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1.0 Executive Summary
This is the Final report for the UNAVCO Cooperative Agreement (CA) “Support of UNAVCO
Community and Facility Activities: Geodesy Advancing Earth Science Research” (EAR0735156). This report summarizes the activities and outcomes for the period from January, 2008September, 2013. The final year overlapped with the “2013 UNAVCO Community and Facility
Bridge Proposal: Geodesy Revealing the Earth in Action (EAR-1255679), which began 1 March
2013 and transitions UNAVCO to the new 5-year GAGE Cooperative Agreement “2013-2018
UNAVCO Community Proposal Geodesy Advancing Geosciences and EarthScope: The GAGE
Facility” (EAR-1261833). Further details of activities can be found in quarterly and annual
reports, which have been submitted to NSF and NASA throughout the period of this and related
cooperative agreements and projects. These reports are posted at the UNAVCO corporate web
site (http://www.unavco.org/pubs_reports/reports/reports.html).
Due to the overlapping periods of the transitional awards, the metrics and programmatic
reporting here focus on the period ending September 30, 2013. Thus, 2013 metrics reported
herein are for a partial calendar year, as funding was largely spent out by then and activities
transitioned to Bridge or GAGE. The full UNAVCO core programmatic activity, productivity
and complete 2013 metrics are reported through the GAGE award.
UNAVCO programs, through these Cooperative Agreements (CAs), provide engineering,
equipment and data services that support research projects for investigators using GPS,
Terrestrial Laser Scanning (TLS), InSAR, and other high precision 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, and polar processes. These projects are NSF-EAR (Division of Earth Sciences), NSFPLR (Division of Polar Programs - formerly NSF–OPP) Arctic and Antarctic, and NASA-funded
and include individual Principal Investigator (PI) projects, large collaborative projects such as
AfricaArray, COCONet, TLALOCNet, and now POLENET (GNET and ANET), and the larger
multi-disciplinary, multi-agency EarthScope project and its geodetic component, the Plate
Boundary Observatory (PBO), comprising networks of GPS sites, strainmeters, tiltmeters,
seismometers, meterological sensors, along with imaging and campaign GPS components and
the San Andreas Fault Observatory at Depth (SAFOD). With NASA funding, UNAVCO and
JPL operate the Global GNSS Network and manage the International GNSS Service (IGS)
Central Bureau.
Over the last two years of the award, the organizational structure of UNAVCO transitioned from
the separately managed and funded Facility and the PBO/SAFOD programs and an indirectfunded Education & Outreach program to the new structure of the GAGE Facility that is
functionally rather than programmatically organized. The three new programs are Geodetic
Infrastructure (GI), Geodetic Data Services (GDS), and Education and Community Engagement
(ECE). The GI focuses on engineering, instrumentation, network operations, and field support
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while GDS focuses on data operations, management, access, archiving and cyberinfrastructure.
This reorganization has promoted improved and more efficient services; encouraged integration
of data and engineering technologies and resources; and facilitated transition to the new GAGE
CA.
Much of work under these cooperative agreements continues to be international in scope,
including support for individual investigators and larger community projects such as COCONet,
which encompasses more than 30 countries around the Caribbean and new TLALOCNet NSF
MRI project in Mexico, funded near the end of the reporting period. There is a strong desire and
need by international collaborators to expand capacity for data analysis and data management
and archiving. Under a separate award that builds on NASA investments in web services
development and NSF support for integration of these activities into the UNAVCO core, the
ongoing COOPEUS project to build a framework for a sustainable, transatlantic cooperation in
the field of environmental research infrastructures also made progress as UNAVCO worked with
a number of institutions in Europe to install a Geodetic Seamless Archive Centers (GSAC)
Repository implementation. Other COOPEUS-facilitated GSAC implementations are in the
planning stages including a Federated Repository working with the European Plate Observing
System (EPOS). UNAVCO’s role is to help facilitate consistent data access through common
web services. This will promote data awareness and sharing, while contributing to improved data
integration as envisioned by EarthCube and GEO Supersites and other eScience/eInfrastructure
initiatives. 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) workshops.
Terrestrial Laser Scanning (TLS) activities became operational during this period and continue to
drive growth in PI support and data management developments. The “INTERFACE” project
established field operations procedures and led to an MRI and a supplement to the Facility CA
for purchase of scanners. While TLS field engineering support is now integrated into core
activities, challenges remain, including how to better process, archive, improve, and develop
TLS data and products, and how to sustain support when this work was not included in GAGE
base funding. Following recommendations of the 2011 TLS community workshop and the
Facility Advisory Committee, UNAVCO submitted a proposal to acquire new TLS equipment
co-funded by EAR and PLR. This proposal was successfully reviewed and an award for two
instruments was received in early 2013. The first new instrument, a Riegl VZ-1000, medium
range scanner was commissioned and put into service in 2013. The second will be purchased
following additional evaluation by staff and the newly formed GAGE Terrestrial Imaging
Geodesy Working Group – TIGWiG.
This report also documents the activities of the Education and Community Engagement (ECE)
program (formerly Education and Outreach) at UNAVCO. ECE staff supported several wellreceived technical short courses and teacher workshops. The ECE team continues to achieve
substantial improvements in the number, quality and diversity of applicants to its NSF-funded
RESESS program, attracting an active and talented group of interns into the 2013 program. The
ECE team also leads and participates in UNAVCO website upgrades, works with UNAVCO
staff to develop Science and Program Highlights, and collaborates with external partners to
develop interactive displays for exploring Earth science content.
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This Final report presents the highlights and summary performance metrics, including activities
related to core support as well as summaries of a few of the major projects managed or supported
by UNAVCO under the current Cooperative Agreements. UNAVCO-supported activities for
engineering, equipment, and data services have again met or exceeded expectation in all major
categories to date for the year. A high-level performance summary is given below in Table 1
with comparison to past levels. Each section of the report further details the assessment of our
performance toward meeting UNAVCO’s strategic goals.

UNAVCO Community Summary
1.1 UNAVCO Community
UNAVCO is a community as well as a facility. Structurally it is a non-profit, universitygoverned consortium that facilitates geoscience research and education using geodesy. The
consortium includes 106 US academic Members, nearly all degree-granting institutions, which
participate in its governance and science community (Figure 1 left). Another 91 Associate
Members include organizations that share UNAVCO’s purpose at home and abroad, giving
UNAVCO global reach in advancing geodesy (Figure 1 right). Figure 2 shows the geographic
distribution of Members and Associate Members.
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Figure 1. Current UNAVCO Membership profile. (Upper left) Universities and affiliated research organizations,
compose UNAVCO’s governing membership. The Carnegie classification demonstrates the UNAVCO
Membership’s institutional diversity and reach, which includes major research universities, comprehensive Master’s
granting universities as well as a growing base of selective liberal arts colleges with research-active faculty and
students. Participation by Minority Serving Institutions (lower left) has steadily increased. Expanded activities in
hydrogeodesy and terrestrial laser scanning have broad applications and lead to continued growth and
diversification. (Upper and lower right) UNAVCO Associate Member profile since its incorporation. Institutions are
located on every continent except Antarctica, although UNAVCO investigators and staff are very active there.
Associate Members share UNAVCO’s purpose and help form a global community of scientists who may otherwise
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be geographically or professional isolated. This community engages in international partnerships essential to the
advancement of global geodesy and continued to grow through projects such as COCONet and COOPEUS.

Figure 2. Geographic distribution of UNAVCO Members
and Associate Members as of 2013.

