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Geodesy Advancing Geosciences and
EarthScope:
GAGE Annual Project Report

Year 1 reporting period: 01 October 2013 - 30 June 2014
0. Introduction (Miller)
This annual report is for the 1st year (GAGE Y1) of the 5-year UNAVCO Cooperative Agreement 2013 –
2018 UNAVCO Community Proposal Geodesy Advancing Geosciences and EarthScope (EAR –
1261833). The Facility, through this Cooperative Agreement (CA), provides engineering, equipment
and data services that support research projects for investigators using a spectrum of geodetic
techniques to conduct scientific investigations that include the study of earthquake processes, mantle
properties, active magmatic systems, plate boundary zone deformation, intraplate deformation and
glacial isostatic adjustment, global geodesy and plate tectonics, atmospheric science, global change,
polar science, and hydrogeodesy. These projects are NSF-EAR, NSF-PLR Arctic and Antarctic, and
NASA-funded and include individual Principal Investigator (PI) projects, as well as large
interdisciplinary collaborative / community projects for shared infrastructure and open data sets. such
as AfricaArray, GNET, COCONet, and POLENET, and the larger multi-disciplinary, multi-agency
EarthScope project and its imaging and campaign GPS components.
2014 marks UNAVCO’s 30th year, one in which community and staff celebrated the extraordinary
emergence of powerful new geodetic technologies that has transformed subdisciplines within every
major area of geosciences. UNAVCO has played an important role in advancing geodesy innovation for
science. Since 1984, university partners have shared geodetic instrumentation and data, and have
collectively operated facilities under the auspices of UNAVCO, to support geodesy research with lead
sponsorship and core funding from NSF and NASA. UNAVCO’s organizational home and management
structure have evolved to meet the needs of scientists and sponsors. Over the years, additional support
from NOAA, USGS, and others have expanded UNAVCO’s reach and leveraged the core investments.
In 2001, the academic consortium established UNAVCO, Inc. In 2003, the newly formed independent
non-profit organization undertook the construction and operation of Plate Boundary Observatory
(PBO - the geodetic component of EarthScope) and transitioned support of investigator science by the
UNAVCO Facility to the new management structure. For the last 11 years, UNAVCO Inc. has supported
the scientific community, with the development, installation, and maintenance of geodetic networks,
hardware, software, a free and open data archive, data products, cyberinfrastructure, and the necessary
technical expertise to further cutting edge scientific research in this transformational field.
Geodesy, at its center, is a global science. UNAVCO has played an important role in the U.S.
contributions to the international collaborations required to realize the modern terrestrial reference
frame. Recent cyberinfrastructure projects are also reaching across the continents including
COOPEUS, which builds a framework for a sustainable, transatlantic cooperation in the field of
environmental research infrastructures and EarthCube. UNAVCO staff members are also part of the
governance and working groups of the International GNSS System, and participate in the European
Geophysical Union, WEGENER, and the Scientific Committee on Antarctic Research (SCAR). Several
new technologies are also driving growth at UNAVCO, both for direct measurement of deformation
and for geodetic imaging. UNAVCO’s TLS field engineering and instrument support has matured and
operates as a vibrant core activity, although full integration into core funding continues to pose
challenges. High-rate, low latency (“real-time”) GPS continues to drive a broad, expanding, and
demanding set of applications. Further innovations are seeded by ground-based interferometric radar,
autonomous observing platforms for optical observations, formal integration of GPS and InSAR as the
new generation of satellites is launched, and many others.
This annual report presents the highlights, activities, and performance metrics for Year 1 of the GAGE
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award. To assure timely submission, and because the report must be approved prior to the actual year
end, the included metrics roll up Y1Q1-3. The narrative may also report on events from Y1Q4. Next
year, the GAGE Y2 Annual Report will present the complete Y1 metrics and Y2Q1-3.

1. The UNAVCO Community and Consortium
1.1 THE UNAVCO CONSORTIUM
UNAVCO, a non-profit, university-governed consortium, facilitates geoscience research and education
using geodesy. The consortium includes 107 US academic Members, nearly all of which are degreegranting institutions, that participate in its governance and science community (Figure 1-1). Another
93 Associate Members include organizations that share UNAVCO’s purpose at home and abroad,
giving UNAVCO global reach in advancing geodesy (Figure 1-2).

Figure 1-1 (left): UNAVCO Membership profile. Universities and affiliated research organizations make
up UNAVCO’s governing membership. Carnegie classifications demonstrate the UNAVCO
membership’s institutional diversity and reach, including major research universities, comprehensive
Master’s granting universities, as well as a growing base of selective liberal arts colleges with researchactive faculty and students. Participation by Minority Serving Institutions has steadily increased.
Expanded activities in hydrogeodesy and terrestrial laser scanning have broad application and are
expected to lead to continued growth and diversification.
Figure 1-2 (right). UNAVCO Associate Member profile since incorporation. Institutions are found on
every continent except Antarctica, although UNAVCO investigators and staff are also active there. The
Associate Members share UNAVCO’s purpose and form a global community for scientists who may
otherwise be geographically or professionally isolated. This community engages in international
partnerships essential to the advancement of global geodesy.
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Highlight:
Celebrating 30 years of UNAVCO - The 2014 Science Workshop
The 2014 UNAVCO Science Workshop was held in Broomfield, Colorado on 4-6 March 2014 with a
theme of Celebrating Thirty Years of Geodesy Innovation for Science. This biannual workshop brings
together the UNAVCO community to share advances in geodesy-related research and education. Over
240 participants attended including 19 students whose travel was supported by the UNAVCO GAGE
Facility.

Figure 1-3: The participants of the 2014 UNAVCO Science Workshop
Six plenary sessions focused on emerging areas of science examining recent scientific discoveries,
projections of future science directions, and education and broader impacts. Invited presenters spoke
about: Coastal subsidence and sea level rise; Large scale computing constrained by geodesy; Exploiting
dense geodetic data; Mixing it up: Geodesy, seismology and real-time monitoring; Geodesy and the
cryosphere; and Regional response to great earthquakes. A total of 26 presentations were given by
community members. An addition 76 posters were presented during the three days. Guest speaker
Byron Tapley, Director of
the Center for Space
Research and Professor of
Aerospace Engineering at
the University of Texas at
Austin, provided a historical
narrative
of
geodesy
intertwined with a history of
the space program that
provides support for the
GPS satellite constellations.
Figure 1-4: Byron Tapley, Keynote Speaker for the 2014 UNAVCO Science Workshop
Two short courses offered during the Science Workshop trained 70 people in theory and methods of
Strainmeter and Hydrogeodesy. The “enGAGE with UNAVCO” interactive featured demonstrations of
classroom activities for teaching strain and an up-close look at a GPS antenna and Terrestrial Laser
Scanner (TLS), as well as a display of one of the three TI-4100 Navstar Navigation System GPS receiver
with a slideshow of historical photos. A field trip tour of the Fourmile Canyon demonstrated the use of
Terrestrial Laser Scanning to examine impacts from the September 2013 floods. The Expanding
Networks through Mentoring (E-NET) program formally connected graduate students and early career
professionals with established researchers in the UNAVCO Community.

1.2 UNAVCO SCIENCE COMMUNITY
While UNAVCO consortium boasts 200 institutional members and associate members, its community
comprises the scientists, educators, and other professionals who are committed to its mission, and use
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its resources. Well over 1,000 individuals from around the world formally interact with UNAVCO on
an ongoing basis through its scientific collaborations, governance, science planning coordination,
engineering services, information services, and its Education and Community Engagement program.
1.2.1 Community Publications
The geodesy community publication database is a compendium of science and education publications
that have referenced UNAVCO, used UNAVCO equipment or services, or used the UNAVCO-supported
NASA Global Navigation Satellite System (GNSS) Network (GGN), including data from EarthScope
and the Plate Boundary Observatory. Figure 1-5 presents current and historic data. Publications that
mention UNAVCO or those of its projects that have distinctive search terms are presented by number
of publications each year and the number of unique journals each year. The first directly links the work
to UNAVCO; the second charts the growing sub-discipline diversity of UNAVCO-supported science.
Yet papers based on this search are known to be a fraction of the very great body of literature that
either directly relies on UNAVCO services without sponsor-required acknowledgement, or work that is
made possible by UNAVCO in a less visible role. For instance, every global GPS survey relies on
fundamental tools like teqc (developed and supported at UNAVCO) or the ITRF (supported by
UNAVCO upgrades and maintenance of GGN and other key GPS/GNSS stations, by UNAVCO support
for coordination of the IGS, etc.) or modeled on UNAVCO-developed technologies (such as the recent
national network developed by China, after numerous visits and technical exchanges with UNAVCO
and close modeling on PBO).
We have developed a more comprehensive metric, to identify all publications that leverage UNAVCO
services and products, even if UNAVCO is not explicitly acknowledged. The search uses a larger set of
tested criteria in an attempt to capture every high-precision global geodesy paper that relies on these
UNAVCO fundamentals. The search yields a proxy metric for growth in geoscience applications for the
technologies that UNAVCO supports. The criteria have been refined to minimize spurious results, for
instance by only searching a restricted set of subjects and carefully constructed word associations. We
expect that in the nearly 1,000 publications found, some outlier papers are included, and some worthy
papers are missed. Nonetheless, this metric provides us with a stable and objective proxy of the growth
trend in the reach of UNAVCO work. Because the numbers are so large, they are plotted as 10s of
publications each year. The complex nature and wide scope of UNAVCO work precludes differentiation
of the publications supported specifically by the GAGE award.
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Figure 1-5. UNAVCO Geodesy Community Publications.
1.2.2 Publications, Abstracts, and Other Products Created by UNAVCO Staff
Publications and conference abstracts by UNAVCO staff are available in research.gov. In addition,
UNAVCO staff produced other materials in service to the community including data DOIs, technical
documents accessible to the community via the Knowledge Base, and web Highlights and Science
Snapshots (Table 1-1).
Table 1-1. GAGE Facility products; award to date.
GAGE FACILITY PRODUCTS
Datasets Published by DOI
Knowledge Base Documents Created
Knowledge Base Documents Updated
Highlights Published
Science Snapshots Published

