limited. We will also coordinate where 
possible to leverage opportunities that arise from related 
projects including AFREF, IRIS/GSN AfricaArray, 
POLENET, and others to add desired spatial coverage to 
GGN.

Th e data from the GGN sites are publicly available and 
are contributed to the IGS data set for use by agencies 
and institutions around the world. GGN data are used 
to produce highly accurate products that are essential for 
Earth science research, multidisciplinary applications, 
and education, including GPS satellite ephemerides, 
Earth rotation parameters, tracking station coordinates 
and velocities, GPS satellite and tracking station clock 
information, Zenith tropospheric path delay estimates 
and global ionospheric maps. Th ese products support 
Earth science and other activities such as: improving and 
extending the International Terrestrial Reference Frame 
(ITRF) maintained by the International Earth Rotation 
and Reference Systems Service (IERS); monitoring de-
formation of Earth; monitoring Earth rotation; monitor-
ing the troposphere and ionosphere; determining orbits 
of scientifi c satellites such as GRACE and CHAMP; 
calibrating other instrumentation such as the Ocean 
Topography Experiment Satellite (TOPEX), Synthetic 
Aperture Radar (SAR) and Deep Space Network (DSN) 
communications equipment, and scientifi c and commer-
cial navigation.

UNAVCO is NASA’s primary service provider for 
handling station related issues for the GGN. We propose 
to continue to support the operation and maintenance 
(O&M) of the GGN by monitoring the GGN data fl ow 
on a daily basis and providing the fi rst response to inter-
ruptions as they arise. On average, UNAVCO responds 
to 100 support instances per month in its daily moni-
toring and troubleshooting of the network. Signifi cant 
repairs involving replacement of system components, 
system upgrades, or maintenance occur at a frequency of 
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Figure 18. Th e number of GGN stations will grow modestly over the next 
fi ve years. UNAVCO will increase spatial coverage by installing new stations 
as future requirements dictate and opportunities allow for co-locations. Some 
targets for new sites are shown in Figure 17.

UNAVCO provides a primary backup capability for 
downloading GPS ground station data for NASA. Data 
handling capabilities to retrieve data from specifi ed 
GGN stations are maintained at UNAVCO in case of 
failure of primary systems at JPL. Th ese capabilities are 
maintained at a ready state to retrieve, verify, reformat 
and distribute daily or hourly GGN data fi les to NASA’s 
Crustal Dynamics Data Information System (CDDIS) 
and select users.

UNAVCO provides key sustaining engineering services 
to maintain the GGN and improve capabilities and 
performance. In the past, this support has involved im-
proving or reducing the costs of data communications, 
upgrading GNSS receivers, evaluating monument or site 
issues to improve measurement precision, procedural im-
provements to improve effi  ciencies, or other activities to 
improve operations at specifi c stations. Looking ahead, 
in addition to addressing the continued improvement of 
basic operations, we anticipate addressing modernization 
of the GGN as a whole to accommodate new GNSS 
observables that will become available over the next fi ve 
to ten years, including modernized GPS, GLONASS 
and Galileo. Special care and planning are required 
to preserve global reference frame stability, which will 
require implementation of special processes and proce-
dures to assure that any related eff ects on the GGN time 
series are well understood. Some of the topics that must 
be addressed include testing of new receivers capable of 

receiving all GNSS observables; re-evaluation of antenna 
standards, as new antennas will be required for Galileo; 
in situ phase calibrations at core stations to eliminate 
site multipath, which will be especially important as the 
operating bandwidth of the GNSS signals increases; site 
and monument stability; and site survey ties between 
co-located geodetic stations. UNAVCO will help address 
these issues by facilitating controlled testing of equip-
ment, participating in specialized experiments, and by 
helping to develop best practice procedures for upgrad-
ing the GGN as new observable become available. 
UNAVCO will also update software and data handling 
facilities to accommodate new observables.

Figure 19. GGN station CR01 in the U.S. Virgin Islands is co-located with 
VLBI. Th is reduces operating costs and allows for across system ties compari-
sons of diff erent space geodetic techniques.

SUPPORT FOR THE IGS CENTRAL BUREAU

Th e International GNSS Service (IGS) is an interna-
tional, cooperative GNSS network in which participants 
provide fi ducial station data and analysis to generate 
and compare orbits and clock estimates for GPS users 
worldwide. Th e IGS Central Bureau (IGSCB), located at 
JPL, is responsible for coordinating the activities of the 
IGS. UNAVCO provides crucial support to the IGSCB, 
which is closely managed and coordinated on an ongo-
ing basis with IGSCB Director and Network Coordina-
tor. Principal activities supported include: maintaining 
the capability to provide backup access to critical data 
and products for the IGS and mirror the IGS mail 
system in case of failure; supporting the maintenance 
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of UNAVCO’s TEQC (Translation, Editing and Qual-
ity Check) software that is commonly used for data 
conditioning by the GGN and most IGS participants; 
supporting network coordination by participating in 
discussions with the IGSCB and/or the IGS Infrastruc-
ture Committee on relevant topics such as equipment 
calibration, station operations, and data formats; par-
ticipating in special experiments such as the global L2C 
experiment to demonstrate IGS capabilities or interests; 
attending IGS meetings and workshops to share ideas 
and participate in equipment and station discussions 
for the improvement of the network; interfacing with 
GPS manufacturers on receiver and antenna issues; and 
providing organizational and business support to the 
IGSCB as necessary to eff ectively manage and conduct 
the IGS business.

Th e eff orts supporting IGSCB are proposed to remain 
unchanged from previous years, except that IGSCB is 
anticipated to provide additional funds to strengthen 
UNAVCO’s involvement in supporting network coor-
dination activities. Th ese activities are an area in which 
additional help is needed to more eff ectively coordinate 
network operations.

Figure 20. AFREF Technical Workshop participants. Th e AFREF project 
is organized under the auspices of UNECA, the United Nations Economic 
Commission for Africa, to promote the establishment of consistent geodetic 
control throughout Africa. UNAVCO participated as part of an international 
team of geodetic experts organized by the IGS Central Bureau to help build 
local technical capacity within Africa to implement and manage the project.

OTHER NASA SUPPORT

UNAVCO provides limited support to other activities 
important to the NASA program. Real time, streamed 
data from the GGN and other network stations, for 
example, are becoming increasingly important for new 
scientifi c applications. Up until now, JPL has supported 
this capability for a fairly narrow set of applications 
for NASA. We anticipate that additional funds will be 
provided by other sources to extend these capabilities for 
broader scientifi c use. As another example, UNAVCO 
provides GNSS technology support and resources to 
research application projects funded by NASA. Th is sup-
port consists of loaning pool equipment, providing tech-
nical support and archiving services to NASA research 
investigations on a resource available basis. UNAVCO 
also participates where practical in other GNSS global 
infrastructure activities of interest to NASA, including 
GGOS (Global Geodetic Observing System), AFREF 
(Figure 20) and REASoNS (Research, Education and 
Applications Solutions Network) funded projects and 
other activities that will expand and improve geodetic 
observations and scientifi c data return.
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NASA and NSF Activities are Complementary

Th e NASA funding for the global GNSS infrastructure eff orts is transferred to NSF and passed through to 
UNAVCO on the core cooperative agreement. Th e NASA funded activities complement and enable UN-
AVCO support of NSF investigations and activities in multiple ways:

Reliable operation of the GGN and IGS networks is critical for all present GNSS investigations because of the need 
for precise orbits and clocks, the need for a well-defi ned and stable reference frame, and the necessity of incorporat-
ing data from regional permanent stations in campaign solutions. Some of the GGN sites have the longest available 
time-series and are critical to maintaining a stable reference frame.