1.2 Community Science Supported by UNAVCO
The UNAVCO Community has been active and productive in many areas of Earth Science,
including, but not limited to processes in solid earth, polar, and atmospheric sciences, and
hydrogeodesy. UNAVCO has developed and maintains a community bibliography of refereed
publications from key journals (Figures 3 and 4). UNAVCO's Community Bibliography is a
collection of peer-reviewed scientific publications that have referenced UNAVCO or the Plate
Boundary Observatory, or have likely relied on UNAVCO resources. The bibliography is created
through a combination of community-submitted publications and a reference database search
using Web of Science.
UNAVCO resources include community geodetic networks, campaign instruments and ancillary
equipment, and engineering and data services, the UNAVCO-supported NASA Global
Navigation Satellite System Network (GGN), data or data products for which UNAVCO
provides access, UNAVCO-developed and supported software, as well as many educational
products services. All UNAVCO data, services and products can be accessed from the
UNAVCO web site. Our most recent Community Bibliography (January 2003 through June
2013) is available for download, and includes all publications reported by science community
members and from a Web of Science search. Note this document is 532 pages long: [UNAVCOcommunity-bibliography-2003to06-2013.pdf].
In order to help investigators gain proper attribution for their field data acquisitions and
eventually data products, UNAVCO has recently implemented a Digital Object Identifier (DOI)
assignment mechanism for properly archived, and therefore publishable GPS data sets, which
reside in the UNAVCO Archive. The goal of UNAVCO's DOI process is to publish archived
data sets using an accepted standard. We anticipate that the ability to cite data sets using DOIs
will encourage ethical use of the free and open data in the UNAVCO Archive, as described in the
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Pritchard et al. (2012) EOS article on open access to geophysical data sets, and thus will
facilitate data citation as envisioned by the NSF Geoscience Directorate. Given that fostering
data citation is the primary driver for UNAVCO's DOI effort, additional DOI uses such as
tracking provenance and versioning are secondary goals yet to be addressed.

Figure 3. Diversity of journals with papers benefitting from UNAVCO support.

Figure 4. Number of papers by year that reference UNAVCO, have used UNAVCO equipment or services or the
NASA GGN. As of June 2013, the total is 6168 papers.

1.3 Community Activities
Over the course of the Facility and Community cooperative agreement, UNAVCO has supported
three UNAVCO Science Workshops (2008, 2010, and 2012) and numerous short courses and
other training events such as TLS workshops at the Geological Society of America Annual
5

meetings and at geologic field camps (Figure 5) with funding from the CA. Short courses have
been very popular as a means for students, researchers, and professors alike to learn (or help to
teach) the latest technologies. Some of the courses include InSAR processing, GPS data
processing, Finite Element Modeling, Laser scanning from the ground and air, strainmeter
analysis, as well as workshop directed to teachers. A complete list can be found on the
UNAVCO website. We highlight below activities specifically for TLS including short course
and summer field courses.

Figure 5. Short courses can include field training as well as data processing and modeling.

1.3 Community Highlight: UNAVCO TLS Education and Outreach.
Earth science investigations increasingly require accurate representation of the Earth surface
using three-dimensional data capture, display, and analysis at a centimeter scale to quantitatively
characterize and model complex processes. Terrestrial Laser Scanning (TLS) is a geodetic
imaging technique ideally suited to this community need (Figure 6). In order to address the Earth
science community’s interest in TLS technology and applications, UNAVCO organized several
short courses per year. For example, the six consecutive “Introduction to TLS” short courses
taught by UNAVCO staff at the Geological Society of America annual meeting have been
enrolled to full capacity.

Figure 6. UNAVCO Field Engineer Marianne Okal performing a terrestrial laser scan of a thermokarst outcrop in
the Garwood Valley, a coastal valley in the McMurdo Dry Valleys, Antarctica. Overlain on the photograph is the
TLS scan data colored by return intensity. Cool colors are low return intensity due to melting ice exposed in the
outcrop. Publication: Levy, J.S. et al. Accelerated thermokarst formation in the McMurdo Dry Valleys, Antarctica.
Sci. Rep. 3, 2269; DOI:10.1038/srep02269 (2013).
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UNAVCO has also pioneered support for TLS use at geologic field camps (Figure 7). Over the
past several years, UNAVCO has developed a growing program that involves bringing TLS
systems to geology field camps throughout the western U.S. In 2013, UNAVCO supported four
geology camps and one graduate seminar class with TLS instrumentation, giving nearly 100
students the opportunity to design a TLS survey, operate the instruments, process data, and make
geologic analyses using the high-resolution 3D datasets. The TLS and education program has
been quite successful, growing annually, and nicely complements more traditional methods
taught during field courses.

Figure 7. Students at Indiana University’s “G429 Field Geology In The Rocky Mountains” summer field course in
southwestern Montana operate a UNAVCO Riegl VZ400 TLS system during a week-long geophysics elective
(G429g) focused on applications of TLS. Indiana faculty Dr. Bruce Douglas (right) partners with UNAVCO staff to
run the TLS portion of the course (Photograph: C. Crosby, UNAVCO).

1.4 UNAVCO Facility Activities Overview
UNAVCO, with funding from this and related cooperative agreements and projects, conducted
two primary activities: providing engineering and instrumentation services and providing data
services. The Geodetic Infrastructure (GI) Program provides engineering project management,
planning, installation, and operations and maintenance of continuous GPS networks around the
globe. GI also provides state-of-the-art instruments and ancillary equipment for campaigns and
semi-permanent surveys and field engineering upon request. Engineers and technicians also
undertake technology development, testing, and systems integration to support new project
demands. The Geodetic Data Services (GDS) program provides data operations and
management, software development, raw data and data product quality control, and archiving
and curation of GPS, Terrestrial Laser Scanning (TLS) and InSAR data and data products for
future applications. These operational programs also contribute significantly to education and
outreach supporting the UNAVCO Education and Community Outreach (ECE) program and PI
E&O projects.
7

Support to PIs
UNAVCO has the unique and fundamental role of providing solid Earth and cryospheric science
researchers with free access to a pooled resource of geodetic technologies, instruments and
ancillary equipment, data, technical support and collaboration, which are key enablers of
fundamental Earth Science research being conducted from the equator to the poles.

Facility Metrics Summary
Summary metrics of engineering and data activities since 2004 are presented in (Table 1). Other,
more comprehensive metrics are detailed in subsequent sections. The first row in Table 1 is the
number of PI projects receiving Facility engineering or equipment support, ranging from project
design and budgeting to full field implementation. During the first three years of this reporting
period, an average of 55 projects were supported with NSF-EAR and other NSF (non-polar)
funding. This average increased to 81 projects in the last three years. Similarly, there were 50-55
Polar projects (Antarctic and Arctic) supported by the Facility during the same time period.
Core PBO stations are not included in this number, as operations and maintenance was primarily
funded under an independent CA. PBO Nucleus stations are included until the 2008 integration
into PBO (Table 1); funding for the operation, maintenance, and upgrades to these stations was
under a separate award. Similarly, the large recent increase in number of stations (Table 1) is in
part due to growth from new independent awards on projects such as COCONet, and also in part
due to a reclassification of sites previously counted in other categories, such as PBO PI stations.
Thus, at the close of 2013, the number of non-PBO and non-PBO Nucleus permanent stations
that were supported by UNAVCO Facility staff for Operations and Management support totaled
940 (this number includes 730 EAR, 64 Arctic, 84 Antarctic, 62 NASA). This includes a mix of
stations that Facility has primary responsibility for O&M, as well as stations receiving significant
support from PIs, their collaborators, or other awards to UNAVCO such as COCONet. In many
cases the Facility plays only data management role.
There is further nuance to the numbers of Permanent Stations Archived. While the PBO
Cooperative Agreements funded a per station fee for archiving, this was not a full-cost recovery
charge – only recovering the marginal per station cost. Thus the archiving of PBO stations
benefitted from the core investments in the Data Center that were funded by the award reported
here, as well as from the PBO-funded data management systems.
The metric “Unique Institutions w/ Project Support Requests” shows that there were 80 unique
institutions receiving Project Support to date. The number of permanent stations currently active
and being archived passed the 2,500 mark during 2013and stands at 2,521. This number includes
the 940 permanent stations described above, the more than 1,100 stations of the PBO network,
and 550 of other stations from other sources, including some IGS stations, the SCIGN network
and other stations archived at UNAVCO with approval of NSF.
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Table 1. Summary metrics for Facility engineering and data activities 2004-2013.