GAGE to Date
553
15
43
26
7

1.2.3 Broader Impacts for Community, Governance and Management
UNAVCO Websites. UNAVCO staff manage multiple websites in service to the community. Websites
are accessed by the UNAVCO community, broader science community, educators, students and the
general public (Table 1-2). UNAVCO websites are managed by the Web Team (Web Editor in Chief and
Web Administrators), Section Editors, and staff subject matter experts who contribute web content.
Content for the seven main sections of the primary UNAVCO website (Community, Projects,
Instrumentation, Data, Software, Science, and Education) are the responsibility of seven Section
Editors. A primary effort this reporting period was the UNAVCO Web Integration Project. This effort
combines three disparate UNAVCO web presences, i.e., www.unavco.org, pbo.unavco.org, and
facility.unavco.org, into one cohesive website under www.unavco.org, to better reflect the GAGE
Facility and its activities.
Table 1-2. GAGE to date activity for the primary UNAVCO websites. The number of users metric
quantifies the number of different site visitors. Total number of sessions quantifies the number of visits
to the website separated by > 0.5 hr. Number of “page views” quantifies the number of individual pages
viewed.
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WEBSITE IMPACTS
Number of Users
Number of Sessions
Page Views

GAGE to Date
183,676
267,567
615,761

UNAVCO provides web support to EarthScope through maintenance of the primary EarthScope
website (www.earthscope.org). The EarthScope website received routine updates and several new site
projects were supported including the 2014 Speaker Series and the new Earthscope Institute:
Geochronology and the Earth Sciences Short Course.
UNAVCO Outreach and Impacts. UNAVCO outreach activities are conducted by UNAVCO staff across
all programs. Staff regularly interact with the public, stakeholders, National Park Service staff, schools,
and other similar groups. Table 1-3 summaries the numbers of events conducted and Table 1-4
summarizes individuals reached. Large event visitors include visitors to the PBO/GPS museum display
at the Hatfield Marine Science Center and interactions at the USA Science and Engineering Festival.
Other interactions are of higher duration and impact, but smaller overall in number.
UNAVCO makes a substantial investment in participation in the annual meetings of GSA and AGU
both in the form of presentations and an exhibit booth. The exact number of interactions is difficult to
document. Attendance at at the GSA annual meeting is typically over 5,500 and the AGU Fall Meeting
is on the order of 24,000. Interactions include community members, other scientists, researchers and
students.
Table 1-3. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE).
OUTREACH: ACTIVITIES (QTY)
GAGE to date
Short Courses

4

Workshops and Outreach Events

44

Internship Programs

2

Table 1-4. Number of people reached through the activities identified in Table 1-3, organized by
audience. Researchers and research faculty include non-teaching faculty and researchers; college and
university faculty include tenure and non-tenure track faculty. Other Professionals include anyone
participating in activities for professional growth and development, who do not fall into one of the
other professional categories. Examples of Other Professionals include Emergency Managers, Park
Interpreters, Federal Agency staff, and Sponsors, among others. Large event visitors are individuals
visiting museum displays and conference exhibit booths.
OUTREACH: INDIVIDUALS REACHED (QTY)
GAGE Y1Q3
Researchers + Research Faculty

126

University + College Faculty

226

Post-docs

18

Graduate Students

124

Undergraduate Students

154

Public / K-12 Students

172

K-12 Faculty

180

Other Professionals

347

Large Event visitors

75,637
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2. Geodetic Infrastructure Program
2.0 GI Program Highlight for GAGE Y1
During the early summer of
2014, with high-elevation
GPS stations melting out of
the snow and the weather
becoming milder, the PBO
Alaska region began annual
helicopter-based
maintenance operations. The
seven week Alaska helicopter
work plan included stations
with locations scattered
across
from
Southeast
Alaska out west to the
Aleutian Arc and up north to
Denali National Park and
Fairbanks. Maintenance to
the three PBO Alaska
volcano networks is a high
priority for helicopter-based
fieldwork each year. This
year, we were especially
interested in ongoing lowlevel eruptive activity and an orange or “Watch” alert level at Shishaldin Volcano, Unimak Island (the
first and easternmost island volcano in the Aleutian archipelago). At the start of the field season, two
tiltmeter failures had occurred on Shishaldin, so ameliorating this situation was a high priority for
UNAVCO engineers. Unimak Island is notorious for curious/hungry/nuisance bears attempting to dig
out the edible components from solar panels, GPS monuments, and/or tiltmeter casings.
Unfortunately, PBO Shishaldin Volcano sites AV37 and AV39 tend to be favorite targets. Ryan Bierma
(PBO) and Dane Kentner (Alaska Volcano Observatory) made visits to both stations, repaired the bear
damage and replaced one tiltmeter to enable tiltmeter data collection at both sites. The volcano was
fairly quiet as the crew worked nearby, but they did see evidence of recent ash emissions near the
summit. The photo above shows dark ash-covered snow near the summit of Shishaldin Volcano in the
Aleutians is evidence of ongoing low-level eruptive activity near the PBO AV37 GPS station.

2.1 OVERVIEW
The GI UNAVCO program integrates all geodetic infrastructure and data acquisition capabilities for
continuously operating observational networks and shorter-term deployments. Supported activities
include development and testing, advanced systems engineering, the construction, operation, and
maintenance of permanent geodetic instrument networks around the globe, and engineering services
tailored to PI project requirements. The GI program coordinates closely with Geodetic Data Services
program (Section 3) to assure the highest standards of data quality control, integrity of metadata, ease
and transparency of data access for the UNAVCO user community, and to provide appropriate and
timely metrics on data usage for sponsors. Major projects currently supported by the GI program
include the 1,112 station Plate Boundary Observatory (PBO), Polar networks in Greenland and
Antarctica (GNET and ANET, together known as POLENET), COCONet spanning the Caribbean plate
boundary, the multi-disciplinary AfricaArray, and several other smaller continuously observing
geodetic networks.
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2.2 COMMUNITY AND CONTINUOUSLY OBSERVING NETWORKS
2.2.1 Plate Boundary Observatory and Related Projects