Th is NASA funded activity allows UNAVCO to maintain a larger pool of skilled staff , which enhances the UNAV-
CO’s ability to meet the wide range of support required by NSF investigators. NSF funded permanent stations also 
contribute to the global GPS infrastructure.

A fairly continuous and predictable operations support eff ort allows for more effi  cient utilization of staff . In a num-
ber of cases, substantial cost savings have resulted due to combining fi eld visits for both NASA and NSF investiga-
tors.

Th e requirements for service and support provided by the Facility are identical for both NASA and NSF with the 
exception that UNAVCO works closely and directly with the NASA Program Element Manager (PEM) at NASA’s 
Jet Propulsion Laboratory to ensure coordination of related NASA programs and activities.

NASA supports development and maintenance of the TEQC software, the global standard for evaluating and 
conditioning precision GNSS data.

»

»

»

»

»

Data Services
UNAVCO provides an important resource to scien-
tists, educators, and the public through the UNAVCO 
Data Center. Th e primary goal of the Data Center is 
to provide scientifi c data and metadata stewardship for 
metadata, data and products from high-precision GPS 
studies and other crustal deformation measurements. 
Additional goals of the Data Center are: to make data 
easily available to the scientifi c community and to the 
public through a variety of tools and search and access 
methods; to provide additional tools that add value to 
the data and data products holdings; to ease data provid-
ers’ task of data and metadata management through a 
variety of tools and services; and to assist the UNAVCO 
Education and Outreach team in accessing data sets that 
are illustrative of Earth processes for teaching.

Permanent stations are the source of the bulk of the GPS 
data holdings in the Data Center. During the current 
funding period, the community continued its emphasis 

on permanent station installations. Th e PBO/Nucleus 
project is the largest example, but other examples 
include the Yucca Mountain, Calabria, and upcom-
ing POLENET installation eff orts. With this shift the 
need for highly scalable archiving systems has been 
met through software development and systems design 
enhancements. Along the way the Data Center has 
continued to support and expand established software 
tools such as TEQC (translation, editing and quality 
checking), which is used by investigators worldwide. Th e 
Data Center also has met the call for new data search 
and access tools, which have been well received and are 
evolving further towards meeting the needs of the com-
munity. During the next fi ve years we expect to build on 
existing capabilities and off er new services to the com-
munity.



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

2-23

Supplementary Documentation

HOLDINGS AND METRICS
Th e Data Center holds a collection of 1.7 million fi lesets 
of level 0 (raw unprocessed data from the receiver) GPS 
data (Figure 21, Table 6); these data are quality checked 
and translated into the standard RINEX (Receiver 
INdependent EXchange) format (level 1), and made 
available to customers, mainly via ftp. A growing collec-
tion of level 2 (processed) products associated with the 
PBO project are also archived and distributed. Metadata 
for the entire archived collection is held in an Oracle 
database. Data volume for all GPS data and products 
reached 5.1 terabytes (Tb) during 2006. Just over 90% 
of this volume is from permanent stations that provide 
continuous data. Campaigns make up less than 10% of 
the data volume held, but are a unique resource due to 
the typically high spatial density of points surveyed, and 
because the number of points surveyed far outstrip the 
permanent station number surveyed. Permanent sta-
tion monuments with data holdings, numbering 1440, 
are globally distributed, with a high concentration in 
the western United States. Campaign monuments with 
data holdings number close to 8000 (Figure 22). Over 
the course of the proposal period, permanent stations 
archived are projected to grow to 2000, campaigns 
archived are projected to increase by 250, data hold-
ings will grow to 6 million fi lesets, and required storage 
volume will grow by nearly an order of magnitude.

Figure 21. UNAVCO level 0 (raw) GPS data volume archived each fi scal year 
(a) and cumulative raw data volume (b) below.
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Table 6. Archiving Statistics for the UNAVCO Data Center.

Permanent Stations Handled
(per year)

Campaigns Processed
(per year)

Number
Archived

# Files GBytes Number
Archived

# Files GBytes

FY 2003 270 77,769 123 50 10,532 14
FY 2004 380 129,820 245 71 19,805 25
FY 2005 681 293,949 667 41 8,770 83
FY 2006 1,133 636,340 1,520 39 11,038 40
FY 2007 1,244 164,342 1,244 13 10,330 47
Total
(includes pre FY2003)

1,423  
w/data

1,509,325 4,154 625 127,834 280

Figure 22. UNAVCO holds data for over 9400 sites worldwide, including 1440 permanent stations 
(green) and over 8000 campaign sites (red) from 650 campaigns, with data from 1986 to the present. Blue 
sites are IGS stations (many of which are NASA GGN stations). All IGS data are available from SOPAC.

During FY 2006, nearly 650,000 fi les (1.5 terabytes) 
were added to the Data Center archive collection (Table 
6). Storage for single copies of all GPS-related data, data 
products, metadata, and images is projected to double 
each year for at least the next two to three years as PBO 
build-out proceeds. More stable growth is expected to 
follow this initial rapid increase. For data backup and 
management, the Data Center holds at least two cop-
ies of each fi le archived. Additional copies in diff erent 
data formats may also be held. Additional non-PBO 
new permanent station will continue to be installed, 
contributing to a more modest rate of growth toward 
the end of the proposal period, barring any initiatives to 

archive signifi cant quantities of high rate data or other 
data types.

For permanent stations, the Plate Boundary Observa-
tory and Nucleus projects make up the largest fraction 
of the operating stations (58%), followed by NSF-EAR 
and community PI projects (25%), with the remainder 
comprised of NASA, USGS, and Polar stations (Figure 
23). Nearly 100% of the campaigns in the Data Center 
holdings come from university PI projects. Individual 
contributors of data to the Data Center have nearly 
doubled in the past fi ve years, with 342 contributors 
from 169 institutions.
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Figure 23. Permanent stations currently handled by project (a); Growth through time by project category (b).

During calendar year 2006, nearly 5 million RINEX fi les (2.7 terabytes) were downloaded from the Data Center’s 
public ftp server (Figure 24, Table 7). Download statistics indicate that the primary customers for UNAVCO data 
are from the educational community, totaling 64% of downloads, followed by government, commercial, and non-
profi t customers. Th ese download statistics confi rm the wide interest in and applicability of the archived data.

Figure 24. FTP downloads by top level Internet domain (left). Th e monthly volume transferred from the Data Center has increased by an order of magnitude 
since FY2004 (right).

Downloads/Deliveries
Data fi les TEQC

Campaign Permanent Executable Tutorial
2003 6673 N/A
2004 5909 789,078
2005 19596 2,583,434
2006 12009 4,986,763 15,424 (5 mos) 4488 (5 mos)
2007 9364

Table 7. Data Center download and delivery statistics.
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DATA HANDLING SERVICES

PERMANENT STATIONS

Th e Data Center’s automated permanent station data 
handling and integrity checking operations ensure that 
incoming data fi les are accurately archived, and that 
RINEX and quality control (QC) parameters are avail-
able for download within minutes of the arrival of a fi le 
under normal conditions. In addition to providing data 
management mechanisms and secure long-term storage 
of archived data and metadata, the data management 
services of the Data Center facilitate a wide variety of 
data transfer styles, data formats, fi le confi gurations, 
sample rates and post-archiving fi le handling procedures. 
Th is fi ne-tuning of the data handling capability that we 
have built into our automated processing is a hallmark 
of the service-orientation of the UNAVCO Data Center.