Facility NSF-EAR program support is categorized by task (Table 1); discussion of related
Activity by FY
NSF EAR/NSF
Other
PI Projects
Supported
PLR PI Projects
Supported
Other
Community
Projects
Permanent
Stations O&M
(incl. PBO
Nucleus, excl.
PBO)
Campaigns
Archived
Permanent
Stations
Archived
(incl. PBOrelated)
Unique
Institutions w/
Project Support
Requests

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

48

58

48

52

48

66

51

84

91

76

37

38

48

48

60

44

47

58

55

51

22

38

37

49

43

41

20

28

54

37

555
(209)

593
(209)

621
(209)

730
(209)

793
(209)

643
(no PBO
Nucleus)

716

759

743

9401

71

41

39

55

41

44

35

66

28

21

380
(40)

681
(162)

1092
(373)

1572
(742)

1786
(880)

1889
(1101)

1965
(1101)

2025
(1119)

2436
(1119)

2,521
(1119)

47

63

46

46

48

57

57

93

114

80

metrics follows (Table 2).

2.0 Facility Engineering and Equipment Support
The UNAVCO Facility (now the GAGE Facility) provides state-of-the-art GPS instruments and
ancillary equipment and engineering services to PI projects. This includes project management,
planning, installation, operations and maintenance of continuous, permanent GPS station
networks around the globe. Engineers and technicians also undertake technology development,
testing, and systems integration to support new project demands. Presented below are highlights
of activities and key metrics and histograms associated with them during this award.

2.1 NSF/EAR Program Support
Facility NSF-EAR program support is categorized by task and related metrics in Table 2 below
and is discussed in the following section.

1

The 940 permanent stations receiving O&M support from the UNAVCO Facility includes 730 EAR, 64 Arctic, 84
Antarctic, 62 NASA. Further details on these PI stations and are outlined in Appendix 1 of the UNAVCO Facility
Annual Report (February 2014).
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Table 2 Engineering Performance Metrics – NSF CORE 2008-2013

Task
Permanent Station Operations
EAR Project Support
Community Project Support
Pool Equipment Maintenance
PI Equipment Repairs

Performance Metrics
# Stations monitored (on O & M list)
# EAR projects (not including TLS)
# Non-EAR projects
# Receivers in pool
# RMA processed

Numbers
730
416
223
591
1015

Permanent Station Operations
UNAVCO currently provides operations and maintenance (O&M) support to 730 continuously
operating GPS stations, which were installed as part of PI projects. There has been a steady
increase for over the past 5 years from the beginning of 2008 when there were only 401 stations,
as shown in Figure 8. Low and in some cases decreasing GPS receiver/antennae costs have
allowed more PIs to install permanent GPS stations. 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. All data from these stations is archived at UNAVCO.

Figure 8. Number of permanent GPS stations supported, operations and management (O&M).
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The UNAVCO Facility, working closely with PIs and their collaborators, provides O&M support
at three broad levels:
• High – UNAVCO Facility 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
directly by the PI project.
• Medium – PIs or collaborators download the data from stations, monitor station data
flow, and handle most problems themselves. UNAVCO provides engineering and
medium-level 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.

PI Project Services
In this reporting period, 639 PI projects (416 NSF-EAR/NSF-Other, 223 other Federal agency or
Community funded) were supported by the UNAVCO Facility, ranging from project design and
budgets to full field deployments for new networks, network upgrades and campaign surveys.
Summary listings of PI projects supported by the Facility are included in each annual report.
Figure 9 outlines the total number of projects supported each year broken by funding and project
type.

Figure 9. Number of NSF EAR and community PI projects supported by year.
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Engineering Tech Support
The UNAVCO Facility responds to requests for support via our support mail alias
support@UNAVCO.org, however, most engineering support is by direct requests to staff via
email and phone calls. Also, the UNAVCO Online Knowledge Base is updated periodically to
provide technical documents for PI reference. The number of these types of requests is no longer
tracked.

UNAVCO GPS Receiver Pool
The UNAVCO Facility pool now consists of 591 GPS receivers. This year saw a continued high
level of utilization of the UNAVCO receiver pool with an average of 80% (Figure 10). The
UNAVCO Facility continues to upgrade the receiver pool with the latest in GNSS receivers,
typically the Trimble NetR9. Currently the UNAVCO receiver pool is made up of Trimble
NetR9, NetRS, R7 and Topcon GB100 as shown the Figure 11.
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Figure 10. UNAVCO Receiver pool utilization. The metric reflects the proportion of receiver pool instruments that
are sourced out of the UNAVCO GeoLogistics Center and assigned to any project during any given week.
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Figure 11. UNAVCO receiver pool. Note the drop in 2006 is due to the NSF-PLR pool no longer being included in
the metric.

PI Equipment Repairs
The UNAVCO Facility is an authorized Trimble repair facility. Since the introduction of the
Trimble NetRS to the recent release of their latest GNSS product, the NetR9, the UNAVCO
community has purchased nearly 4000 receivers through the twice-yearly UNAVCO community
purchase program. Receivers come with a five-year warranty with the stipulation that the repairs
are handled by UNAVCO as part of Trimble’s purchase program. This arrangement has brought
the costs down for community GPS instrument purchases and further enables community
instruments to remain in service for longer periods of time.
During the reporting period, UNAVCO received 1188 repair requests. This includes repairs for
GPS receivers, antennas, radio modems and metrological packages. The repairs ranged from
handling RMA submissions to board level repairs. Table 3 outlines the various types of
equipment repaired and total number of repaired items.
Table 3. PI equipment repairs.

Instrument Type
4000 GPS Receiver
4700 GPS Receiver
GPS Antenna
GB1000 GPS Receiver
Metrological Instrument
NetR5 GPS Receiver
NetR8GPS Receiver
NetRS GPS Receiver
5700/R7 GPS Receiver
Radio modem
GPS Receiver Survey Controller

Total Repaired
33
6
269
56
21
4
12
702
65
13
7
13

2.2 EarthScope/PBO Project Support
The EarthScope-funded pool of 100 Topcon GB-1000 campaign GPS systems was used to
support 62 PI-projects during the period of the UNAVCO Facility cooperative agreement. The
Plate Boundary Observatory purchased these systems in 2005 to support PIs funded by the NSFEAR EarthScope program. Projects funded by other sources were also supported with this
equipment at the UNAVCO Project Manager’s discretion, during periods when the UNAVCO
Facility equipment pool was over-subscribed; any international deployments required additional
approval of the NSF EarthScope Program Manager.
The EarthScope pool has been utilized at between 35% and 100% of capacity during the
performance period and has been a valuable resource for EarthScope projects, other UNAVCO
PI-project use, TLS positioning support, and to support event responses such as those for 2010
M8.8 Maule, Chile and 2012 M7.4 Nicoya, Costa Rica earthquakes. UNAVCO’s response to the
M8.8 Maule earthquake included the deployment of 15 EarthScope campaign GPS systems in
the days following the event; these instruments were used to measure post-seismic deformation
and aftershocks for two years thereafter.
The EarthScope-funded 25-station Rio Grande Rift project (PIs: A. Sheehan, S. Nerem, CU, A.
Lowry, Utah State, and M. Roy, U of NM) funded the operations and maintenance of the
network by staff from the PI’s institutions through 2011
(Figure 12). The Rio Grande Rift II follow-on project began
during Q4 of 2011 and UNAVCO has been directly
responsible for the operation and maintenance of the network
since that time. Field expenses, materials, and supplies were
funded by a University of Colorado subaward to UNAVCO.
At the start of the project, 24 of the 25 stations required site
visits for manual data downloads, but cellular data
communications were added at 10 stations. This has allowed
Figure 12. Rio Grande Rift Station
for continuous data flow and state-of health monitoring, and
RG26, McCoy CO, Installed 4/27/09.
for quick identification of station failures and reduced field
costs. Fieldwork was coordinated and managed by the PBO
East Region staff and involved staff from the PBO Socorro office and UNAVCO Facility, as
well.
The UNAVCO Facility provided resources to the EarthScope campaign support effort by testing,
maintaining, improving and shipping the GPS systems for PI Projects. UNAVCO staff worked
with high-level Topcon technical and sales contacts to improve the functionality and
performance of the GB-1000 hardware used in the EarthScope pool under another award. Power
system upgrades to the semi-permanent and campaign system enclosures have improved data
returns in the long-term EarthScope Rio Grande Rift and Colorado Plateau deployments as well
as increasing the reliability of the system during short-term deployments. Absolute Phase Center
Calibration of the Topcon PG-A1 GPS antennas included in the EarthScope campaign systems
was completed in 2011 following a detailed investigation of vertical position discrepancies in
position estimates obtained using these antennas; type-mean results are now published in the
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igs_08.atx file and on the Geo++ website. GAMIT processing by D&T engineer Henry Berglund
verified that the 10 mm vertical offset was corrected by the new absolute PCV relative to the
converted relative model previously published by the IGS for community use. In 2012 further
tests were completed that showed the PG-A1 to be particularly sensitive to near-field effects and
thus not suitable for applications where mm accuracy in vertical positions are required.