Figure 2-1. Map of the NSF Plate Boundary Observatory, the geodetic facility of EarthScope, which
includes ~1100 cGPS, 78 BSM, 6 LSM, 26 tiltmeter, and 126 surface met stations.
UNAVCO operated and maintained the following instruments this period as part of the PBO network:
● 1127 permanent GPS stations (1100 PBO core, 27 other)
● 75 borehole strainmeters (74 PBO core, 1 NSF Continental Dynamics)
● 79 borehole seismometers (78 PBO core, 1 NSF Continental Dynamics)
● 23 borehole pore pressure sensors
● 25 shallow borehole tiltmeters (out of 26 possible holes)
● 6 long baseline laser strainmeters
● 145 meteorological stations (118 core, 27 NOAA)
● 430 real-time GPS stations (391 PBO core, including 282 stations upgraded as part of the NSFfunded ARRA Cascadia initiative)
2.2.1.1 cGPS Network
The PBO cGPS operations and maintenance was busy and productive throughout GAGE Y1, despite
curtailments that resulted from cuts to GAGE Y1. Within the allocated resource base, we were unable
to proceed with the RTGPS upgrades, and routine maintenance schedules and battery replacement
were eliminated to meet budget constraints while maintaining capacity to respond to state of health
and acute data losses. The Alaska field season was completed successfully with a mix of helicopter and
other-access operations, in order to optimize network operations as the USArray becomes established
in Alaska. A slow downward trend in data return across all of PBO cGPS may reflect the combined
effects of aging instruments and the loss of proactive routine maintenance across most of the network.
PBO AK staff coordinated with colleagues at Alaska Volcano Observatory, Alaska Earthquake Center,
West Coast/Alaska Tsunami Warning Center, IRIS/Transportable Array, and U. of Alaska Fairbanks,
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to plan joint field activities for summer 2014, co-locate new equipment, and implement
communications-sharing at several locations to gain efficiencies.
PBO staff coordinated with the Data Products project manager and other GDS staff to support a
number of high-rate data downloads in response to several earthquakes: the 2014-06-23 M7.9
Amchitka Island earthquake, the Pisagua (Iquique) earthquake, and the Napa earthquake that will be
reported on in more detail in Y1Q4, as discussed in more detail in quarterly reports and in Section 3 of
this report.
In the southwest region, PBO staff focused on two initiatives above the planned response to
maintenance issues. These included the decommissioning of cellular modems by combining and
expanding radio networks in order to increase bandwidth and reduce recurring communication costs.
The second area was the completion of collaborative work with Scripps, testing equipment,
implementing repairs and hardening communications for sites with the MEMS accelerometer geodetic
module. Part of the project included an upgrade of the Borrego Springs VPN (7 sites) to high
bandwidth 5.8GHz radios with transfer rates improved 8x.
PBO regional managers and engineers completed a comprehensive assessment of GPS network
attributes to assess performance and cost for each station. Characteristics such as transfer rates,
accessibility, communications capabilities, and permit fees were included in the compilation. These
data are essential to inform PBO management about how best to deploy resources and to develop a
more detailed context to evaluate scope and cost in prioritizing the ongoing activities of PBO under
GAGE. The initial results of this effort will inform the upcoming Q4 NSF-sponsored community
workshop to review the “Future of PBO in GAGE through 2018 and beyond.
For community networks outside of PBO, 22 of 25 TLALOCNet sites reconnoitered. The remaining
three island sites will be attempted from remote reconnaissance to save time and money. The first four
TLALOCNet stations (three in Sonora, one in Chihuahua) will be operational in early Q4 and an
additional three stations (Puebla, Oaxaca and Chiapas) are planned to be operational by the end of Q4.
Additional information and activities are available in the quarterly reports.
2.2.1.2 Borehole Geophysics
Borehole Geophysics has continued to thrive over the course of Y1 with continued operations,
maintenance, new installations, and cross training.
Borehole Geophysics staff completed the final installation and replacement strainmeter and
seismometer at Norris in Yellowstone, that was installed in the fall, brought online in February and the
tiltmeter in June. It is operating well and has passed initial metrics.
GPS operations in Yellowstone National Park were resumed during May, for the upgrade of telemetry
at the Lake GPS station and data quality improvements to several borehole strainmeter stations. Other
activities included upgrades to a radio link on the Nevada/Utah border with newer 2.4 GHz
technology.
Other activities include upgrades to power, communications, and staff development of an iPhone app
for field engineers to manage metadata and station state of health information. The Borehole
Geophysics team created a budget scenario calculator to help optimize scope under possible future
funding scenarios and in preparation for PBO workshop in September of 2014.
UNAVCO received notice of intent to fund a DOE proposal with Larry Murdoch at Clemson, which
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includes UNAVCO engineering effort to install a BG in Oklahoma and to develop new ways of to
remove hydrologic signals toward improved monitoring of CO2 sequestration reservoirs.
Two highlights for Borehole Geophysics during GAGE Y1 stem from PI projects that have come
forward. As part of CU GeoGONAF project, the first borehole geophysics installation of strainmeter on
Buyukada, an island offshore Istanbul in the Sea of Marmara, Turkey at 95 m depth was successfully
completed in August. Please see quarterly reports for additional details.
2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego
UCSD operates and maintains six long baseline laser strainmeter (LSM) instruments for the PBO
network through a subaward administered by UNAVCO. UCSD also analyzes the data from these
instruments and delivers LSM data products to UNAVCO as part of this award. The Glendale LSM
(GVS) recorded the 2014-03-29 M5.1 La Habra, CA earthquake on the Puente Hills thrust fault.
Earthquakes on this structure are a major concern for those responsible for monitoring and reporting
on seismic events in the Los Angeles metropolitan area.
2.2.1.4 PBO Network Data Return and Data Quality
The PBO network data return target is 85% for all data types except for tiltmeter observations; in
contrast, tiltmeter data return is not held to the same objective standard as the other sensors, but
rather these data are obtained on a best effort basis. The summary for all PBO sensor types is shown in
Table 2-1. The time series for data return percentage since the beginning of the initial 5-year
PBO/SAFOD O&M award (EAR-0732947) is shown in Figure 2-2. To date, all PBO data types exceeded
the data return target.
Table 2-1. PBO network cumulative data return percentage for quarter and since beginning of PBO
O&M.
Pore
Borehole
Laser
Period
Target
GPS
Seismic
Tiltmeter Pressure
Strainmeter
Strainmeter
Cumulative
since 2008-10
85%
99%
96%
98%
100%
86%
92%

Figure 2-2. PBO network data return percentage from 01 October 2008 through 30 June 2014.
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2.2.1.5 Real Time GPS Network Operations
The average completeness across the UNAVCO RT-GPS network was 83.6% for each month of the
GAGE Y1Q3. These values are comparable to those seen in GAGE Y1Q1 and Y1Q2. The median latency
across the network throughout the Q3 ranged from 221 to 231 milliseconds milliseconds with 25% of
the network typically having latency less than 166 ms and 75% of the network having latencies around
565 milliseconds. The spread in latencies does not vary much over the Y1Q3 or network. Please see
quarterly reports for additional details.
2.2.2 Field Support for the NASA GGN
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 62
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN). UNAVCO staff
monitor station network connections, ship replacement equipment to site operators as necessary, and
construct new permanent sites as directed by JPL. UNAVCO staff work closely with local collaborators
at each station for routine maintenance and troubleshooting data flow interruptions, and perform field
maintenance and upgrades.
A total of 75 receivers are monitored in the GGN because 13 stations have two receivers connected to
the same antenna. Currently, 57 GGN stations are fully operational and provide daily files to the
geodetic user community. Two are in the process of being repaired due to data communications
failures, but are otherwise healthy and data will be recovered when communications have been
restored. Three stations have suffered computer failures. New computer equipment has been shipped
to these sites and this new equipment will be installed soon.
See quarterly reports for additional details.
2.2.3 Polar Projects: POLENET
POLENET support is a year-round effort for the UNAVCO Polar team. With telemetered cGPS
networks in Greenland and Antarctica, the cycle of monitoring, planning, preparation and field work
is continuous and ongoing. For the Antarctic, ANET, support has been directed at the ongoing
monitoring and data flow management of Antarctic sites. The five new sites that were installed during
the 2013-2014 field season as part of a renewal of the ANET award and expansion of the original
network, are operating as expected. The new sites brought the total number of core ANET sites to 42.
LARISSA (LARson Ice Shelf System), a sister network operating on the Antarctic Peninsula, added one
more site during this period for a total of ten full time, telemetered stations. Planning and preparation
is underway for the next ANET field season, wherein most sites will be visited, with priority given to
those most requiring maintenance or upgrades. The average cumulative ANET data recovery,
measured by data that reaches the UNAVCO archive, is currently at 88.5%.
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Figure 2-3. Continuous GPS sites supported by UNAVCO for NSF-PLR investigators. Actual values are
shown from 01 January 2004 through 30 June 2014. Projected values originally forecast in the GAGE
proposal are shown for 01 January 2014 through December 2014. As expected, the number of stations
supported grew continuously through 2014.
2.2.4 Support for Other Community Networks
GPS PI Network Engineering
UNAVCO provides operations and management (O&M) support at various levels to 770 continuously
operating GPS stations in 49 different networks, which were installed in support of a NSF-supported
PI project. Many of these stations continue to operate beyond the funding period of the original
project. The O&M support includes data downloading, state of health monitoring and reporting,
resolving communications and equipment issues, shipping replacement equipment, and working with
PIs and local contacts to resolve problems. UNAVCO, working closely with PI’s and their collaborators,
provides this O&M support at three broad levels (the number of projects supported in parentheses
below):
●

●

●

High– UNAVCO provides centralized O&M support that may include retrieving the data,
monitoring station data flow, and proactively responding to problems with data flow or station
hardware. Problems are fixed remotely working with collaborators if necessary. If maintenance
trips or materials are required for O&M, these are funded by the PI’s project.
Medium– PI or collaborators download the data from the stations, monitor station data flow,
and handle most problems themselves. UNAVCO provides engineering and technical support
on a request basis. Any UNAVCO Engineering maintenance trips and materials required for
O&M are covered by the PI’s project.
Low– UNAVCO provides only archiving support and a low-level of technical support.
UNAVCO does not monitor or download data from the stations. UNAVCO provides
engineering and technical support on a request basis.
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Figure 2-4. Continuous GPS sites supported by UNAVCO for NSF-EAR investigators. Actual values are
shown from 01 January 2004 through 30 June 2014. Projected values originally forecast in the GAGE
proposal are shown for 01 January 2014 through December 2014. The number of stations supported
grew continuously through 2014 as expected, though total number and rate of growth was less rapid
than projected. Part of the reason for the difference between actual and projected values is the offset in
the metrics timescales (9 months of actuals vs. 12 months of projections). It is also the case that some
legacy stations have been decommissioned, reducing the total station count even as new stations were
added.