Th e Data Center’s management tools handle incoming 
data from over 50 receiver models and dozens of data 
formats. Extensive use is made of the UNAVCO-devel-
oped and maintained TEQC software during data man-
agement and archiving. Data arrive via multiple delivery 
mechanisms including ftp dropoff , ftp pickup, secure 
copy, and LDM (Unidata’s Local Data Manager). Data 
arrive most commonly as a single daily fi le from each 
station, but a signifi cant percentage (14% currently) 
arrive as multiple fi les in a day (commonly 24 one-hour 
fi les), which the data management software must handle. 
Sub-daily and daily level 1 products are provided for 
pickup from the ftp server.

Th e Data Center has the capacity to immediately check 
a large fraction of the incoming data against the station’s 
current metadata confi guration (the remaining data are 
checked soon after initial processing). When metadata 
discrepancies are detected, reporting and correction of 
the problems takes place rapidly, minimizing issues in 
data processing downstream.

CAMPAIGNS

Campaign data management and archiving is a labor-in-
tensive process involving signifi cant interaction between 
Data Center personnel and investigators to ensure 
completeness of data and metadata and to follow up to 
resolve any metadata problems. Raw data ingestion is 

accomplished with software scripts. Archiving techni-
cians enter metadata into the Oracle database. Scanning 
of campaign documentation is done routinely. After the 
two-year grace period during which access is restricted 
to the PI(s), campaign data are packaged in a form ready 
for delivery upon request or anonymously depending on 
the applicable data policy.

PROJECT SPECIFIC DATA SUPPORT

DATA SUPPORT FOR NSF EAR PI PROJECTS

For multiple PI projects, the UNAVCO Data Center’s 
archive is the primary or sole data archive; for most PI 
projects, UNAVCO provides metadata and data man-
agement along with archiving. For permanent stations, 
Data Center personnel interact regularly with NSF 
investigators to facilitate the fl ow of data and metadata. 
Th e metadata management tools used by UNAVCO 
fi eld engineers and by partnering university station 
operators include web forms for entry of initial station 
setup metadata (instruments, manufacturers, serial num-
bers, antenna heights), and additional web forms for 
maintenance visits, updating coordinates, and providing 
status notes when a station is down. Investigators and 
data customers can access station metadata through web 
search and access tools. Many university operators link 
to UNAVCO’s metadata pages from web sites that docu-
ment their GPS research projects having data holdings at 
UNAVCO.

Th e Data Center is ready to handle data and metadata 
management, archiving and data access to the com-
munity for the estimated 45-50 new station installations 
per year during the next fi ve years. Th e required data 
management and archiving scalability is described in a 
later section.

DATA SUPPORT FOR NSF PLATE BOUNDARY OB
SERVATORY AND NUCLEUS PROJECTS

Th e UNAVCO Data Center receives additional sup-
port from the PBO MREFC to archive GPS data and 
products from the Plate Boundary Observatory and 
Nucleus projects. Of the planned 880 PBO and 211 
Nucleus stations, 734 are in operation Although the data 
handling for PBO/Nucleus is relatively simple because 



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

2-27

Supplementary Documentation

the station confi gurations and equipment are uniform 
and because the data arrive via a single fl ow mechanism 
(mainly as daily fi les, although about 4% are handled as 
hourly fi les), the large number of stations and require-
ments for archiving (normal rate data, high rate data, 
and products) make this project the most demanding of 
the GPS archiving activities of the Data Center.

For large earthquakes in the western U.S. and around 
the world, PBO downloads 5 Hz data from a fraction 
of its stations (the fraction depends on the earthquake 
magnitude and location). For 2006, 5 Hz data was 
archived from four earthquakes and nine special request 
events. Th is high rate data accounted for 36% of the 
data volume archived for PBO that year. Data products 
accounted for another 22%. Standard rate raw and 
RINEX data accounted for the remaining 42%.

Additional tasks that the Data Center performs for 
PBO/Nucleus include generating IGS-style site logs, 
computing QC for all data fi les, handing off  timestamps 
indicating fi le handling times to PBO’s state-of-health 
system, generating fi le lists for the PBO analysis centers 
on a daily basis, and gating of fi les to temporarily hold 
back data with suspected metadata problems. In confor-
mity with PBO requirements, the Data Center holds a 
secondary copy of all public data on an ftp pickup server 
off site at IRIS.

DATA SUPPORT FOR NSF POLAR PROGRAMS

For polar permanent station projects, the UNAVCO 
Data Center archive is the primary archive, and for most 
of these UNAVCO provides metadata and data manage-
ment, analogous to NSF EAR University PI projects. 
Currently the Data Center has archived holdings for 30 
permanent stations with polar support. Th e Data Center 
has handled archiving of polar campaign projects for 
the past 12 years, and holds and distributes 206 datasets 
(177 Antarctic plus 29 Arctic).

As part of the IPY Google Earth layer, UNAVCO 
produces and keeps updated a KMZ (Google Earth 
format) fi le with station position and accessible links to 
metadata. Th e Data Center is ready to handle data and 
metadata management, archiving and data access to the 
community for the approximately 75 additional stations 
projected for installation in the coming years as part of 

the new Greenland network and the POLENET project.

DATA SUPPORT FOR NASA

Th e Data Center assists the NASA Project Engineer in 
support of NASA’s GGN by providing a backup data 
fl ow path from the receivers to the data centers and 
providing RINEX formatting, in case of systems outages 
at JPL. Th is backup fl ow system enhances the reliability 
of data delivery from GGN stations to the entire GPS 
community.

Th e Data Center’s metadata handling web forms, data-
bases, and display tools assist the NASA Project Engi-
neer with monitoring and correcting metadata problems. 
As a service to the community the Data Center mirrors 
all GGN data, including stations for which UNAVCO is 
not responsible for actual data fl ow. An ancillary benefi t 
to this mirroring is that the NASA Project Engineer 
has a local means to monitor all GGN data fl ow, which 
often means earlier detection of problems and faster 
troubleshooting

NASA supports development of UNAVCO’s TEQC 
GNSS data handling software because of its integral 
role in GGN and IGS data handling. Data Center staff  
members interact with international groups defi ning the 
RINEX format specifi cation, and related issues involv-
ing GNSS modernization (GPS L2C, GPS and SBAS 
L5, Galileo). A version of TEQC that is RINEX 2.11 
capable for GNSS modernization is ready for distribu-
tion to the community.

DATA ACCESS

DATA SEARCH AND DELIVERY

New tools for data search and access have been 
implemented during the past two years. Th e search 
mechanisms for permanent station data include station, 
temporal, geographic, and spatial search criteria. Th e 
user can choose to include any or none of these criteria 
in their search. Search results are shown on both a map 
view and as a tabular view showing customizable meta-
data columns. Th e map view is based on Google Maps 
technology. Th ere are several advantages to using Google 
Maps: the technology provides an Application Program-
ming Interface, the display engine, map manipulation 
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GUI tools, and base maps including satellite imagery. 
Th e user only needs a browser and does not need to 
load additional client software on their local system. For 
several slices through the data, Google Earth-ready .kmz 
fi les are made available via our web pages.