2.3 UNAVCO Facility Development and Testing
After a five-year hiatus, the UNAVCO Facility reestablished a formal Development and Testing
group in the first quarter of 2009. At first limited to a single FTE, the D&T project staffing level
grew to 2.5 FTEs at the Project Manager III and Engineer II and III levels by the end of the
reporting period.
A total of 43 D&T projects were completed during the 5-year cooperative agreement. These
projects include a variety of hardware, firmware, and software applications to UNAVCO’s
existing systems, including GNSS receivers, antennas, data communications, power systems, and
the development of new instrumentation. Project identification and prioritization has been carried
out in coordination with both internal UNAVCO and external Community stakeholders.
UNAVCO staff worked closely with GNSS hardware manufacturers to report and solve
problems, improve performance, and to ensure that new firmware development included
important performance enhancements and features required for ongoing UNAVCO and
community operations.
The UNAVCO Facility D&T effort has been funded by NASA, NSF-EAR, and NSF-PLR
programs with a significant contribution from the NSF-EarthScope Plate Boundary Observatory
program and its separate Cooperative Agreement with UNAVCO. In addition to work performed
by staff fully funded for this task, D&T also coordinates ad-hoc contributions to other
Development and Testing efforts at UNAVCO. In particular, close collaboration with the
UNAVCO Facility Data Group on the ongoing development of teqc software to integrate new
GNSS constellation capabilities has been an important ongoing focus of the D&T staff.
A key component of GNSS hardware Development and Testing is the ability to process and
analyze data using high-precision carrier-phase techniques and packages such as GAMIT,
Bernese, and GIPSY. Our staff maintains a high level of GAMIT expertise, and its high-rate
counterparts TRACK and TRACK-RT (Real-Time), which have been used on many of our D&T
projects. We assisted in co-teaching a GAMIT course with Bob King at the AfricaArray meeting
in Johannesburg in 2011 and participated in many GIPSY short courses as both teachers and
students to expand our capabilities throughout the past five years.
The management and ongoing development of the UNAVCO’s Online Knowledge Base
(http://facility.unavco.org/kb/) is also a primary responsibility of the D&T group. Population of the
KB with updated material from our website and new articles contributed by UNAVCO staff is a
continuous process, and Knowledge Base is the primary forum for distribution of Development
and Testing project results and other technical information shared within UNAVCO and the
Community.
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In the immediate aftermath of the 27 Feb. M8.8 Maule earthquake, UNAVCO Facility PI Chuck
Meertens and Frederick Blume received an NSF RAPID grant to develop and deploy data
communications systems at community-deployed cGPS stations in order to monitor station
health and download data on a daily basis.
UNAVCO D&T staff led the effort to determine
whether satellite and/or cellular data services
could be both technically feasible and costeffective in the affected area of the Maule
earthquake in Chile and Argentina. At that time,
the only suitable satellite system (that did not
require a large dish and power-hungry modem)
that was used by UNAVCO was Iridium, which is
very slow and prohibitively expensive if used
outside the special agreement in place to support
Polar Projects. A newer, faster, and cheaper
satellite system: BGAN (Broadband Global Area Figure 13. Standalone BGAN Communications
Network) uses laptop-sized modem/antenna units, and Power system developed for event response.
which do not require large infrastructure and offer
affordable service rates (Figure 13). Earlier efforts by UNAVCO and others to use BGAN for
stand-alone data communications had been unsuccessful, but we achieved 100% data return on
the systems in Chile and Argentina during a 2-year BGAN deployment. After the conclusion of
the project in 2012, these systems became part of the UNAVCO Facility equipment pool and are
available to future PI projects or event responses. As a result of this development effort BGAN
data communications systems are now being deployed at remote stations in many UNAVCOoperated projects such as COCONet and PBO.
The NSF-EAR AfricaArray and USGS-ARRA funded Cascadia projects were the catalysts for an
important development project – a robust data communications solution that uses low cost
cellular or land-line as its primary conduit that quickly fails over to BGAN. Ideal for use in
Africa where new cellular service is available but not reliable, the system allows the more
expensive BGAN service to be used only when needed, and as BGAN is robust enough to
survive earthquake-induced strong motion, the system is also ideal for monitoring networks to
ensure their connectivity following an event. The systems were deployed in Zambia, Malawi,
and Cascadia in 2013 with funding from NOAA and the ARRA Supplemental Funding to the
PBO Cooperative Agreement.
After having observed GPS systems failures in the field during the Maule and Tohoku
earthquakes (e.g., Li et al., 2013; K. Larson, pers. comm., 2010), efforts were focused on testing
the ability of field stations to withstand strong shaking in future events. We conducted tests on a
shaketable in which several models of GNSS receivers and antennas were subjected to extreme
3-dimensional shaking of over 8g using the field records the M8.8 2010 Maule, Chile earthquake
(Figure 14). Results show that certain GNSS systems are more susceptible to shaking-induced
tracking failure than others, and further that thresholds of acceleration and jerk at which
problems may occur can be identified. A publication of these results and those of other
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shaketable tests conducted by UNAVCO’s D&T group in collaboration with Community PIs is
in preparation for submission to GRL.

Figure 14. Shaketable testing in which several models of GNSS receivers and antennas were subjected to extreme
3-dimensional shaking of over 8g using the field records the M8.8 2010 Maule, Chile earthquake

Following up on these shaketable results showing the effects of strong motion on GNSS systems,
we have investigated real-time positioning techniques and algorithms, including Trimble’s
prototype receiver-based RTX system. To accomplish this we have developed simple mechanical
devices to move antennas and software to perform quality control in real-time that has proven
useful for interference analysis and general field station operations and maintenance (Figure 15).
Modifications to teqc translation software were also developed to decode newly implemented
RTX receiver output.
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Figure 15 shows the high-performance of the Trimble’s proprietary Precise-Point-Positioning algorithm (RTX) in
tracking a moving antenna in real-time shown in red relative to a post-processed ~1m kinematic baseline using
Track software shown in blue.

2.4 Geodetic Imaging
The Geodetic Imaging program at UNAVCO was established during the Facility Cooperative
Agreement period. Building on activities initiated under the INTERFACE facility for cm-scale,
3D digital field geology project (NSF-EAR Award: 0651566 funded 2007), and through the
Acquisition of a Terrestrial Laser Scanning System for Polar Research award (2007), UNAVCO
developed a program to provide terrestrial laser scanning (TLS) engineering support for PI
projects, planning support for PI proposals, proposal development, community outreach and
training, and UNAVCO resource development and staff training. Also during the award period
UNAVCO provide oversight of the EarthScope Geodetic Imagery program, including the
collection of airborne LiDAR topography data and the development of a SAR data archive for
interferometry analysis.