2.3 PI PROJECT SUPPORT
2.3.1 EAR PI GPS Project Engineering and Equipment Support
GPS PI Project Engineering & Equipment Support: NSF-EAR & Community
UNAVCO provides state-of-the-art GNSS equipment and engineering services to PI projects. This
includes project management, planning, installation, operations and maintenance of continuous,
permanent GPS/GNSS station networks around the globe. Engineers and technicians also undertake
technology development, testing, and systems integration to support new project demands.
GPS PI Project Support
In this reporting period, 16 PI individual projects (7 NSF-EAR, 5 NSF-Other, and 4 Community) were
supported by UNAVCO. UNAVCO staff was involved in proposal development, project planning,
network design, monument design, equipment preparation and installation, and establishing real-time
data flow. During this reporting period the engineering staff assisted the COCONet project with 5 new
cGPS installations. Additionally, UNAVCO supported 5 new PI proposals (3 NSF-EAR, 0 NSF-Other,
and 2 Community).
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Figure 2-5. NSF-EAR and community field projects supported by UNAVCO. Actual values are shown
from 01 January 2004 through 30 June 2014. Projected values originally forecast in the GAGE
proposal are shown for 01 January 2014 through December 2014.
GPS Instrument Pool
The UNAVCO GAGE receiver pool now consists of 653 GPS and GNSS-capable receivers with the
merging of the 100 EarthScope-PBO-designated Topcon instruments with the former UNAVCO pool
(Figure 2-14). This integration enables UNAVCO to better support PI projects. The receiver pool
consists of Topcon GB1000, and Trimble NetR9, NetRS and R7 receivers purchased by UNAVCO for
use as both campaign receivers and to support for specific NSF-EAR projects and thus are deployed in
semi-permanent installations. We augmented the receiver pool in GAGE Y1Q3 with an additional 20
receivers.
PI GPS Instrument Repairs
The GAGE Facility is an authorized Trimble repair facility. Since the introduction of the Trimble NetRS
and now up to the recent release of their latest GNSS product, the NetR9, the UNAVCO community
has purchased thousands of receivers through the UNAVCO-community purchase program. With this
program new receivers come with a five-year warranty with the stipulation that repairs are handled by
UNAVCO. UNAVCO continues to repair PBO, COCONet, TLALOCNet, and community receivers and
related instruments using a technician working under contract for UNAVCO.
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Figure 2-6. UNAVCO NSF-EAR receiver pool inventory from 01 October 2003 through 30 June 2014.
Note: the drop in 2006 is due the NSF-PLR pool no longer being included in the metric.

Figure 2-7. UNAVCO NSF-EAR receiver pool inventory. Actual values are shown from 01 January
2004 through 30 June 2014. Projected values originally forecast in the GAGE proposal are shown for
01 January 2014 through December 2014. The drop between 2006 and 2007 is due the NSF-PLR pool
no longer being included in the metric. In October 2013, the EAR and EarthScope pools were
consolidated into a single “GAGE” pool. The number of receivers has already surpassed the projected
number for 2014 due to a greater number of receivers being purchased than originally planned.
2.3.2 Polar Services
The UNAVCO Polar engineering team supports Antarctic and Arctic field seasons during the year.
Antarctic support during Q3 centered around early planning for the 2014-15 field season and ongoing
monitoring of PI cGPS networks operating on the continent. These sites include ANET and LARISSA.
At the other end of the globe, Arctic support in Q4 as the Polar team finished preparing and shipping
gear for an early airlift to Greenland.
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Figure 2-8. NSF-PLR field projects supported by UNAVCO. Actual values are shown from 01 January
2004 through 30 June 2014. Projected values originally forecast in the GAGE proposal are shown for
01 January 2014 through December 2014.

Figure 2-9. UNAVCO NSF-PLR receiver pool inventory. Actual values are shown from 01 January
2004 through 30 June 2014. Projected values originally forecast in the GAGE proposal are shown for
01 January 2014 through December 2014. The total number of receivers in the pool grew slightly in
2014 as expected, though the allocation of receivers to each subcategory varied slightly from
projections.

17

Currently there are 125 GPS receivers in the Arctic pool and 208 receivers in the Antarctic pool. Many
of these are deployed year round in support of continuous stations in Greenland and Antarctica.
2.3.3 Geodetic Imaging (TLS)
Geodetic Imaging activities during the GAGE Y1 included engineering support for PI projects, planning
support for PI proposals, education and outreach, and resource development. See figure below.

Figure 2-10. Number of TLS projects and proposals supported by UNAVCO. Actual values are shown
from 01 January 2008 through 30 June 2014. Projected values originally forecast in the GAGE
proposal are shown for 01 January 2014 through December 2014. The actual number of total projects
supported already exceeds the projected value for 2014. Of particular note is the actual number of NSF
EAR projects supported in 2014 is already greater than projected.
2.3.4 GI Project Support User Feedback Summary
UNAVCO solicits feedback from supported PIs on the UNAVCO project support experience and
provide usability metrics. PI are asked to comment on quality and effectiveness of technical support,
equipment and training, administrative support, and cost effectiveness. During this reporting period
24 PIs responded to the request for feedback.
Overall the responses were very positive. PIs felt that the engineers who supported their projects were
well-prepared and trained, communicated well, and were professional in providing training in field
techniques and instrumentation and providing other field operational support such as permanent
station maintenance and installation and TLS surveys. PIs are consistently pleased with the low cost of
UNAVCO project support indicating that it enables them to make most effective use of their time and
resources. The availability of state-of-the-art instrumentation, training and software is important to
the PIs. It was also noted that UNAVCO support enabled them to perform research that they could not
otherwise have done.
PIs recommended that it would be helpful if UNAVCO could provide more guidance to PIs on how to
set up POs and other contracting mechanisms in order to facilitate transfer of field project funds to
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UNAVCO. Not all the PIs or their institutions are familiar with this process. It was noted that there
were cases where equipment was either damaged in transit or found to be faulty upon use in the field
suggesting that UNAVCO has room to improve its pre-project quality control. In the case of GPS
equipment loan, one PI would have liked to have more extensive training to allow them to better
diagnose problems in the field. For TLS support PIs would like to see UNAVCO add different classes of
scanners such as very short range and long range instruments. They also would like to see additional
tutorials and workflows and access to additional specialized TLS processing software. UNAVCO is
reviewing these comments and recommendations in order to improve processes and access future
requirements. Some areas may require additional resources such as proposals for new TLS
instrumentation or advanced workflow development.

2.4 DEVELOPMENT AND TESTING
The GAGE Facility Development and Testing effort is staffed by 2.75 FTE at the Project Manager III,
Engineer III and Engineer II levels, and now also incorporates the PBO strainmeter and GPS testing.
Ad hoc contributions to individual D&T projects from other UNAVCO groups have been critical to the
effort, with individuals participating in projects of direct interest to their operational efforts. The
establishment of a Development and Testing Product Council has supported tuning efforts across the
organization with a focus on four areas: GNSS Systems (receivers and antennas), Data
Communications (radios, cellular and satellite), Power Systems (including batteries, solar charging
systems, and fuel cells), and Other Sensors (including borehole strainmeters, meteorological sensors,
and tide gauges). The ongoing development of teqc software and the implementation of server-based
real-time GPS positioning capabilities in close collaboration with GDS are important ongoing projects
undertaken by the D&T staff. D&T staff also completed diagnostics of a GLONASS malfunction that
coincided with the Mw = 8.2 Pisagua earthquake, and a new analysis of the PBO monumentation
stability experiment.

2.5 GI PROGRAM SUMMARY
The GI program has had a busy year with the planning and logistical efforts related to the challenging
borehole strainmeter installations in Turkey, the new cGPS/Met station installations in Mexico for
TLALOCNet, the continued efforts to complete construction of COCONet and HoustonNET.
Continuing O&M for the PBO GPS and BG networks remain a high priority and these tasks account for
much of the effort and resources available to the GI Program under the GAGE Facility. The installation
of the first of four GTSM/Seismic instrument packages along the Sea of Marmara segment of the North
Anatolian fault system was completed in August 2014. This was an extremely challenging installation
and the GI BSM team worked tirelessly with our German and Turkish partners to bring it to fruition.
The next major undertaking for the GI program will be the upcoming NSF-sponsored community
workshop to review the “Future of PBO in GAGE through 2018 and beyond.” The recommendations
from this workshop will have important implications for GI staff and the PBO operations budget
during the next fiscal year. We have initiated a process to obtain feedback from PIs that use UNAVCO
GI engineering and instrument resources. The overall number of responses was limited, but in general,
the feedback was extremely positive. We intend to improve the way in which we request and obtain
feedback from PIs during GAGE Y2.
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3. Geodetic Data Services Program
3.0 Geodetic Data Services Highlight
The full implementation of the GDS program in the
first year of GAGE culminated an initiative undertaken
in 2012 to integrate data operations, data products and
services, data management and archiving and
cyberinfrastructure developments into one program.
One part of this activity was a complete refactoring of
the UNAVCO website and consolidation of content and
access for data and data products under a single point
of entry. Figure 3-0 shows the contents of the “Data”
page including a section with general help with data as
well as access to GPS/GNSS, Imaging (LiDAR and
SAR), Strain, Tilt, Seismic, Tropospheric, and
Meteorological data organized by sensor type. Also
highlighted are new RestFUL web services and
UNAVCO Digital Object Identifiers (DOIs) for data that
enables better attribution of data and preservation of
provenance information. While work under the hood
will continue into year two of GAGE, the foundational
steps have been completed.
Figure 3-1. (right) In GAGE Y1, the UNAVCO website
was refactored to provide thematic organization to
primary
resources
(Community,
Projects,
Instrumentation, Data, Software, Science, Education).
Shown here is the Data section tab integrating PBO and
Facility data services and resources that were managed
separately prior to GAGE. In addition to providing
easier access to data and derived date products by
sensor type, recent additions include web services and
DOIs.