Figure 25. UNAVCO’s new data web search and data access interface.

ENHANCED DATA ACCESS SERVICES

Th e Data Center’s recent enhancements of data search 
and access provide an added fl exibility to the researcher, 
educator, or student looking for data. Th is enhancement 
eff ort has laid the basis for additional capabilities to be 
built to fl exibly identify, order, and package data and 
data products depending on the needs of the customer. 
Th e UNAVCO Data Center envisions building addi-
tional fl exibility so that an individually tailored environ-
ment can address each customer’s needs. Th is proposed 
fl exibility enhancement will incorporate data and 
product delivery, building on both the existing interfaces 
at the Data Center and at PBO. Underlying web services 
will be built to provide for future expansions and for 
greater interoperability with internal and external initia-
tives for data search and access.

Th e new data web search and data access interface (Fig-
ure 25) provides simplifi ed campaign data access, and 
customized data bundling for permanent stations. Th e 
search and access tool was extensively checked against 
user requirements, and continues to evolve to meet ad-
ditional requirements of the community.

DATA CENTER INFRASTRUCTURE

SYSTEMS AND BACKUPS

Th e UNAVCO Data Center consists of multiple servers 
along with storage; the servers perform multiple critical 
functions: bringing in incoming data, archive process-
ing, long-term archive storage management, database 
engine, ftp server and storage, and backups. Th e bulk of 
the archived collections are on read-only storage, which 
reduces the need for frequent full backups. Tapes are 
written and copies are kept locally and off site at IRIS.

In 2005, with impetus and funding from PBO, the 
Data Center established an off site secondary copy for all 
publicly available data. Th is off site system is dynamically 
updated, meaning that for every fi le that is archived, 
a local and an off site public copy is stored. Th e off site 
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system is a live ftp server; when maintenance, power 
outages, network outages or other interruptions occur 
at the Boulder Data Center, network DNS designation 
allows the off site system to stand-in for the Boulder ftp 
pickup. Th is backup results in high data availability for 
customers. It does not allow for continued archiving of 
incoming data, however. One element of UNAVCO’s 
fi ve-year plan for this proposal is to develop an off site 
warm failover capability, so that in the unlikely event 
of a disruption where data management and archiving 
capability in Boulder is lost, operations can continue off -
site. Th is capability is becoming more essential as more 
processing centers use automated means to perform 
analyses with high volumes of data that must be accessed 
in a timely fashion.

DATA MANAGEMENT FOR SCALABILITY AND 
HIGH AVAILABILITY

Because the Data Center has experienced exponential 
growth in archived data volume over the past several 
years, we have designed scalability into our systems. 
Th is activity has been partially supported through the 
PBO MREFC, because PBO station numbers and data 
volume are a principal driving factor in the need for 
scalability. For example, during the past two years, again 
because of requirements of the PBO project, the Data 
Center has developed systems for data management 
and archiving of event-driven high rate (5 samples per 
second) GPS data. When these data are being delivered, 
they dwarf the data volume of everyday traffi  c, some-
times delivering within a few days triple or quadruple 
the typical monthly volume handled by the Data Center. 
Th is high data delivery rate occurred for three large 
global earthquakes and one regional event during 2006. 
Data management procedures that handle this infl ux of 
data without adversely impacting the latency of normal 
traffi  c are important to the needs of everyday customers, 
and not trivial to achieve. Because more stations (PBO 
and other) are installed every year, and interest in high 
rate GPS data remains keen, the need for highly scalable 
data management and archiving systems has emerged. 
Scalability pertains to and must be considered for every 
component of the system: automated data handling 
software, database, metadata management, throughput, 
bandwidth, infrastructural elements, and storage. Th e 

Data Center has implemented software that facilitates 
scalability enhancements to meet the growing data 
management, archiving, and data access needs of the 
UNAVCO community, and has initiated implementa-
tion of a hardware design that will meet scalability needs 
in the future. As data management needs continue to 
increase during the next fi ve years, the Data Center will 
add necessary hardware to handle the anticipated load.

ENHANCED LOW LATENCY DATA MANAGEMENT 
SERVICES

As researchers increasingly push the limits of the infor-
mation that can be derived from GPS data, data man-
agement and delivery mechanisms must be expanded 
to keep up. One area where limits are being driven is 
higher sample rates. One sample per second is common 
for studies of dynamic geophysical events, earthquakes 
being the most obvious example. Higher sample rates 
challenge established data handling mechanisms, and 
improved low-latency procedures are needed. Th e 
UNAVCO Data Center proposes to augment its already 
very fl exible data management system to deliver high 
rate data with low latency.

OFFSITE DATA MANAGEMENT AND ARCHIVING 
FAILOVER CAPABILITY

As the Data Center’s data management activities become 
more extensive, and with numerous government and 
University research eff orts relying on continuous, disrup-
tion-free data delivery, UNAVCO is looking to improve 
its ability to continue operations in the event of a 
disaster local to Boulder (fi re in the building, widespread 
power outage, or other event), as well as any mainte-
nance related failures. Although the possibility of some 
natural or human event interfering with the Boulder 
Data Center’s operations permanently is small, the nega-
tive impact even of short-term outages on customers can 
be great. To support continued operations and to lessen 
the catch-up eff ect, which can drive up latency for many 
days after a day-long outage, UNAVCO has deemed 
that establishing an off site location with warm failover 
capability is desirable. Th e Data Center’s recently imple-
mented high availability design for data management 
and archiving activities is transferable to an off site loca-
tion having appropriate supporting IT infrastructure. 
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UNAVCO will work towards implementing this off site 
capability and funding support for this eff ort will come 
substantially from PBO.

COLLABORATIONS
Collaborations are an effi  cient means of augmenting 
internal capabilities while having a positive impact on 
additional communities beyond the traditional ones for 
the UNAVCO Data Center. Currently the Data Group 
collaborates with the University of California, San Diego 
Scripps Orbit and Permanent Array Center (SOPAC) via 
the sub-award that is part of this proposal. Additional 
collaborations include the GeoWS project, with IRIS 
and Lamont Doherty Earth Observatory’s Marine Geol-
ogy and Geophysics Group, in which each group’s data 
are shared with Open Geospatial Consortium compliant 
web mapping and web feature services. Th e idea is to 
off er a mechanism to spatially view holdings from the 
three centers in a single spatial display.

Th e Data Group will collaborate with PBO, IRIS 
(USArray), and Stanford (SAFOD) on meeting the 
requirements of the EarthScope Portal through provid-
ing the relevant web services and portlets.

GPS PROCESSING SUPPORT
As noted in the Supplementary Documentation, EAR/IF 
has provided support to MIT since 1997 to enhance the 
capabilities of the GAMIT/GLOBK software for a range 
of Earth science investigations. Th rough this support, 
the user base has grown to over 50 U.S. investigators 
(Table 8) and 65 foreign institutions with which they 
collaborate (Table 9). At the instruction of our Program 
Offi  cer, we now include this activity as part of the core 
Facility proposal. Th e primary tasks supported are main-
tenance and enhancement of the codes, user training, 
and improved documentation. 