TLS PI Project Services
During the reporting period, the Geodetic Imaging program supported a total of 181 TLS
projects (51 EAR, 37 PLR Antarctic, 19 PLR Arctic, 35 NSF Other, 39 other federal agency or
community funded). These include PI field projects, proposal development, training, and
education and community engagement activities.
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Figure 16. Number of TLS projects supported by year.

TLS Support Resources
The UNAVCO TLS instrument pool currently consists of 5 scanners: two Riegl VZ400 systems,
one Riegl LMS-Z620 system, one Leica ScanStation C10 system, and a Riegl VZ1000 acquired
in spring 2013 under UNAVCO’s active award entitled “Acquisition of Next Generation
Terrestrial Laser Scanning Systems for Community Earth and Polar Science Research” (EAR1261653). The Optech ILRIS-3D scanner acquired in 2007 through the “Acquisition of a
Terrestrial Laser Scanning System for Polar Research” award, was retired in October 2012 after
five years of service to the UNAVCO community.
A TLS instrument validation/calibration network is maintained at the UNAVCO facility in
Boulder. The range is primarily being used for instrument performance validation. Before and
after each scanner deployment, the scanner is set up on fixed mounting point and scans are made
of a control array of reflector targets. Measurements are compared to previous reference
measurements from the same scanner to check that repeatability between scans is within
tolerance (e.g., 3 mm for a Riegl VZ-400) and that no measurement drift is observed.
In addition to instrumentation, UNAVCO provides TLS data services including basic data
processing, data management, and data archiving. The standard UNAVCO 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. Considerable progress was made this period on the development of a new online
TLS data archive system (http://tls.unavco.org). The archive – based on the open source software
package RAMADDA - hosts all project files (TLS, GPS, metadata and docs, field photos, etc.)
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and products, and provides web-based access. Data will be freely available to the public as soon
as they are archived unless there are exclusion periods approved by NSF program managers.
Ultimately, TLS data hosted in the UNAVCO repository will be exposed to the larger
community through a Web Service connection to NSF’s OpenTopography.
To meet the needs of UNAVCO’s growing and diversifying TLS user community, UNAVCO is
actively developing training resources and documentation to support Earth science TLS users.
New resources under development include documentation of TLS data collection and processing
best practices, a growing TLS knowledgebase, and additional short courses covering a variety of
specialized TLS topics, including domain-specific data processing and analysis workflows.

TLS Community Support and Participation
UNAVCO’s TLS program participated in a wide range of community events, outreach and
education activities, and community support through meeting presentations, short courses, and
advisory panels during the reporting period. A selection of these activities is highlighted below.
Community Workshop: Charting the Future of Terrestrial Laser Scanning (TLS) in the Earth
Sciences and Related Fields (NSF Award ID 1138279) – This 2011 workshop addressed the
current and future needs of researchers based on the present state of the art and provided
recommendations for the advancement of TLS data acquisition, processing, analysis, and
distribution
to
all
levels
of
the
community.
The
workshop
report
(http://www.unavco.org/community/meetings-events/2011/tls/tls.html) provides guidance to TLS
users at all levels, from individual investigators to large scale initiatives such as Critical Zone
Observatories, and was written to be used to help provide strategic guidance to NSF-supported
efforts such as UNAVCO, INTERFACE, and OpenTopography on how to best meet the needs of
the research community now and in the future. The workshop, which was held October 17-19,
2011 in Boulder, CO had approximately ninety registrants. A highlight workshop summary was
published in Phillips, D.A., J.S. Oldow, J.D. Walker, Eos, Vol. 93, No. 11, 13 March 2012.
For six consecutive years, UNAVCO has run a TLS Short Course at the annual GSA meeting.
Led by current Geodetic Imaging Project Manager Christopher Crosby, past Geodetic Imaging
Manager David Phillips, UNAVCO Polar field engineer Marianne Okal, and collaborator Dr.
Carlos Aiken (UTD), this course has remained popular (it has filled to capacity and had waiting
lists every year). All materials from recent editions of the course GSA TLS short course Introduction to Terrestrial Laser Scanning (Ground-Based LiDAR) for Earth Science Research are available in the UNAVCO Knowledgebase:
http://facility.unavco.org/kb/categories/Geodetic+Imaging/Terrestrial+Laser+Scanning+(TLS)/S
hort+Courses/
UNAVCO Geodetic Imaging staff also taught collaborative short courses focused on ALS and
TLS data acquisition, processing and analysis. For example, Crosby was also a co-organizer and
instructor for a three-day short course in San Diego focused on applications of high-resolution
topography to studies of active faults in southern California. Sponsored by SCEC, UNAVCO,
and OpenTopography, the Imaging and Analyzing Southern California’s Active Faults with
LiDAR course was over subscribed (over 35 participants attended) and was very well received.
Resources from the course are available at this link:
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http://www.opentopography.org/index.php/resources/short_courses/13scec_course/
UNAVCO has also pioneered the use of TLS at geologic field camps (Figure 17). Over the past
several years, UNAVCO has developed a growing program that involves bringing TLS systems
to geology field camps throughout the western US. During the reporting period, UNAVCO has
supported ten geology field camps with TLS instrumentation, giving nearly 100 students the
opportunity to design a TLS survey, operate the instruments, process data, and make geologic
analyses using the high-resolution 3D datasets. The TLS and education program has been quite
successful, growing annually, and nicely compliments more traditional methods taught during
field courses.

Figure 17. Students at Indiana University’s “G429 Field Geology In The Rocky Mountains” summer field course in
southwestern Montana operate a UNAVCO Riegl VZ400 TLS system during a week-long geophysics elective
(G429g) focused on applications of TLS. Indiana faculty Dr. Bruce Douglas (right) partners with UNAVCO staff to
run the TLS portion of the course. (Photograph: C. Crosby, UNAVCO)

UNAVCO imaging personnel have co-authored numerous presentations at AGU, EGU, GSA,
and other scientific meetings. The Geodetic Imaging Project Manager Crosby has co-chaired
several LiDAR-themed sessions at AGU and GSA meetings (e.g., “4D Topography: Detecting
Changes to the Earth's Surface with Multi-Temporal, High-Resolution Topographic Data”).
Crosby also presented an overview of UNAVCO TLS activities during a 2012 AGU LiDAR
Town Hall: TH42I - New LiDAR Technologies and Vision for the Future - a collaboration
between NCALM, OpenTopography, and UNAVCO. The goals of the town hall were: 1) to
present new technologies and data discovery tools; 2) to gather the community opinions on
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where future efforts should be directed; and 3) to disseminate information about how to obtain
LiDAR and related resources from all three NSF-funded groups.
During this reporting period, the Geodetic Imaging Project Manager has also represented
UNAVCO as an Ex Officio member of NCALM’s Steering Committee, which meets semiannually.
Proposals
During the award period, UNAVCO submitted several proposals to support the UNAVCO
Geodetic Imaging program and to acquire new TLS systems in response to increasing demand
for UNAVCO PI project support. Successful proposals are summarized below:
1. Collaborative Research MRI: Acquisition of Terrestrial Laser Scanning Systems for Earth
Science Research (NSF Award ID 0923539) - To help meet community demand for TLS support,
UNAVCO received new funding in 2009 from NSF EAR through two means: 1) a joint MRI
proposal and 2) a supplement to the Facility Cooperative Agreement. In January 2009,
UNAVCO and Central Washington University submitted a Major Research Instrumentation
(MRI) proposal to NSF EAR. This proposal, which requested two new TLS instrument systems,
was well reviewed and fully funded. In summer 2009, the NSF EAR IF program awarded a
supplement to the UNAVCO Cooperative Agreement budget to cover the acquisition of three
new TLS instruments and partial salary support for the Geodetic Imaging Project Manager.
Through these awards, UNAVCO ordered three new TLS instruments in November 2009 and
two additional instruments in 2010, one of which was dedicated to be shared half time with
Central Washington University. The instruments were delivered from December 2009 to
January 2010.
In order to determine the most appropriate TLS instruments to purchase using the above awards,
UNAVCO issued a request for proposals (RFP) in summer 2009 and spent several months
evaluating systems through on site demonstrations and community feedback including current
and potential TLS users. The instruments ordered in November 2009 included one Riegl Z620,
one Riegl VZ-400, and one Leica ScanStation C10. Each has unique capabilities and together
represent a well-rounded suite of instruments that allow UNAVCO to support a diverse range of
projects according on PI requirements. Additional details are available in that project’s final
report.
2. Community Workshop: Charting the Future of Terrestrial Laser Scanning (TLS) in the Earth
Sciences and Related Fields (NSF Award ID 1138279) – See summary above.
3. Acquisition of Next Generation Terrestrial Laser Scanning Systems for Community Earth and
Polar Science Research (NSF Award ID 1261653) – requested and received funds in spring of
2013 to purchase additional scanners for PLR and EAR PI project support. A new Riegl VZ1000
was acquired using these funds (see discussion above). Technology and science community
needs are currently being evaluated using UNAVCO community (through the Terrestrial
Imaging Geodesy Working Group – TIGWiG) and staff input to determine the best instrument
for the second procurement under this award. An RFP is currently being drafted and soon will be
open to responses.
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EarthScope Geodetic Imagery Support
EarthScope Geodetic Imagery products include Airborne LiDAR and Satellite InSAR data that
were acquired as part of GeoEarthScope, a component of the Plate Boundary Observatory (PBO)
MREFC that concluded in September 2008. Key PBO Operations and Maintenance (O&M)
activities since that time related to EarthScope imagery data products include staging and
distribution of airborne LiDAR and satellite InSAR imagery, finalizing the processing of
imagery products prior to distribution as needed, and supporting community use of these data.
The Facility provided FTE and data infrastructure support to this PBO funded data acquisition
activity.