3.1 OVERVIEW
The Geodetic Data Services (GDS) program manages a
complex set of metadata and data flow operations
providing a wide range of geodetic/geophysical
observations to scientific and educational communities
Figure 3-2). Sensors currently include GPS (downloaded files and streaming real time (RT-GPS)),
borehole geophysics instrumentation (strainmeters, tiltmeters, seismometers, pore pressure and
meteorological sensors), long baseline laser strainmeters, and terrestrial laser scanners. Field data are
acquired either from continuously operating sites or episodic “campaign” surveys conducted the
community. UNAVCO also acquires and distributes satellite synthetic aperture radar (SAR) data from
foreign space agencies. GDS services include data operations (managing metadata; data downloading,
ingesting and preprocessing); data products and services (generating processed results and QA/QC
and state-of-health monitoring); data management and archiving (distribution and curation);
cyberinfrastructure; and information technology (systems and web administration). In order to
perform this mission, GDS maintains a technical staff, onsite and offsite computer facilities with
networking, servers and disc storage, and manages a number of subawards to university groups who
provide additional products, software and training.
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Figure 3-2. Geodetic Data Services work flow. The workflow for data systems, managed under GAGE
by GDS and its subaward partners, continues to evolve to further internal consistency and integration
of data workflow, improve robustness, accommodate growth and diversity of data and data products,
and facilitate better discovery, access and visualization. These developments are funded with core
GAGE and additional NSF and NASA project funding for Cyberinfrastructure enhancements including
EarthCube, COOPEUS, GEO Supersites, NASA ROSES ACCESS and other activities.
The Geodetic Data Services program collects and monitors 89 detailed and six key summary metrics.
These metrics include numbers of stations, data and derived data product volumes archived and
delivered, user metrics, and software downloads for data from all of the data different sensor types
managed by UNAVCO. These metrics are compiled and reported quarterly. The primary key summary
metric is the total archived data volume (Figure 3-3). The first year of GAGE marked a milestone with
the cumulative data surpassing 100 TB. Although only three quarters of a year have passed at the time
of this report, the actual volume of data has already exceeded projections made for the first full year in
the GAGE proposal. One measure of the usage of data is the number of users (Figure 3-4). All but SAR
data (which has user registration imposed due to constraints from contributing foreign space agencies
who provide the data) have anonymous access so a variety of means are used to compile statistics that
are representative of user numbers. The background level of users is ~2,000/quarter in prior years, a
number that was exceeded significantly in the second two quarters of GAGE.
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Figure 3-3. Cumulative total UNAVCO data archived from 01 January 2004 through 30 June 2014 as
well as projected data volume for 2014 (full calendar year) as shown in the GAGE proposal. The actual
total data volume through June 2014 already exceeds the projected total data volume through
December 2014. The distribution of growth among constituent data products differed from projections
in the areas of imaging data. Specifically, TLS data volume has not grown as rapidly as originally
projected while SAR data volume has grown more rapidly than originally projected. The TLS difference
is primarily due to fewer community field projects being supported than estimated as well as more
efficient data product management/storage resulting in smaller file sizes. The SAR volume growth is
primarily due to the acquisition of data from new satellite missions and data providers such as DLR,
and the larger file sizes of new SAR mission products compared to earlier mission products.
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Figure 3-4. Number of UNAVCO data users by quarter from 01 January 2009 through 30 June 2014.
The method of counting users varies by data product, for example by unique IP address, second level
domain or active registered users. Even downweighting the anomalous increase in users in 2014-01,
there is an increase in users in the first three quarters of GAGE.

3.2 DATA OPERATIONS AND MANAGEMENT
3.2.1 Network Data Flow
Network data flow covers data and metadata management from thousands of instruments operating in
the field to the Boulder operations center, a critical activity in support of data archiving and
distribution. This task includes station configuration management, data downloading and streaming,
metadata management, maintenance and other steps related to data flow from the sensors. Staff with
responsibilities for data and metadata flow focus on timely handling of operational flow and any issues
as they arise. Operational capabilities are addressed on a best-effort basis.
The heart of the data flow system is the PBO Operational Database (POD). As part of hardening of
operations, the POD database itself was upgraded from Postgresql 9.0 to 9.3 and relocated to a Linux
virtual machine. Along with modifications to the database configuration this has resulted in a
noticeable improvement in query performance. Over the last two years the POD has been extended to
handle data from COCONet, Polar, and recently TLALOCNet networks in addition to PBO.
The download of high rate data from over 1,000 stations in response to the 1 April 2014 M8.2 Iquique
earthquake, with over 700 of the stations providing 5 Hz as well as 1 Hz data, was handled by the data
operations and archiving teams during this year. This event response exercised new data download
software that was developed this year. It was significant in that it was the first ever full-network
download of 5 Hz GPS data by UNAVCO. Additional event response included generation of custom
high rate geodetic data sets for March 30, 2014, Yellowstone earthquake and the March 10, 2014,
Ferndale, California, earthquake. High rate (1 Hz and 5 Hz) GPS data downloads require additional
resources for data handling, processing and storage. To efficiently meet demand, these processes are
being streamlined and criteria for data-related aspects of event response are being evaluated.
3.2.2 Campaign Data Flow
Data flow for PI GPS campaigns averages two to three campaigns per month, still a relatively minor
activity. There were no maintenance or improvements needed to standard GPS campaign data flow
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operations this year. With the increase in new TLS campaigns, and need to catch up with the backlog
of previous TLS campaigns, this activity was ramped up with seventeen TLS campaigns archived this
year via the RAMADDA system. This includes not only archiving of TLS raw data, point clouds and
metadata but also related GPS data collected for the reference frame application.