Although many investigators have developed the ex-
pertise to process GPS data accurately and effi  ciently, 
many others fi nd this task an unwelcome part of their 
geophysical studies. To lower the barriers for using GPS 
data, we propose to use the infrastructure built to sup-
port PBO analysis to provide a data-processing service to 
all NSF investigators. Th e PI would pay for this service 

(hence no additional cost to EAR/IF or PBO), but the 
cost would be a fraction of that required to develop an 
in-house capability of comparable quality. We describe 
this cost model in the Data Processing Services section 
below.

SOFTWARE MAINTENANCE AND ENHANCEMENT

Th e two major threads of code development have been 
user interfaces and improved models for the observa-
tions. For ease-of-use, the most important change 
(occurring in 2000) has been the availability of a suite 
of scripts and programs that allow for nearly automatic 
processing of the phase data and generation of time 
series of daily positions. For tectonic studies, there are 
better graphical interfaces for viewing and editing time 
series and velocity fi elds. For glaciologists, there is a new 
protocol for handling a priori coordinates that allows 
processing of data from receivers on ice fl ow. For me-
teorologists there is a utility for computing precipitable 
water vapor from zenith delay estimates. For improving 
the accuracy of the analysis, the most important recent 
development has been the use of global grids constructed 
from numerical weather models to correct GPS signals 
for refraction and station positions for atmospheric load-
ing. Other recent enhancements of the software include 
support for new receiver and antenna types; grid fi les 
for new models available for ocean tidal loading; more 
eff ective use of pseudorange observations for resolving 
phase ambiguities; passing of atmospheric zenith delay 
estimates from GAMIT to GLOBK so that they can be 
linked for a common station in multiple networks; the 
ability to use models for absolute phase-center varia-
tions (PCVs) for both satellite and ground antennas; a 
more robust method of handling changes in antenna 
height during a session; a new algorithm for calculating 
a realistic uncertainty for velocity estimates based on 
correlations in the time series for each station; the ability 
to include in a priori constraints non-linear motion 
following an earthquake; and an improved algorithm for 
determining the rotation vectors and velocity residuals 
for stations on diff erent plates.

During the next two years, a primary task in model 
development will be incorporating (when they become 
available) the eff ects of hydrological loading and at-
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mospheric tidal loading on station positions. A second 
known task will be incorporating into GAMIT a model 
for second-order ionospheric eff ects. As new signals are 
available from GPS and Galileo (~2009 for genuine 
utility), both GAMIT and GLOBK will need to be 
modifi ed to use the new signals and a larger number of 
satellites. Th ere will also be a continuing requirement to 
accommodate new receivers and antennas, and satellites. 
Altogether code development is likely to require two to 
three months of eff ort each year.

TRAINING AND TROUBLESHOOTING

Direct interaction with users is an essential part of pro-
viding eff ective support, not only because of the train-
ing provided to the user, but also for the feedback that 
guides development of the software and documentation. 
MIT and the Facility have supported four GAMIT/
GLOBK training sessions for U.S. investigators: two 
one-day sessions held in conjunction with UNAVCO 
Annual Meetings (San Diego in 2000 and Colorado 
Springs in 2002), a two-day workshop at the Ohio State 
University in 2005, and a three-day workshop at the 
UNAVCO Facility in 2006, reaching altogether over 
80 investigators. MIT has also conducted fi ve training 
sessions, supported by other funds, outside of the U.S.: 
a fi ve-day course in Bangalore, India, and a three-day 
course in Toulouse, France, in 2002, a one-day work-
shop at the IUGG Meeting in Sapporo, Japan, in 2003, 
and workshops of two days each in Luxembourg and 
Italy in 2006. Th ough these overseas sessions did not in-
clude any U.S. participants (other than the instructors), 
the teaching materials generated for them have become 
an eff ective part of the GAMIT/GLOBK documenta-
tion. During the upcoming grant period, UNAVCO will 
sponsor a one- or two-day workshop for U.S. investiga-
tors at least once per year. 

A critical component of MIT’s support of GAMIT/
GLOBK users has been the two to three hours a day (~ 
three months/year) spent with e-mail correspondence 
in response to questions and problems arising in data 
analysis. Most often one or more brief responses is suf-
fi cient to steer the user back on course, but sometimes it 
is necessary for the MIT analysts to ftp the problematic 
data and repeat the runs to understand the problem. 

Th ese tests are almost always useful, revealing an in-
adequacy in the documentation, a bug in the code, or 
anomalies in the input data that can be trapped with 
newfound knowledge of their character.

DOCUMENTATION

GAMIT/GLOBK (and other) users have strong opinions 
about the quantity and content of documentation of 
the software. Many new users learn best from a printed 
manual, organized to take the reader logically from con-
cepts to mechanical implementation. More experienced 
users prefer shorter instructions available via the web or 
self-documenting programs. Finally, expert users require 
extensive in-line comments to understand and/or modify 
the code. Although up to four months per year could 
be used eff ectively on documentation, in balancing this 
need against code development and training, MIT has 
typically devoted about one month each year. Most 
recently MIT has completed a 35-page “Introduction” to 
GAMIT/GLOBK to supplement the 160-page GAMIT 
and 70-page GLOBK reference manuals. Th ey have also 
expanded by a factor of two the on-line documentation 
by incorporating PowerPoint presentations from recent 
workshops (see the ‘GAMIT’ link under the ‘Software’ 
section of the UNAVCO homepage). Over the next 
three years, the primary documentation eff ort will be to 
guide users in invoking and understanding the output 
from new features for ambiguity resolution, models 
for loading, recovering meteorological parameters, and 
constraining non-linear post-seismic motions.

DATA PROCESSING SERVICES

Th e data management and processing infrastructure 
already in place for PBO provide an opportunity to 
extend UNAVCO’s services to non-EarthScope investi-
gators. Th is extension requires only two modifi cations 
of the current protocols. First is that PIs will be asked to 
pay for most of the cost of the service out of their grants. 
Th is requirement lessens the impact on the EAR/IF for a 
new service whose need and value is still uncertain. Th e 
impact on PIs should be minimal as they need to budget 
in some way for data processing, and for most investiga-
tors the cost of UNAVCO processing will be less than 
doing it themselves or subcontracting it to another 
laboratory. Th e fee structure will be consistent with what 
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UNAVCO pays the ACs and ACCs for PBO processing; for example, ~$4,000 per year for a continuous 10-station 
network, and ~$600 for a two-week campaign involving six receivers and 25 stations. Th e second modifi cation ap-
plies for networks outside of the PBO footprint. For these data the ACs would combine the PI’s data with data from 
IGS stations within the region so that the network could be tied to global and regional references frames.

Th e timing of the data processing would likely match that of current PBO products. Data available in near real-time 
are used to produce a “rapid” solution within 24 hours. Th ese data and others received within 6-13 days are then 
processed to produce a “fi nal” solution. Once every 12 weeks, any new data acquired are processed and combined 
with the “fi nal” solution for the appropriate week. Finally, at intervals of one to two years, as models improve, the 
entire data set is reprocessed. As with PBO NUCLEUS data, the new service would off er processing for data ac-
quired since 1996, the date when continuous networks in western North America began to expand and when IGS 
orbits became suffi  ciently accurate that they can be fi xed in regional analyses. Th e products delivered to the PI would 
be a time series and two SINEX fi les per day, one tightly constrained to a conventional reference frame appropriate 
for the region and the other loosely constrained so that it could be combined with other SINEX fi les and put into a 
reference frame chosen by the PI. Overall demand for this new level of service will be established during a pilot pro-
gram; it is our anticipation that the availability of UNAVCO data processing will be very useful to the community. 