EarthScope Airborne LiDAR Data
The National Center for Airborne Laser Mapping (NCALM) completed the final processing of
all airborne LiDAR data acquired by the GeoEarthScope project in 2011. All EarthScope ALS
data products were delivered by NCALM to the San Diego Super Computing facility for
distribution via the OpenTopography portal (http://opentopography.org). EarthScope ALS data
are freely available to the community in the following formats:
• Google Earth hillshades: The easiest way to explore this dataset, users can view filtered
("bare earth") and unfiltered hillshade images within Google Earth from two different
illumination angles. The Google Earth KMZ for the Alaska dataset features a new
"slopeshade" illumination layer, which provides an alternative visualization of the high
relief landscapes in this region. The hillshade KMZ file is available for downloaded
at http://opentopography.org/kml.
• Standard DEM data: For more advanced applications, filtered ("bare earth") and
unfiltered 0.5 m resolution digital elevation models are also available for
download. Users can browse and download the available data via an interactive map
available at http://opentopography.org/dems
• Point Cloud data: OpenTopography also provides access to raw point cloud data and
web-based tools to process these data into custom DEM products:
http://www.opentopography.org/pointcloud
EarthScope ALS data usage metrics are reported in the Plate Boundary Observatory (PBO)
Annual Reports submitted to NSF. Figures 18 and 19 show examples hillshades from Panamint
Valley fault and the Yakima fold and thrust belt datasets.
The UNAVCO Facility provided FTE and data infrastructure support to this PBO funded data
acquisition activity.
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Figure 18. EarthScope ALS data from the Panamint
Valley fault in eastern California released this period.
ALS data were acquired for UNAVCO by the National
Center for Airborne Laser Mapping (NCALM) and are
distributed by OpenTopography.

Figure 19. EarthScope ALS data from the Yakima Fold
and Thrust Belt in the Pacific Northwest released this
period.

EarthScope InSAR Data
SAR data acquired and managed by UNAVCO on behalf of the EarthScope project are discussed
in the SAR Archive portion of the Data Section of this report.

2.5 NASA Program Support
The NASA Global GNSS Network (GGN), a subset of the ~230 International GNSS Service
(IGS) stations that contribute to the International Terrestrial Frame (ITRF), comprise a core of 62
GNSS stations that are operated by UNAVCO under direction from JPL. These provide a
globally distributed GPS network to support NASA operations and commitments to the GGOS.
Principal support provided by UNAVCO, with funding through its cooperative agreements, by
the Geodetic Infrastructure (GI) program to GGN operations includes data flow monitoring,
trouble-shooting, station installation, maintenance, and operations. UNAVCO also provides key
sustaining engineering services to maintain the GGN and improve capabilities and performance
as part of the GI program’s Development and Testing (D&T) group. This support has involved
improving or reducing the costs of data communications, testing and reviewing firmware
upgrades to GNSS receivers, evaluating monument or site stability issues to assess possible
effects on measurement precision, procedural improvements to enhance efficiencies, and other
activities to streamline operations at specific stations.
UNAVCO Geodetic Data Services (GDS) provides a backup capability for downloading GPS
ground station data for NASA mission support. Data handling capabilities to retrieve data from
specified GGN stations are maintained at UNAVCO in case of failure of primary systems at JPL.
As a NASA-funded task, the GDS program continues to provide cyberinfrastructure (CI) support
to the IGS Central Bureau and to facilitate the exchange of IGS network metadata in support of
network operations. UNAVCO’s CI expertise strengthens the integrity of metadata and provides
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web tools for viewing station and QC metadata and the state of data flow within the IGS
network. Other NASA program support includes computer and web administration, and program
coordination. The Geodetic Seamless Archive Centers (GSAC) web services, initially developed
with separate NASA ROSES ACCESS funding, is used maintained in conjunction with IGS
network operations. In addition, teqc software maintenance, support, and development are
important parts of ongoing UNAVCO GDS NASA-supported activities. teqc is a critical part of
the GNSS data processing workflow both at UNAVCO and at JPL as well as being used for
UNAVCO GPS archiving operations.

Figure 20. Current state of the NASA GGN Network. Green indicates that station is operational. Orange indicates a
recent outage (less than one week) and grey indicates three week or longer outage.

The 62 permanent NASA GGN sites (Figure 20) represent approximately 26% of the stations that
make up the IGS GNSS permanent station network. These stations are often in remote areas of the

globe and in many cases provide the only freely accessible data from countries that otherwise
have restrictions on access to GNSS data. Observations from these stations are used to produce
highly accurate orbit, timing, and earth orientation products that are essential for earth science
research, multidisciplinary applications, and UNAVCO Education and Community Engagement
activities.
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Regular fiscal accountability reports and use of the NASA Statement of Work (SOW) as a living
document and discussion/concurrence via regular meetings with JPL/Caltech Product Delivery
Manager (David Stowers), help to ensure consistency between NASA funded IGS efforts, JPL
GNSS programs, and the resources and expertise applied to these efforts and programs by
UNAVCO. Performance metrics for NASA program support are given in Table 4.
Table 4: Engineering Performance Metrics – NASA CORE (09/01/12– 09/1/13)

TASK (Engineering and
Equipment Services)

Performance Metrics

Numbers

Permanent Station Operations

# of sites monitored
# of receivers monitored
# of troubleshoots
# of new stations installed

62
76
4219
11

Permanent Station
Maintenance

# of field trips or upgrades

76

There are currently 62 GGN stations and 76 receivers monitored (some sites have multiple
receivers connected to the same antenna). At present, 33 of the 62 GGN sites are reference
frame stations (Table 5). There are five stations with Trimble NetRS receivers tracking L2C and
21 multi-constellation sites tracking GPS and GLONASS. Javad or Topcon GNSS receivers are
used to track GLONASS observations.
Table 5: Current Status of GGN Network – NASA CORE (as of 9/1/13)

Description

Number of Stations

# of IGS reference frame stations
# tracking L2C
# tracking GPS,GLONASS
# decommissioned

33
5
21
4

In supporting the GGN network, UNAVCO responds to more than 840 individual station
troubleshooting and maintenance issues in an average year, or approximately 70 each month.
These troubleshooting incidents include: communication outages, configuration changes,
maintenance trips, as well as various hardware upgrades at a number of stations. Additionally,
UNAVCO deploys engineers to install new GGN stations as necessary, where approved by JPL.