3.3 DATA PRODUCTS
GAGE data products included a variety of high-quality geodetic data products from a diverse suite of
geodetic instruments shown schematically in figure 3-2. Depending on data type, UNAVCO and its
subawardees provide everything from raw data (Level 0), to RINEX and QC files (Level 1) and
fundamental derived products such as stations positions, time series and velocities (Level 2), which
allows us to serve a range of users from experts in raw data analysis to those whose research requires
reliable derived products such as geodetic time series. As noted, as of this report, GAGE has collected,
processed and archived over 115 TB of GPS/GNSS, strain, seismic, tilt, LiDAR, SAR and meteorological
data, and has delivered nearly twice this volume to educational institutions, government agencies, and
commercial organizations in the United States and internationally. We anticipate that UNAVCO will
generate ~200 Tb of data and data products by the end of GAGE Y5.
In addition to normal data operations, UNAVCO provides custom GPS and strainmeter data products
associated with the following geophysical events one of the more significant being the M8.2 - 95 km
NW of Iquique, Chile 2014-04-01 23:46:46 UTC main shock and M7.7 - 49 km SW of Iquique, Chile
2014-04-03 02:43:14 UTC aftershock. The data response to the M8.2 Pisagua (initially called Iquique)
earthquake was noteworthy in that it was the first ever full-network download of 5 Hz GPS data by
UNAVCO, and the first full-network download of 1 Hz GPS data performed since March 2011 (in
response to the Tohoku earthquake). Full-network downloads of high rate GPS data have proven to be
resource intensive activities. For future events, UNAVCO will ask PI’s to request needed resources in
RAPID or other proposals to cover the FTE, disk space and communications costs associated with fullnetwork downloads.
3.3.1 GPS/GNSS Data Processing and Products
The GAGE GPS Analysis Centers (AC’s) and Analysis Center Coordinator (ACC) processed data and
provided products this period from 1,863 GPS stations in the PBO, COCONet, GAMA and SCIGN
networks as well as NGS CORS and other regional stations in middle and eastern North America. The
ACs/ACC produce Level 2 GPS products including station position and velocity solutions, position time
series, station velocity estimates and coseismic offsets for significant events. Central Washington
University and the New Mexico Institute of Mining and Technology use different GPS analysis software
packages (GAMIT and GIPSY, respectively) to process all PBO Level 1 RINEX data into initial Level 2
products, which the Analysis Center Coordinator at MIT then merges into a unified set of high-quality
combined products. UNAVCO based this structure on the experiences of the International Global
Navigation Satellite System Service (IGS) and SCIGN, which have shown conclusively that having
multiple independent processing strategies produces the highest quality GPS solutions. GPS position
estimates produced in this exacting manner are normally precise to ±2 mm horizontally and ±5 mm
vertically. PBO network solutions exceed this high standard. QC parameters for GPS data range from
receiver tracking performance to continuity of data supplied to the end user. New QC post-processed
parameters developed under the GSAC project will continue to be provided by Geoff Blewitt (UNR) for
GAGE through separate NASA funding to UNR. New post-processed solutions from UNR, including 5
minute position time series produced hourly, will be provided through web services developed under a
newly awarded NASA ROSES ACCESS project led by UNAVCO.
3.3.1.1 GPS Analysis Center Subaward: Central Washington University
The CWU GAGE GPS Analysis Center (AC) processed data and provided products this year from
~2,000 GPS stations in the PBO, COCONet, GAMA and SCIGN networks as well as NGS CORS and
other regional stations in middle and eastern North America. Routine data processing and product
operations were stable this period. In addition to routine operations in Y1, significant work was
performed on the major reprocessing effort which began during the PBO Cooperative Agreement. This
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activity included the generation of new solutions from all available stations back through January
1996. In addition to the great amount of time and effort to resolve metadata issues from non-PBO
sites, and the CPU time required to process this many stations, unexpected challenges were also
encountered such as the analysis gaffe described in the Y1 quarterly reports. Known issues have been
rectified at the time of this report and final reprocessed products are on track for release to the
community in Y1Q4. Enhancements to CWU’s processing hardware and software were made
throughout the year to maintain and improve performance and product delivery.
3.3.1.2 GPS Analysis Center Subaward: New Mexico Tech
The NMT GAGE GPS Analysis Center (AC) processed data and provided products this year from
~2,000 GPS stations in the PBO, COCONet, GAMA and SCIGN networks as well as NGS CORS and
other regional stations in middle and eastern North America. Routine data processing and product
operations were stable during this period. In addition to routine operations in Y1, significant work was
performed on the major reprocessing effort which began during the PBO Cooperative Agreement. This
activity included the generation of new solutions from all available stations back through January
1996. As with CWU, significant levels of effort were directed to resolving metadata issues from nonPBO sites, and significant CPU time was required to process this many stations. NMT, unlike CWU, did
not suffer from any major analysis issues and submitted all reprocessed products to the ACC in Y1Q2.
NMT solutions were used as the de facto standard PBO solutions by UNAVCO in Y1Q3 as the CWU
processing errors adversely affected the combined PBO products which typically serve as the official
final PBO products. Enhancements to NMT’s processing hardware and software were made throughout
the year to maintain and improve performance and product delivery.
3.3.1.3 GPS Analysis Center Coordinator Subaward: Massachusetts Institute of
Technology
The MIT GAGE Analysis Center Coordinator (ACC) analyzed AC products and provided combined final
products from ~2,000 GPS stations in the PBO, COCONet, GAMA and SCIGN networks as well as NGS
CORS and other regional stations in middle and eastern North America. Routine product operations
were stable this period. In addition to routine operations in Y1, significant work was performed on the
major reprocessing effort which began during the PBO Cooperative Agreement. This activity included
the generation of new solutions from all available stations back through January 1996. The ACC
played a key role in working with CWU and UNAVCO to resolve the reprocessing issues with the CWU
solutions. Overcoming the data product quality and management issues described in the quarterly
reports, final reprocessed products are on track for release to the community in Y1Q4. Enhancements
to MIT’s processing hardware and software were made throughout the year to improve performance
and product delivery. The ACC generated “event” files documenting coseismic offsets resulting from
earthquakes that occurred with the PBO and other network footprints. As part of the reprocessing
effort, the ACC is also updating the master list of offset files for all events back through 1996. In
addition to generating data products, MIT also worked extensively with UNAVCO in Y1 to address
issues with product delivery mechanisms and at the time of this report, LDM has been replaced by SCP
as the method of transferring SINEX files to UNAVCO. The ACC is also refining the time series
analysis parameters used to generate products in the new NAM08 reference frame.
3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of
Technology
MIT carried out routine development of the GAMIT/GLOBK software in Y1. Activities included the
addition, enhancement and/or updating of features, scripts, tables and support for new receivers and
antennas. Considerable time was spent providing email support to users. Numerous royalty-free
licenses were issued to new users from universities and government laboratories.
3.3.1.5 Custom Data Product Requests
UNAVCO supported a total of 31 custom data requests for high rate (1-Hz and 5-Hz) GPS data
downloads this year for earthquake event responses as well as community PI requests to support
regional airborne LiDAR missions (including NCALM projects), NOAA ocean surveys, Caltrans surveys
and commercial surveys. The data response to the M8.2 Pisagua earthquake was significant in that it
was the first ever full-network download of 5 Hz GPS data by UNAVCO, and the first full-network
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download of 1 Hz GPS data performed since March 2011 (in response to the Tohoku earthquake).
UNAVCO developed and implemented significant improvements this year to custom data response
operations in terms of staff and procedures, with further improvements planned in the near future.
3.3.2 Strain, Seismic and Tiltmeter Data Processing and Products
Data products for PBO strainmeters include processed strain time-series and the metadata required to
generate the processed data from the raw data channels. Both BSM and LSM processed data sets
include the strain time series in geophysical units plus corrections for the Earth tide and ocean load at
each site, the barometric pressure response and estimates of offsets in the data. The BSM data also are
corrected for long-term borehole trends. The standard sample interval for the processed data is 5minute interval though a 1-sps data set is generated or the BSMs after significant geophysical events or
upon user request. The LSM data set is updated at least once every 14 days while the BSM data set is
updated every 24 hours. In addition to the time series, the tidal models, the barometric response
coefficients, the borehole trend models are also supplied to the community as data products.
UNAVCO collects seismic data at 79 borehole sites across the PBO network; all but five are installed in
the same borehole as the strainmeters. Data are recorded at sample rates of 100 and 1 sps on a
Quanterra Q330 digitizer with a Marmot data logger. The data are downloaded via the Antelope
system and arrive at UNAVCO and the IRIS DMC (the archive for PBO seismic data) in near real time.
UNAVCO creates and maintains the dataless SEED for each of the seismic sites sending updates as
needed to the DMC. Once at the DMC the seismic data are available to the community in full SEED,
miniSEED or SAC format. UNAVCO’s Seismic Data Products web page provides links to view the
current data download performance, data recovery rates and daily webicorder plots.
Tilt data are recorded at 26 sites, all in volcanic regions: Mount Saint Helens, Yellowstone, and the
Akutan and Unimak Islands in Alaska. The Yellowstone and Mount Saint Helens sites are co-located
with PBO borehole strainmeters and seismometers and sample at 1 sps. The data are pulled to
UNAVCO via the Antelope system along with the seismic data. Tiltmeters installed at non-BSM sites
usually have a sample interval of 600 s, are recorded on a NetRS and downloaded as BINEX files to
Boulder. All tilt data are parsed and read into the PBO POD database. The data are made available as
full sample rate 1-hour long files and as 10-minute interval yearlong files. Data are pushed once per
day to an anonymous FTP site at UNAVCO. Tilt plots, data and site information can be accessed from
UNAVCO Data Products website.
UNAVCO processes data and provides products for borehole strainmeters, seismometers and
tiltmeters in the PBO network. Routine data processing and product operations were stable this
period. Fully processed 1-sps borehole strainmeter data sets were generated for the April 1st M8.2 Chile
and June 23 M7.9 Alaska earthquakes. Data from the tiltmeter installed June 18th 2014 in the new
B950 Yellowstone replacement borehole (installed in October 2013) are now available from the
UNAVCO web site. The data available from this installation indicate the data are of good quality; there
are minimal steps in the time series and a strong signal in the M2 tidal frequency.
UCSD, through a subaward managed by UNAVCO, processes data and provides products from the long
baseline laser strainmeter network. Routine operations, including data editing and cleaning, and
product generation in Y1 were stable. Enhancements to processing hardware and software were made
throughout the year to improve performance and product delivery, including the completion of
significant and long running upgrades initiated last year.
3.3.3 Meteorological and Hydrologic Data Products
Meteorological data are collected along with GPS/GNSS and other forms of geophysical data to
enhance the datasets, contribute to network monitoring information, and provide additional
information for interpretation of deformation signals. Temperature, humidity and barometric pressure
data collected at GPS stations are available directly from the GPS RINEX files. Routine product
operations were stable. Documentation and metrics related to new GAGE-produced hydrologic loading

26

model products continue to be developed. Preliminary loading model results are available on the ftp
site and will be updated quarterly.
3.3.4 LiDAR – Terrestrial and Airborne Laser Scanning
UNAVCO provides TLS data services and products including basic data processing, data management
and data archiving. The standard UNAVCO TLS deliverable is a merged, aligned, georeferenced point
cloud, which is accompanied by pertinent metadata products such as site photos, meteorological
information, field notes and other ancillary project information.
EarthScope ALS data products are supported by OpenTopography with metrics reported by them to
UNAVCO. No new ALS related data product activities have been performed to date under the GAGE
CA.
3.4