Investigator Institution Region or topic of study

U.S. Academic

Agnew UC San Diego S California

Alley Penn State Glaciology

Arko LDEO Hudson R., Antarctica

Bendick Montana E Africa

Bennett Arizona Western U.S., Italy

Bevis Ohio State Central Andes, SW Pacifi c, water vapor

Bilham Colorado Himalaya

Bock UC San Diego S California, Sumatra, water vapor

Burchfi el/King MIT SW China, Balkans

Burgmann/Houlie UC Berkeley California, Himalaya, Adria

Calais Purdue Russia, Mongolia, water vapor

Davis/Wernicke Harvard/Caltech Basin and Range, Scandanavia

Elosegui Harvard Iberia, water vapor

Feigl Wisconsin Azores, E Africa, Iceland

Foster/Brooks Hawaii Water vapor

Genrich/Wernicke Caltech

Glaser/Reeve Minnesota/Maine Minnesota 

Gomez Missouri Eastern Mediterranean

Hager/Herring/Molnar MIT/Colorado Calif, C Asia/ N Zealand

Harris BYU Indonesia
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Kogan Lamont NE Asia

McCaff rey RPI Indonesia, Cascadia

Meertens/Hernandez UNAVCO Station performance

Miklius USGS Hawaii Volcano monitoring

Miller/Santillan CWU Cascadia

Minster/Borsa UC San Diego Altimetry

Murray New Mexico Tech PBO/Cascadia 

Newman Georgia Tech Antarctica, teaching

Pavlis UM Baltimore Altimetry

Reilinger/McClusky MIT Mediterranean

Rodi Wyoming Dynamic pos.of aircraft

Royden/King MIT Greece

Schmidt Oregon Cascadia

Shinozuka UC Irvine Highway infrastructure

Shum Ohio State Geodetic research

Silver/Harrison UC Santa Cruz Central California 

Smalley U Memphis Central Andes, New Madrid, Scotia Arc

Tobin Wisconsin Water vapor

Toothill Wilkes Yellowstone

Trenkamp U South Carolina Andes

Truff er Alaska Glaciology

Wang NC A&T Strong motions
Wiltschko Texas A&M Taiwan
U.S. Government 
Arroyo-Suarez Naval Ocean. Off . Surveying
Gutman/Holub NOAA/FSL Water vapor
King/Hudnut USGS Pasadena Southern California, Mexico
Kass/Ray NGS Rockville Orbit determination
Mulcare NGS Advisor to Texas Survey control
Saba NASA Goddard ICESat
Sauber NASA Goddard Alaska

Table 8. U.S. Investigators using GAMIT/GLOBK 
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Institution, Country Investigator U.S. Collaborators
ANU, Australia Tregoning McCaff rey (RPI), Herring (MIT) 

Calais (Purdue)
Canberra U, Australia Morgan Fricker (UCSD)
U Tasmania, Australia Coleman Bassis/Fricker/Minster (UCSD) 
CLG Sofi a, Bulgaria Georgiev, Kotzev Burchfi el/King (MIT) 
Chengdu Instit. Geology, China Chen/Liu Burchfi el/King (MIT), 

Koons(Maine)
U Chile, Chile Clouard Simons (Caltech)
CASM Beijing, China Dang Hager/Herring (MIT)
CSB Beijing China Sun Shen (UCLA) Fang/Bock (SIO)
CSB Tianjin, China Li Shen (UCLA)
CSB Urumqi, China Wang Calais (Purdue)
CSB Wuhan, China Zhuo Freymueller (Alaska)
Instit. Remote Sensing, Beijing, 
China

Cheng Gong (UCB)

Instit.Tibet Plateau Res., Beiing 
China

Jing Avouac (Caltech)

HK Polytech, Hong Kong China Ding Chao (GSFC), Shum (OSU)
HKUST Hong Kong, China Li Ware/Rocken (UCAR)
INGEOMINAS, Colombia Mora-Paez Trenkamp (S Carolina), Molnar 

(Colorado) 
KOM, Denmark Borre Akas (Colorado), Lohman (UCAR)
Instit. Geofesico EPN, Ecuador Mothes Dixon (Miami), Geist (Idaho), 

Trenkamp (S Car)
NRIAG Egypt Mousa Reilinger (MIT)
FMI, Finland Lange Ware/Rocken (UCAR)
ACRI, France Lesne Calais/Haase (Purdue)
U Grenoble, France Walpersdorf/Vergnolle Calais/Haase (Purdue), Shen 

(UCLA)
U Montpelier, France Chery/Vernant Calais (Purdue)/Reilinger (MIT)
ENS Paris, France Vigny Avouac/Simons (Caltech) McCaff rey 

(RPI)
IGN Paris, France Kasser Calais (Purdue)
IGP Paris, France Briole Dixon (Miami), Calais (Purdue)
LaMP/OPGC, France Van Baelen UCAR/COSMIC, NOAA/FSL
CNRS Valbonne, France Virieux Calais (Purdue)
IPSN, France Baize Calais (Purdue)
TU Crete, Greece Mertikas Pavlis (UMBC)
Met Offi  ce, Iceland Geirsson Bennett (Ariz), Feigl (Wisc), 

LaFemina (Penn S)
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IIT Mumbai, India Kulkarni Brzezinska (OSU)
NGRI, India Gahalaut Bilham (Colorado), Burgmann 

(UCB)
Wadia Institute, India Banerjee Burgmann (UCB), Pollitz (USGS)
BAKOSURTANAL, Indonesia Subarya Bock (UCSD)/McCaff rey (RPI)
INGV Bologna, Italy Casula/Serpelloni Bennett (Arizona), Burgmann 

(UCB)
OGS, Italy Zuliani Bevis (OSU), Murray (NMT)
U Rome, Italy Battaglia Burgmann (UCB), Murray (NMT)
ERI, Japan Kato Segall (Stanford)
GSI Tsukuba, Japan Hatanaka/Munekane Bock/Fang (UCSD), Herring/King 

(MIT)
NIED Tsukuba, Japan Shimada Herring/King (MIT)
Seoul Nat’l Univ, Korea Lim Braun (UCAR)
IHT, Bishkek, Kyrgyzstan Zubovich Bendick (Montana), Molnar 

(Colorada), Hager/Herring (MIT)
LAU, Lebanon Karam Gomez (Cornell) / Reilinger (MIT)
U Luxembourg Van Dam Wahr (Colorado)
CICESE, Mexico Gonzalez Bennett (Arizona) Agnew/Bock 

(UCSD)
UNAM, Mexico Sanchez Hudnut (USGS), 

DeMets(Wisconsin)
RCAG, Mongolia Amarjargal Calais (Purdue)
EMI Rabat, Morocco Abdelali Reilinger (MIT)
NMB, Papua New Guinea English McCaff rey (RPI)
Otago U, New Zealand Denys Herring/Hager (MIT), Molnar 