Station Installations
During the reporting period, 11 new stations were installed in the GGN. All new stations are
real-time, high rate stations, which deliver data hourly to JPL and the UNAVCO Archive.
In January 2012, UNAVCO installed two deep drilled-braced monuments at the Goddard
Geophysical and Astronomical Observatory (GGAO) (Figures 21 and 22). The site is operated
by the NASA Goddard Space Flight Center (GSFC) and is used for space geodesy research and
development. GGAO is an important co-location site because it has all four space geodetic
techniques operating: GNSS, VLBI, SLR, and DORIS. GGAO will become part of the NASA
funded Space Geodesy Project which was initiated in 2011. Jointly operated by the NASA
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Goddard Space Flight Center and JPL, the project is focused on constructing, operating, and
maintaining a NASA Space Geodetic Network (NSGN) of integrated, multi-technique, next
generation space geodetic observing systems. This new Space Geodetic Network will serve as
NASA’s core contribution to a global network designed to provide critical geodetic infrastructure
necessary for a wide array of NASA missions.
Data from the NSGN will be used to produce highly accurate products that are essential for Earth
Science research, multidisciplinary applications, and education. Its data are and will continue to
be used in defining the International Terrestrial Reference Frame (ITRF), and thus in turn
provide the foundation for all space-based and ground based observations of the Earth.
Establishing the first node of the NSGN at GGAO demonstrates that NASA is well suited to
begin planning the deployment of a Space Geodetic Network on a global scale.

Figure 21. Deep drilled braced monument GODN
installed at GGAO. The second monument, GODS, lies
due south of GODN at a distance of approximately 230
feet.

Figure 22. In order to assist with future surveys of these
monuments, GODS and GODN were outfitted with two
different types of optical survey targets that will allow
the antennas to remain untouched during local site tie
surveys.

Also of note is station FALK, which was installed by two UNAVCO engineers near the city of
Stanley in the Falkland Islands in June of 2008. The station is co-located with VLBI instruments
and filled a previous gap in the GGN-GNSS network (Figure 23). The station provides a high
rate, real-time stream back to JPL data centers.
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Figure 23. The newly installed monument in the Falkland Islands. The monument is a steel pipe secured in the
bedrock with epoxy. The antenna is mounted on the pipe with a SCIGN mount.

St. Helena Island, Vacoas in Mauritius, and Eldoret, Kenya were other new sites constructed by
on-site collaborators who received equipment prepared, tested, and shipped from UNAVCO HQ
by NASA-supported GI field engineers.

New GNSS Upgrades/Field Trips
Other engineering field trips and station upgrades numbered seventy-six during this reporting
period. The station visits primarily involved GPS equipment and computer upgrades,
telecommunication upgrades, and general station improvements such as new antenna cables, and
other auxiliary equipment. All but one of the Ashtech Z-XII3 receivers in the network have been
replaced with newer generation instruments. Receiver upgrades have included Trimble NetRS
models as well as Javad Lexon and Delta receivers capable of multi-constellation tracking.
Computer systems are also being upgraded on a continuous basis to keep pace with evolving
technology. Most sites currently have Fedora Core 14 mini PCs installed, which are continually
being replaced with even smaller, solid-state hard drive computers running the latest version of
CentOS. These newer mini-pc units are more robust than their predecessors and are especially
useful at stations, which run on limited DC (solar) power.
One of the most significant station upgrades during the report period involved the GGN station
in North Liberty, Iowa. This Global GNSS Station is one of the longest running GPS stations in
the GGN network (NLIB’s time series began in March, 1993), and is also used as a reference
frame site. The antenna mount is a JPL ring mount in which the choke ring sits (see Figure 24).
A major issue with upgrading the station is that this mount prevents the use of a calibrated
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antenna/dome combination, which is a current requirement of the IGS. In order to replace the
failing AOA choke ring, a new mount was designed, fabricated, tested, and installed.
The new mounting system accommodates the use of a SCIGN mount, choke ring antenna, and a
short or tall SCIGN dome. This will make any future hardware replacements relating to the
antenna or dome much easier. The original antenna and dome at the site were uncalibrated and
therefore no absolute phase center values were available. UNAVCO decided to obtain robot
calibration results and sent the new Topcon CR-G3 choke ring antenna and short SCIGN dome
(SCIS) combination to Geo++ for calibration. In order to precisely document any offset from the
mark, a tripod was setup and centered over the mark and the new mounting system was then
installed, first with only the bottom plate of the SCIGN mount (the bottom plate contains the
mark contained within the SCIGN mount). The offset between the two marks was then
observed.

Figure 24a. The original radome at
NLIB which had been previously
broken on an unknown date.

Figure 24b. The old mounting system was
removed to reveal to the benchmark below.
A tripod was set up over this mark in order
to determine to offset from the new mount.

Figure 24c. The completed
new ring upgrade monument
at NLIB.

Planned Activities
UNAVCO, under the direction of JPL, has begun deploying multi-constellation capable receivers
at existing sites in the GGN. These instruments will have the capability to detect, decode, and
process signals from GNSS satellites such as GPS, GLONASS, European Galileo, Chinese
Beidou/Compass, and Japanese QZSS. 20 new Javad Delta receivers will be placed in the
network each year for three years and will either replace older Ashtech micro-Z instruments or
operate in parallel with other installed receivers. The GNSS ground station element of the future
Next Generation NASA Space Geodetic Network will be an extension of these GNSS sites.
During the last quarter of this award, although not reported in metrics, the NASA group
upgraded the JPL ring monument at MDO1 near Fort Davis, Texas. Similar to the ring upgrade
completed at NLIB in late 2009, the upgrade at MDO1 took place in two stages. First UNAVCO
deployed a temporary campaign system approximately one month before the actual monument
modification near the MDO1 monument. Once the new monument hardware was put in place the
campaign system ran for an additional month. These campaign data will serve as a short baseline
site tie to the modified monument.
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Additionally, UNAVCO hopes to reoccupy existing monuments in Cordoba, Argentina and on
Kwajalein Island in the South Pacific Ocean. Reoccupying the monuments will require new
contracts between JPL local collaborators. Equipment can then be sent to the stations and
installed by on-site individuals or UNAVCO engineering personnel. A new contract is also being
developed for the station in Santiago, Chile in order to avoid losing the site upon termination of
the initial contract.
UNAVCO will continue to upgrade communications equipment at stations as necessary. Of
note, a new network installation will be completed at station ISPA on Easter Island. Data
collection from the station has become increasingly difficult to download due to higher data
throughput requirements after an additional receiver was deployed at the site. Currently the
network connection is shared with other agencies that have their own data throughput. In order to
establish an independent connection, UNAVCO and JPL will work together with MP Integral to
coordinate the installation of a new network connection that will support the future data
requirements of the ISPA station.
Other NASA Support
UNAVCO supports the development and maintenance of the teqc software. This software
includes data translation from over 50 receiver formats, data editing and quality checking. teqc is
integral to the GGN and IGS data handling and is widely used by hundreds of US and
international GNSS groups. In fact, teqc is one of the most widely accessed parts of the
UNAVCO website with, on average, over 25 downloads of the software occurring each day. teqc
is an important part of UNAVCO’s D&T activities and is a critical part of the GNSS data
processing workflow as well as being used for UNAVCO archiving operations. UNAVCO staff
interacts with international groups defining RINEX and BINEX format specifications and has
participated in the IGS Analysis Center workshops where formats and other issues related to
GNSS modernization were discussed.