DATA MANAGEMENT AND ARCHIVING

3.4.1 GPS/GNSS
The GAGE Data Center provides a secure long-term archive for data, data products, and metadata
from GNSS instrumentation, and makes data available to the scientific community and the public.
User interfaces, APIs, and software tools that facilitate data search and access, data handling, and
visualization are provided to support full utilization of the data assets. Data sources include UNAVCOmanaged resources such as the PBO network, as well as PI-managed networks and campaigns.
Data archiving and distribution is an operational activity that continues to grow, with stations added
for
archiving from Antarctica (ANET), COCONet, HoustonNet, Malawi Rifting, and Telica Volcano
networks. Everyday operational activities of the data management and archiving staff were impacted
by the requirement to handle the extra volume of high rate data acquired in association with the
Iquique earthquake. This required more than three weeks of Data Engineer and Data Technician time.
Delay of non-critical tasks allowed for accommodating additional labor for event-based data archiving.
Our new offsite ftp server, installed at FRII, Inc., a Colorado collocation services provider )this year,
was transitioned to the role of primary ftp server. The older hardware in house at Boulder
headquarters is now the failover ftp system. With this transition we have instituted more detailed
monitoring of traffic that will be helpful for cost control. The FRII site will completely replace Socorro
backup operations. Testing of a cloud storage capability pilot capability at San Diego Super Computing
Center (SDSC) continues and Amazon “Glacier” is operational for deep archive capability.
3.4.2 Real Time GPS Data Flow and Management
UNAVCO provides high-rate (1 Hz), low-latency (<1 s) GPS raw data streams (RT-GPS) from
approximately 430 stations, 391 of which are PBO stations, including 282 stations upgraded as part of
the NSF-funded ARRA Cascadia initiative.
RT-GPS data users are classified into three groups: academic, commercial and government.
Commercial users were the largest group to access RT-GPS in each month of the quarter but
government agencies and nonprofit consortia collectively downloaded the largest volume of data. As in
previous quarters, commercial users formed the largest group of users both in terms of being
registered and being active but the government agency and nonprofit consortia downloaded more data
in each month of the quarter. The five sites with the greatest volumes of data downloaded were P059
Point Arena, California, P365 in Coos Bay, Oregon, P041 Boulder, Colorado, P387 Sisters, Oregon and
P780 in Puerto Rico (Figure 3-5).
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Figure 3-5 Total volume downloaded from sites in the western US through GAGE Y1 Q3.
Effort is underway to evaluate pilot RT-GPS processed position solutions derived from the Trimble
Pivot system. In addition, a white paper is being developed with recommendations for a community
geodetic data format that incorporates the requirements for presenting solution uncertainties and
covariances in addition to the positions.
3.4.3 Borehole Geophysics Data: Strain, Seismic, Tiltmeter, Pore Pressure
Most strain, seismic, tiltmeter, and pore pressure data metrics remain fairly steady over the course of
the year. A significant development during GAGE Y1 was the discovery that community interest in PBO
BSM data is much higher than previously reported by UNAVCO, during a re-analysis of BSM data
delivery metrics provided to UNAVCO by the IRIS Data Management Center (DMC) and the Northern
California Earthquake Data Center (NCEDC). Starting this year, the IRIS DMC became the primary
archive and distribution center for PBO strainmeter data. Previously, this role was performed by the
NCEDC, with the IRIS DMC serving as an unofficial backup repository and access point for PBO strain
data. Because the NCEDC was the official data archive and distribution center, UNAVCO only reported
BSM metrics provided by the NCEDC. The number of unique users accessing BSM data from the IRIS
DMC and the volume of data downloaded from the IRIS DMC were much greater than from the
NCEDC for overlapping time periods when metrics are available from both archives. Moreover, when
downloads of BSM data/products available directly from UNAVCO (but not previously reported) are
included, there is yet another increase similar in magnitude to the added IRIS values. As detailed in
the quarterly reports, actual data volumes accessed by users was more than two orders of magnitude
greater than previously recognized. The actual number of unique users is about an order of magnitude
greater than previously recognized. Starting in GAGE Y1, we now report the total combined BSM data
access metrics from the IRIS DMC and UNAVCO holdings.
3.4.4 LiDAR – Terrestrial and Airborne Laser Scanning Data
The TLS data archive process was refined over the period of this report and a backlog of previous
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campaigns from TLS PI projects was added to the archive as projects were completed, with
approximately 900 GB of TLS data added this period. The TLS team is working to standardize,
document, and ingest legacy TLS datasets. A concerted effort is also ongoing to create a standard TLS
metadata template and to streamline generation of this metadata content going forward. UNAVCO
continues to improve access to software required by community members to process and analyze TLS
data.
As noted, OpenTopography is the official archive and access point for EarthScope ALS data. Typically
about 100 unique users access the point cloud and raster terrain products for the EarthScope ALS
collections each quarter.
3.4.5 SAR Data
UNAVCO has managed the SAR Archive since 2005, with significant recent enhancements under a
supporting NASA award. Under GAGE, UNAVCO orders ESA and TerraSAR-X scenes in response to
WInSAR user requests. In addition, the WInSAR Executive Committee and UNAVCO arranged for a
tasking quota with DLR for use by WInSAR. WInSAR user requested tasking orders for the TerraSARX mission have been placed on a regular basis. UNAVCO has also begun archiving of WInSAR
community TSX data in the UNAVCO SAR Archive. UNAVCO also manages access to the ISCE SAR
data processing software package for all members of the WInSAR Consortium. WInSAR scenes from
the European Space Agency (ESA) are available without cost under their open data policy. TSX data
access is restricted to Co-PIs associated with a specific science proposal approved by DLR.
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware, database,
software, and web presence. Data ingest capabilities have been developed to allow UNAVCO to host
data from newer satellite platforms such as CosmoSkyMed (CSK), and RADARSAT-2 which WInSAR
community users are beginning to utilize. Integration of CSK and RADARSAT-2 data into the WInSAR
data portal (https://winsar.unavco.org/portal/) is ongoing.
UNAVCO’s SAR data holdings are backed up to cloud-based systems. ESA is the primary archive
forERS-1, ERS-2, and Envisat, while the Alaska Satellite Facility (ASF) is primary archive for
RADARSAT-1.For all data not archived in ESA’s Archive4 system or at ASF, UNAVCO is now backing
data up to Amazon Glacier, a commercial cloud storage system. This approach ensures both a complete
off-site backup of the full UNAVCO SAR archive while minimizing redundancy of data backups.
Supersites support
For the GEO Supersites and Natural Laboratories initiative, UNAVCO provides data ordering (from the
European Space Agency), together with data management (download and repackaging) of the orders
received, and upload of the orders to the ESA supported cloud storage (Level 4 archive). In addition to
this operational data management activity, UNAVCO provides web site content management and
hosting for the Supersites main page and for Supersite Event pages. UNAVCO has expanded our
support for TSX, CSK, and RADARSAT-2 data collected under the Supersites initiative. For these
datasets, the lists of PIs with access to the data include international collaborators as well as WInSAR
community members. To address this expanded community of users and associated access constraints,
we’ve made several modifications to the WInSAR Portal system to allow registration by international
partners.
Building on the successes of UNAVCO’s ongoing NASA ROSES ACCESS funded work to develop a
Seamless SAR Archive (SSARA), UNAVCO staff members have been engaged in discussions with the
European SAR community (DLR, ESA, CEOS, etc.) regarding federated access to data, data processing
environments, and metadata and product formats. The goal is to leverage the SSARA work to build
federated access to data hosted by the space agencies that participate in Supersites. UNAVCO staff
participate in the Supersites Advisory Committee and have also led the development of a Supersites
Data Plan that is in final review.
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3.4.6 Support of the IGS Central Bureau
As part of its NASA component tasks, UNAVCO provided participant and logistical support to the
International GNSS Service Central Bureau (IGSCB) by arranging accommodations for the GGOS
Consortium Meeting, and the IGS governing board meeting that took place in December 2013 at the
Fall AGU meeting in San Francisco. UNAVCO also hosted the IGS / GGOS reception at AGU. UNAVCO
regularly participated in meetings with personnel from the IGS CB regarding the final release of the
IGS site log manager and other on going operational activities. The Site Log Manager was
demonstrated at the IGS Workshop 2014 in Pasadena, and is now released to the IGS community.
Operational support includes reviewing site log submissions, updating site logs that are in older
formats, and maintaining equipment records in the site log manager database. In related IGS
activities, UNAVCO Geodetic Data Services (GDS) Director Dr. Charles Meertens serves as an At Large
member of the IGS Governing Board and Dr. Fran Boler was elected to the Governing Board as Data
Representative. Dr. Louis Estey, from the UNAVCO GDS Data Group, serves on the IGS Infrastructure
Committee. Dr. Frederick Blume serves on the IGS Antenna Working Group.
3.5

CYBERINFRASTRUCTURE

Several projects are in progress to expand the cyberinfrastructure capabilities of UNAVCO’s geodetic
data systems. Our efforts in a related collaboration with the IRIS-led EarthCube Building Blocks award
“Deploying Web Services Across Multiple Geoscience Domains” include participation in technical and
management level meetings as well as modifications and enhancements by our software team to web
services that are being leveraged by the award. Enhancements included the new REST web service
documentation system that includes a URL builder.
UNAVCO’s efforts to promote the Geodesy Seamless Archive Centers (GSAC) software has led to
installation by some of the European Plate Observing System (EPOS) archives and is under evaluation
for wider adoption over the next year. Data Center staff attended the COOPEUS/EPOS (European
Plate Observing System)-sponsored Geodetic GSAC workshop in Portugal. The further adoption of the
technology for EPOS and anticipated development of a European federated GSAC will lead to
harmonization of information technologies across the Atlantic and broader and easier access to
geodetic data. During both the GSAC EPOS workshop, and the IGS Workshop that took place this year,
discussions on the metadata content and exchange standards for GPS/GNSS were topics of great
interest. Plans to initiate further standards collaborations were outcomes of both meetings that
UNAVCO will play a role in going forward.
In support of the COCONet project software staff are involved in the COCONet Regional Data Center
development and deployment. The software and systems configurations developed for this project are
being designed as a GPS/GNSS data and metadata management package, called Dataworks for GNSS.
The package consists of a set of modules that will ultimately be made available for general download
and
access for GPS/GNSS data centers. GSAC is one module of the system. The COCONet Regional Data
Centers will be the first deployment of the Dataworks for GNSS system.
UNAVCO has developed a software system developed for assigning Digital Object Identifiers (DOIs) to
data sets within the GPS/GNSS Archives. As a goal under GAGE, GDS staff has deployed this system
for GPS/GNSS data and products and is in the process of populating the DOI system. With ramped up
effort the number of “minted” DOIs was 552 in this three quarter period.
Other activities include development of REST web services and a companion REST web service
documentation system that includes a URL builder was implemented and is now available to the user
from the Data section of the UNAVCO web site. Development of these web services is being integrated
into core and augmentations funded through this cooperative agreement and separate awards from
NSF EarthCube, NSF SAVI/COOPEUS, and NASA ROSES ACCESS.
A new, highly flexible time-series plotter called U-Plotter provides the ability to plot GPS position,
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borehole strain and pore, and meteorological time series, and is available on the web site
(http://www.unavco.org/software/visualization/u-plotter/u-plotter.html). Plots can also be overlaid
with event markers for station maintenance and earthquakes. An iPhone app was developed for field
engineers that utilizes GSAC metadata web services.