(Colorado)
IGNS, New Zealand Wallace Bevis (OSU), Herring/Hager (MIT)
NTNU, Norway Nahavankchi Blewitt, Plag (Nevada Reno)
Inst. Geof., Peru Ocola Sacks (Carnegie)
U Algorve, Portugal Prates Elosequi (CfA)
U Lisbon, Portugal Mendes Davis(Harvard), Feigl (Wisc) Niemi 

(Mich)
IEC Irkutsk, Russia Sankov Calais (Purdue)
MAI Moscow, Russia Fridman Gustafson (Florida)
KOMSP Petropavlosk, Russia Levin Kogan (LDEO), Burgmann (UCB)
RAAC Moscow, Russia Steblov Kogan (LDEO), Burgmann UCB)
HMO, South Africa Cilliers Kunches/Fuller-Rowell (NOAA)
IEEC Barcelona, Spain Elosegui Davis (Harvard), Wernicke 

(Caltech), Niemi (Mich), Nettles 
(LDEO), Hamilton (Maine) 
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Education and Outreach
During UNAVCO’s years within other institutions 
(1984-2003), UNAVCO’s Education and Outreach 
activities included fi eld-based student training, develop-
ment of posters and brochures describing geodynamic 
applications of GPS, producing web-based resources for 
viewing and analyzing GPS data (including the Jules 
Verne Voyager map tool), supporting the International 
Lithosphere Project’s Global Strain Rate Map, and 
providing content and technical resources in support of 
NASA’s Project GLOBE. Staff  and community members 
whose primary responsibilities were elsewhere led these 
eff orts and no specifi c budget lines or formal program 
mandates supported these E&O activities. As UNAVCO 
became an independent organization in 2003, new staff  
dedicated to this program and an active Standing Com-
mittee are moving UNAVCO’s E&O into an expanded 
program serving the broad needs of the community.

COMMUNICATING SCIENCE AND 
BROADENING PARTICIPATION
Beginning in mid-2004, the E&O Program has expand-
ed its eff orts to reach all of our targeted constituencies: 
students and teachers at the secondary school and col-
lege level, researchers, and the public. Th e E&O Stand-

Tech Insit Castilla, Spain Blanco Davis (Harvard) 
Chalmers U, Sweden Johanson,Liberg Davis(Harvard) 
Nat’l Cheng Kung U, Taiwan You Schaff erin/Schenk (OSU)
UCLAS, Tanzania Mtalo Calais (Purdue)
Bogazici U, Turkey Ozener Reilinger (MIT) 
GCM, Ankara, Turkey Lenk Reilinger (MIT)
ITU, Istanbul, Turkey Eventzur/Tari Reilinger (MIT)
Kankilli Obs, Turkey Ozener Reilinger (MIT)
TUBITAK, Istanbul, Turkey Ergintav Reilinger (MIT), Burgmann (UCB) 

Lisenbee (S Dakota School Mines
Oxford, UK England/Parsons Reilinger/McClusky (MIT)
U Newcastle, UK King Bindschadler (GSFC) 

Anandakrishnan (Penn State), 
Joughin (U Wash)

Table 9. Foreign GAMIT/GLOBK Users with U.S. Collaborations

ing Committee and the E&O Director have developed 
a strategic plan that includes a mission statement, goals, 
and a rationale for selecting audiences and activities 
(http://www.unavco.org/edu_outreach/about/docs/
EOSC_8-06.pdf ). Th e E&O

Standing Committee meets twice a year with some 
additional conference calls to discuss progress, priorities, 
and new directions, and the Chair of the Standing com-
mittee then presents an overview at each Board meeting. 
UNAVCO’s E&O group has been able to raise funds 
thanks to several successful independent E&O proposals 
to NSF or collaborative proposals with our community.

One goal of UNAVCO’s E&O group is to build a 
sustainable program. To date, the best model is one of 
multiple funding streams that provide resources for the 
E&O Program. In less than three years, UNAVCO has 
built a program that works closely with the community 
scientists to build resources into community and indi-
vidual PI proposals. Th e work within these individual 
projects (Figure 26) is closely aligned with UNAVCO’s 
mission and the goals of the E&O program.
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Figure 26. Chart illustrating the variety of ‘external’ funding to support programs in E&O. Th is funding is 
in addition to funds from the Cooperative Agreement for participant support and in addition to headquarters 
support for the program.

Th e salaries of the E&O Director and of the Outreach 
Specialist are paid out of headquarters’ budget. In 2007-
2008, 15% of the E&O Director’s salary is paid from 
EarthScope E&O funds, and time allocated to specifi c 
workshop development is funded through individual 
projects. Th e Education Specialist’s salary is funded 
from the community-led grant to maintain the western 
network during the PBO MRI period (PBO Nucleus). 
Th is position will be funded for the period 2008-2013 
through PBO Operation and Maintenance.

An NSF GEO-Opportunities for Enhancing Diversity 
in the Geosciences grant provides partial funds for the 
Research and Education in Solid Earth Science for Stu-
dents (RESESS) program. Th ese funds are augmented 
through institutional support from UNAVCO and IRIS. 
RESESS has obtained one additional intern with as-
sociated administrative costs from funds associated with 
community polar projects. Individual PI research grants 
have provided fi eld support for individual RESESS 
interns, and increasing this partnership with community 
scientists will help provide a sustainable program in the 
2008-2013 period and beyond. Funds are requested 
in this proposal for $20,000 annually to provide insti-
tutional support from UNAVCO for this important 
program.

Funds for professional development workshops are 
funded through community grants such as the PBO 
Nucleus and from individual E&O grants. In addition 
to these funds, from mid-2007 through early 2008, 
over $82,000 from two workshop grants were funded 
through NSF-EAR.

Th e above description gives examples of how UNAVCO 
has grown a sustainable E&O program. Future plans 
for 2008-2013 depend on maintaining this model of 
multiple funding sources along with UNAVCO provid-
ing some core funding through this proposal. In this 
proposal we are requesting funding in the form of partic-
ipant support for the 1) UNAVCO Science Workshop, 
2) institutional support for RESESS 3) certain courses 
within the UNAVCO Short Courses Series including 
student scholarships, 4) a Master-Teacher-in-Residence 
and Faculty-in-Residence Program, 5) the Members 
business meeting at fall AGU and 6) travel for the Facil-
ity and E&O Standing Committee meetings.

PROGRAM EVALUATION
One of the major goals of the UNAVCO E&O pro-
gram is to build a sustainable community of UNAVCO 
scientists and educators engaged in education and 
outreach. Evaluation is an essential method of building 
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such a program. Our two major projects (RESESS and 
PBO Nucleus) have awarded funds to pay for a formal 
external evaluation plan. For the small numbers of par-
ticipants in RESESS, interviews with interns, mentors, 
and administrative staff  address questions of the program 
having enhanced interest in the scientifi c discipline 
of geoscience; facilitated enrollment of students from 
under-represented groups in the program and in gradu-
ate school; promoted interns’ socialization into the sci-
ence community including the enhancement of research 
and writing skills; and increased the understanding and 
appreciation within the UNAVCO and broader geosci-
ence community of the value of the RESESS program.
Th e PBO Nucleus project focuses on developing cur-
ricular materials using the data and science stories of the 
UNAVCO community. For Middle/Secondary Earth 
Science teachers, some evaluation questions include: 
how well did teachers understand workshop material; 
which workshop materials did teachers use, to what ex-
tent, and how did they use them; and if they did not use 
the workshop materials, why? For scientists contributing 
to or using the materials, some questions are: what roles 
did scientists take in the project, with what motivations, 
and what did they accomplish through these roles; how 
did scientists benefi t from participating, and what costs 
(or failures to benefi t) did they incur; what are their 
views of educational outreach in connection with their 
research program; and how did they change over time 
during the project? Th ese questions are being answered 
through collection of data in workshops by UNAVCO 
E&O staff  and through interviews of teachers and scien-
tists by external evaluators.
Th ese types of formal evaluation are well established 
within the educational fi eld and are the most eff ective 
way to measure the quality of our program. UNAVCO 
can use this formative and summative assessment to see 
whether we are making a real impact on our audiences 
and stakeholders.
A second form of evaluation is continuous assessment 
of our work plan. Th e one -year work plan is analyzed 
to see if we have achieved our objectives. Th is review is 
used to assess the viability of our plan and the ability 
of the staff  to achieve short to medium term goals; to 
report to the Education and Standing Committee and 
the UNAVCO Board of Directors on our progress; to 

make sure the plans are revised with the latest informa-
tion and assessments; and to take corrective action when 
warranted. Th is work plan is reviewed at each Board 
meeting and at each meeting of the UNAVCO E&O 
Standing Committee.
Finally, we have established metrics and planned quanti-
tative outcomes for the program and individual projects 
and activities. Figure 9 in the Supplementary Documen-
tation shows our impact on teachers, faculty, scientist/
researchers, interns, and short course participants. Th e 
purpose of these metrics is to prudently measure and 
assess the growing impact of the UNAVCO Education 
and Outreach Program within the educational and 
scientifi c landscape. By meeting these objectives, we 
will successfully inform and involve a larger number 
of people in solid Earth science and its applications to 
society.
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APPENDIX OF ACRONYMS

AFREF Africa Reference Frame
ALSM Airborne Laser Swath Mapping
AMCS Antenna and Multipath Calibration System
ASCII American Standard Code for Information Interchange
BARD Bay Area Regional Deformation
BARGEN Basin and Range Geodetic Network
BINEX Binary Independent Exchange Format
CDDIS Crustal Dynamics Data Information Service
CISN California Integrated Seismic Network
CODE Center for Orbit Determination in Europe
CSR Center for Space “Research,” University of Texas
CSRC California Spatial Reference Center
CU University of Colorado 
DC Direct Cost 
DOE Department of Energy
DSN NASA Deep Space Communication Network
E&O Education and Outreach 
EAR NSF Division of Earth Sciences
ESSEA Earth System Science Education Alliance
ETS Episodic Tremor and Slip 
FE Field Engineer  
GALILEO (not acronymn) European Global Navigation System
GAMIT/GLOBK MIT’s Precision GPS and Analysis Software
GDGPS  NASA Global Diff erential GPS System
GEO NSF Geosciences Directorate
GeoEarthScope Geology components of EarthScope 
GEON Geosciences Network 
GEONET GPS Earth Observation Network System
GGN Global GNSS Network 
GGOS Global Geodetic Observing System 
GIA Glacial Isostatic Adjustment 
GLOBE Global Learning and Observations to Benefi t the Environment
GLONASS Russian GLObal NAvigation Satellite System
GNET NSF Greenland Network Project
GNSS Global Navigation Satellite Systems 
GPS Global Positioning System 
GPSVEL GPS Velocity Project 
GRACE Gravity Recovery and Climate Experiment
GSAC GPS Seamless Archive Centers
GSN Global Seismic Network
GSRM Global Strain Rate Model 
HTTP Hyper Text Transfer Protocol
HVO USGS Hawaiian Volcanoes Observatory
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IC Indirect Cost  
IDA  International Deployment of Accelerometers Project
IF NSF Instrumentation and Facilities Program
IERS International Earth Rotation and Reference Systems Service
IGPP Institute of Geophysics and Planetary Physics
IGS International GNSS Service 
IGSCB International GNSS Service Central Bureau at JPL  
InSAR Interferometric Synthetic Aperture Radar 
INTERFACE (INTERdisciplinary alliance for digital Field data ACquisition and Exploration
IP Internet Protocol  
IPY International Polar Year  
IRIS Incorporated Research Institutions for Seismology 
ITR NSF’s Information Technology Research 
ITRF International Terrestrial Reference Frame
JPL Jet Propulsion Laboratory  
L2C  A new frequency to be broadcast from GPS satellites
LDGO Lamont-Doherty Geological Observatory  
LEO Low Earth Orbiter  
LiDAR Light-Imaging Detection and Ranging  
MIT Massachusetts Institute of Technology  
MREFC NSF’s Major Research Equipment and Facilities Construction
MSL Mean Sea Level  
NASA National Aeronautics and Space Adminstration 
NASA-ESI NASA Science Mission “Directorate,” Earth Surface and Interior Focus Area
NCALM National Center for Airborne Laser Mapping 
NCEDC Northern California Earthquake Data Center 
NGS National Geodetic Survey  
NNR-NUVEL No-Net-Rotation Northwestern University plate VELocity Model 1
NSF National Science Foundation  
MREFC Major Research Equipment and Facility Construction
MRI NSF’s Major Research Infrastructure  
NSF-EAR NSF Geosciences “Directorate,” Earth Sciences 
NSF-OPP NSF Offi  ce of Polar Programs
Nucleus NSF Nucleus Project 
O&I Facility Operations and Infrastructure Group 
O&M Operations and Maintenance  
OPP NSF Offi  ce of Polar Programs 
PANGA PAcifi c Northwest GPS Array
PASSCAL One of two major instrumentation programs of IRIS 
PCV Phase Center Variation
PBO Plate Boundary Observatory  
PEM Project Element Manager  
PI Principal Investigator
POLENET NSF Polar Network Project 
QC Quality Control or Quality Check  
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RAID Redundant Array of Independent (or Inexpensive) Disks
REASoNS NASA’s “Research,” Education and Applications Solutions Network
RESESS Research and Education in Solid Earth Science for Students
RINEX Receiver Independent Exchange Format 
(RTK) Real-time kinematic GPS
SAFOD San Andreas Fault Observatory at Depth
SCEC Southern California Earthquake Center 
SCIGN Southern California Integrated GPS Network 
SENH NASA’s Solid Earth and Natural Hazards Program
SINEX Solution Independent Exchange Format
SIP  U.S. Antarctic Program Support Information Packet 
SIO Scripps Institute of Oceanography
SLR Satellite Laser Ranging
SNARF Stable North American Reference Frame
SOPAC Scripps Orbit and Permanent Array Center
SOW Statement of Work
STEM Science, Technology, Engineering, and Mathematics
TEQC UNAVCO Translate, Edit and Quality Check Software
TLS Terrestrial Laser Scanner
TOPEX NASA Ocean Topography Experiment Satellite
UAF University of “Alaska,” Fairbanks
UNAVCO (A “name,” not an acronym)
USArray US Seismic Array
USCS UNAVCO Short Course Series
USGS US Geological Survey
VLBI Very Long Baseline Interferometry
VSAT Very Small Aperture Terminal
WBS Work Breakdown Structure