3.6 GDS PROGRAM SUMMARY
The Geodetic Data Services program manages all the steps from station metadata management and
downloading, to data flow, product generation, archiving and advanced cyberinfrastructure
developments, for a heterogenous mix of sensors. The total volume of data of all types continues to
grow, as does the user base. The complexity is also increasing with developments in RT-GPS, handling
of geophysical event data sets, refinements to TLS archiving processes, and new sattelite SAR systems
coming online. There is greater emphasis on classroom and field course support, including
development of online tools. To simplify data discovery and access, as well as downstream scientific
data integration, web services are under development for each of the sensors with funding support and
participation in EarthCube, COOPEUS, Supersites, and NASA ROSES ACCESS cyberinfrastructure
initiatives.

4. Education and Community Engagement
The Education and Community Engagement (ECE) program is active across a spectrum of community
support including professional development activities for community scientists and teachers,
development and dissemination of geodesy-focused education materials, geoworkforce development,
and communications highlighting community science and UNAVCO support. The ECE team actively
contributes to UNAVCO website upgrades, leads the organization-wide social media effort, works with
UNAVCO staff to develop Program Highlights, and collaborates with external partners to develop
interactive displays for exploring Earth science content.

4.0 ECE program Highlight: Reaching Educators in Alaska
In March of 1964, a magnitude 9.2 earthquake devastated Anchorage and other communities along the
Alaskan coast. Fifty years later, Alaska museum and park interpretive professionals, naturalist guides,
instructional specialists, and K-12 teachers gathered at the US Geological Survey Alaska Science Center
in Anchorage to participate in one of two separate workshops exploring the region’s tectonics.
UNAVCO participated in the EarthScope three-day “EarthScope Alaska-Yukon Regional Workshop for
Interpretive Professionals” and co-taught with the Seismological Society of America and others a halfday teacher workshop. UNAVCO featured data from the EarthScope Plate Boundary Observatory
(PBO) in both.
PBO may not have been in place fifty years ago to capture the world’s second largest earthquake on
record, but the observatory does record ongoing deformation from the event and has recorded multiple
smaller events since installation, not to mention the tectonic stresses driving these earthquakes and
volcanic activity.
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EarthScope Alaska-Yukon Regional Workshop for Interpretive Professionals. UNAVCO,
in collaboration with EarthScope, IRIS (Incorporated Research Institutions for Seismology), USGS,
and SCEC (Southern California Earthquake Center), provided overviews of resources and science
discoveries from the Plate Boundary Observatory,
USArray, and the yearly Great Shakeout earthquake drill
to park and museum interpretive professionals. The
Alaska Native Tribal Health Consortium and
GeoPRISMS contributed special presentations on
working with Alaska Natives and First Nations
communities on natural hazard awareness and
preparation. A field trip through Anchorage, along
Turnagain Arm, and ending at Whittier provided
participants hands-on experiences with observing the
impacts from the ’64 earthquake, tsunami deposits, and
long-term tectonic deformation and mountain building.
Figure 4-1. USGS Geologist Rob Witter describes how a ghost forest is formed and sands are deposited
during a tsunami.
Teacher workshop. Co-taught by UNAVCO, IRIS, SCEC, EarthScope, and USGS, the half-day
teacher workshop focused on plate tectonics, regional geology of Alaska, natural hazards, and
earthquake and tsunami safety. Participants worked through multiple activities and learned where to
find free resources and data available through UNAVCO and other websites. Group discussion IRIS,
and SCEC into the courses taught by the participants.

Figure 4-2. (Left) Workshop participants practice earthquake safety--drop, cover, and hold on--during
a simulated Shakeout earthquake safety drill. (Right) Workshop participants discuss the tsunamis that
struck the town of Whittier, Alaska after the 1964 Great Alaska Earthquake. Whittier is located off
Prince William Sound at the end of Passage Canal.

4.1 ECE PROGRAM SUMMARY
The Education and Community Engagement (ECE) program thrived during the first year of the GAGE
facility with efforts on increasing visibility of geodesy in societal issues, strengthening geoworkforce
development programs, and focusing internal and external collaboration.
Geodesy, Community and Society
UNAVCO launched a new program for undergraduate geo-majors and non-majors: GEodesy Tools for
Societal Issues (GETSI). GETSI develops teaching materials for engaging undergraduate students in
addressing societally important Earth science questions through the use of geodetic data. Through this
resource instructors can access learning modules for integrating geodetic data into Earth science
classes.
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UNAVCO continued support of formal educators in K-12 and higher education. K-12 teachers received
training and problem-based classroom lessons on the Yellowstone caldera with data overlaid on maps
revealing geologic features so students can see relationships among them. Undergraduate instructor
support included the release of online learning
modules examining Infinitesimal strain analysis
using GPS data and InSAR investigations to better
understand earthquake faulting.
Animations created in collaboration with EarthScope
and IRIS explain the role of GPS and the Plate
Boundary Observatory in earthquake detection and
warning. The most recent videos include “What can
GPS tell us about future earthquakes?” and “GPS
and earthquake early warning “. Thousands of
educators and members of the public have viewed
these videos.
The Monitoring a Shifting Earth display at the
Hatfield Museum and Science Center illustrates the
geohazards of the Pacific Northwest and how GPS
plays a role in their mitigation. Museum visitors
explore and learn about basic plate tectonics
concepts and natural hazards relevant to the Pacific
Northwest and how the GPS in a smartphone
compares to a high-precision GPS receiver used by
the EarthScope Plate Boundary Observatory.
Additionally, visitors learn about the role that the
upgraded PBO GPS network is expected to play in
hazard mitigation with a combined real-time GPS
and seismometer earthquake early warning system.
Geoworkforce and Professional Development
UNAVCO continued its highly successful short courses
series providing in-depth training to over 130 graduate
students and researchers on topics including
hydrogeodesy, strainmeters and Terrestrial Laser
Scanning (TLS). Summer internship programs RESESS
(Research Experiences in Solid Earth Science for
Students) and USIP (UNAVCO Summer Internship
Program) provided 11 undergraduate and 4 graduate
students with the opportunity to work in a professional
environment supporting geodesy research and
education.
Partnerships
ECE developed new collaborations and strengthened and refined the focus of existing partnerships
with the following organizations and institutions of higher education.
Organizations: AGI, AGU, GSA, EarthScope National Office, ExxonMobil Foundation, Hatfield
Museum and Science Center, IRIS, National Girls Collaborative Project, Science Education Resource
Center @ Carleton College, Seismological Society of America, Volcano Video Production, 3-Point
Science
Colleges and Universities: Baylor University, College of New Jersey, Cornell University, Indiana
University, MIT, Mt. San Antonio State College, Oregon State University, UCLA, University of
California-Riverside, University of Houston, University of Kansas, University of Nevada-Reno,
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University of Portland.

5. Summary
GAGE began with many challenges as UNAVCO reduced staffing, benefits, and non-labor expenses to
meet a Y1 budget that was ~20% below plan, and the reduction was implemented under intense
schedule pressure. It was followed by two other events – the Boulder Flood of 2013 and the
government shutdown. In order to strengthen UNAVCO’s resiliency against external events, we set
annual goals in four critical areas with direction from and consultation with governance:
(1) Hardening Operations – Strengthen UNAVCO's preparedness and resiliency
(2) Strengthen UNAVCO's Management Culture – with a focus on project management and
financial management.
(3) Strengthen employee engagement and culture to inform decisionmaking, and
(4) Strengthen our Responsiveness to the Community – Advance the revised GAGE Y1 scope;
develop a five-year plan in light of funding outlook, lay a foundation for 2018 through
community & facility planning for network renewal.
We have made good progress in each area, although work remains to be done to fully integrate core
funding under the GAGE award, to ensure continuity of staffing and opportunities for professional
growth.
The Geodetic Infrastructure Program focused on the planning and logistical efforts related to the
challenging borehole strainmeter installations in Turkey, the new cGPS/Met station installations in
Mexico for TLALOCNet, the continued efforts to complete construction of COCONet and HoustonNET.
Continuing O&M for the PBO GPS and BG networks remain a high priority and these tasks account for
much of the effort and resources available to the GI Program under the GAGE Facility. The installation
of the first of four GTSM/Seismic instrument packages along the Sea of Marmara segment of the North
Anatolian fault system was completed in August 2014. The recommendations from the upcoming NSFsponsored community workshop to review the “Future of PBO in GAGE through 2018 and beyond” will
have important implications for GI staff and the PBO operations budget during GAGE Y2. Lastly, GI
and GDS staff have recently initiated a process to obtain feedback from PIs that use UNAVCO GI
engineering and instrument resources and data products. To date, the overall number of responses was
limited, but in general, the feedback was extremely positive.
The Geodetic Data Services program faced challenges with recruitment and retention in the
rebounding Front Range IT marketplace, but has made good progress in staffing nonetheless. The
inherent diversity of data sets and metadata add complexity to the work of this sparely staffed
program. Significant GDS improvements, include metadata management and downloading, DOI
minting, data flow, product generation, archiving and advanced cyberinfrastructure developments,
with notable gains for TLS, RT-GPS, and SAR. These tasks and new capabilities have been advanced
both with core GAGE support and with complementary awards.
The transition to direct funding for Education and Community Engagement (ECE) has strengthened
this maturing program while recognizing its core role in UNAVCO’s mission. The focus on geodesy in
societal issues, geoworkforce development programs, and collaboration provide unique contributions
that complement the activities of partner organizations.
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