2.6 NSF Division of Polar Programs Support
UNAVCO provides support for Antarctic and Arctic scientific applications of precision geodetic
instruments to the NSF Division of Polar Programs (PLR, formerly the Office of Polar
Programs-OPP) through direct funding and supplements to its Cooperative Agreement. The
supported research covers a wide range of disciplines including glaciology, geophysics, geology,
volcanology, biology, anthropology and archeology. Services provided include instrumentation,
training, project planning, field support, proposal assistance, technical consultation, data
processing, and data archiving on a year-round basis. Permanent station network support services
are also available, from the initial engineering and installation through operations, maintenance,
and data archival and distribution. Follow on technology provided includes telemetered power
systems for geodetic and other scientific instrumentation. The UNAVCO Polar team also offers
Terrestrial Laser Scanning (TLS) support, providing geo-rectified point cloud datasets to those
interested in three dimensional imaging of features, from meters to kilometers in distance.
Sustaining engineering and incremental technology improvement efforts are ongoing to meet the
technical challenges of providing robust telemetry and power systems at remote high-latitude
locations. Detailed reports covering support to PLR activities during this period are available in
the on-line annual reports at www.unavco.org/polar. Figures 25, 26 and 27 summarize PLR
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projects fielded, PLR GPS receiver pool status, and PLR permanent GPS station O&M support
throughout this period.

Figure 25. The number of Polar research projects supported grew during the Cooperative Agreement performance
period. Part of the increase in support is attributable to the addition of TLS services. Also during this period, there
was a substantial increase in the technical complexity and scale of many of the GPS projects and the corresponding
scope of UNAVCO support.
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Figure 26. Demand for receivers grew steadily during the early years of the reporting period, with more research
projects showing interest in campaign GPS support and others deploying large networks of receivers for ice
dynamics and bedrock geodesy measurements in Greenland and Antarctica. Early receiver acquisition ramped up
in response to the growing need. In recent years, the demand reached a steady state, and new acquisitions have
replaced older, failing equipment. There are currently 318 PLR receivers in the UNAVCO pool.

Figure 27. Number of GPS stations supported for PLR projects, operations and management (O&M).
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During 2010, the scope of Polar activities at UNAVCO effectively outgrew the Cooperative
Agreement, and a new proposal entitled “Enhanced Support for GPS Networks and Terrestrial
Laser Scanning in Polar Regions” (ANT-1053220) was awarded. This award included funds for
enhanced core UNAVCO Facility support in two primary areas: 1) enhanced network
engineering to support over 100 continuously operating GPS receiver stations installed in
Greenland (GNET) and in Antarctica (ANET) and other PI GPS networks; and 2) additional
resources to support growing demand for polar Terrestrial Laser Scanning. Engineering details
are available at www.unavco.org/polartechnology. Table 6 summarizes PLR GPS engineering
and equipment activities this period.
We continue to see the nature of the projects supported growing in complexity, with requests for
multiple, long-term deployable GPS systems becoming more commonplace. Many of these
projects involve large localized GPS networks with at least one station in the network paired
with Iridium communications for data telemetry.
Table 6. PLR Engineering Performance Metrics.

GPS Engineering and Equipment - Arctic
# stations monitored (on
O&M list)
# station maintenance
events
Permanent Station Ops
# unique PIs
# projects combined
PI Project Services
# TLS projects
Development and Testing

# D&T projects

Pool Equipment Maintenance

# receivers in pool

PI Equipment Repairs

# repairs completed

GPS Engineering and Equipment – Antarctic
# stations monitored (on
O&M list)
# station maintenance
events
Permanent Station Ops
# unique PIs
# projects combined
# TLS projects
PI Project Services
Development and Testing

# D&T projects

Pool Equipment Maintenance

# receivers in pool

PI Equipment Repairs

# repairs completed

64
134
5
142
19
13
123

82
151
9
164
37
2
195
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UNAVCO supported field engineering and logistics for the POLENET project during the
reporting period. This collaborative research effort, which operates in both polar regions,
involved the design and installation of continuous GPS stations and seismometers throughout
Greenland and Antarctica. The POLENET instrumentation constrains bedrock deformation to
measure the response to past and present day ice sheet mass change coupled with the use seismic
profiling. The goal is to better understand the structure and evolution of the lithosphere in these
regions and to assist with the assessment of isostatic adjustment resulting from ice mass
variability. The technical and logistical challenges were great, as most of the sites are very
remote and rely on solar and wind power and satellite data retrieval for uninterrupted operation
through the long polar night. UNAVCO has provided engineering design, procurement, shipping
and field support for the build out and O&M phases of the project. Data management is
provided by UNAVCO, and an Iridium-based download system allows for full data retrieval
from the remote stations, with open data access at facility.unavco.org/data. POLENET support
is ongoing, with site maintenance and data management provided by UNAVCO in cooperation
with the PI teams. Data return to date is 90.6% for Greenland and 86.4% for Antarctica.
An additional result of this technology development has been the availability of a reliable power
and communications platforms that can be applied to instrumentation other the GPS. Several PIs
have taken advantage of this platform in both Greenland and Antarctica.
The UNAVCO engineering team continues to push forward incremental improvements in
technology and reliability of the permanent systems fielded to the POLENET project. The
original design has advanced significantly to become more reliable, quicker to install, lighter in
weight and more capable of surviving the extreme environment. The application of RUDIX
technology provides enhanced data and communications capabilities to the continuous sites.
UNAVCO has also begun to outline steps towards identifying the next generation polar GPS or
GNSS systems.
In 2007, UNAVCO received support for a second MRI proposal entitled “Acquisition of a
Terrestrial Laser Scanning System For Polar Research,” and at that time purchased a terrestrial
laser scanner (TLS) LiDAR system for NSF-PLR funded research support. The TLS instrument
proved complementary to the suite of GPS instruments and ancillary equipment already available
to polar researchers, allowing for much higher spatial density surveys of short distances. This
opened the door to supporting applications such as soil surface mapping, quantification of
landforms, and change detection of slopes, rock glaciers, and glaciers. That first scanner
provided service to a growing stream of polar projects beginning in 2008, until its eventual
obsolescence and decommissioning in 2012. Significant early demand quickly outpaced the
availability of a single instrument, and resources were borrowed from the EAR TLS pool to meet
this growing interest, until the 2007 MRI was funded to acquire additional TLS instruments. The
procurement of a new Riegl VZ-1000 scanner to replace the now-retired Optech instrument
helped to alleviate the instrument bottleneck. The suite of LiDAR scanners used by UNAVCO
has proven capable of operation in the extremes of the polar environment (e.g., Figure 28),
although care must be taken for them to run optimally.
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Figure 28. Terrestrial laser scanning of a stream bed feature near Lake Fryxell, Antarctica.

Arctic Support
After increasing steadily early in the reporting period, the number of projects supported by the
UNAVCO Polar team stabilized towards the end of the term. The current scope of Arctic support
covers seasonal campaign style GPS projects, terrestrial laser scanning, permanent station
network installation, and the operation and maintenance of the International Polar Year
Greenland POLENET project (GNET - Bevis). Also, UNAVCO provides ongoing infrastructure
and operational support with GPS reference stations and campaign gear maintained at four Arctic
research stations in Alaska and Greenland. Arctic support is currently provided to an average of
20 projects per year. The complexity of projects supported in the Arctic has increased over time,
with more PIs requesting continuously and semi-continuously operating GPS systems for longer
term monitoring of bedrock geodesy and ice flow dynamics. There are now 123 GPS receivers in
the UNAVCO pool contributed through NSF-OPP Arctic Sciences. Forty-two of these are
deployed long term for POLENET GNET and another 22 longer term installations are monitored
and/or maintained by UNAVCO (Figure 29).
Since 2007, ongoing monitoring and O&M support has been provided to the POLENET-GNET
project in Greenland. During this period the network build-out was completed, and 47
continuous stations are currently in operation. This includes 38 NSF funded GNET sites, plus an
additional 9, non-core sites operated by the Danish GNET collaborator, Danish Technical
Institute (DTU). A total of 71 remote cGPS stations were deployed for PI projects during this
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period in various Greenland networks, including GNET. Additionally, eight year round power
systems were provided for Arctic PI projects.

Figure 29. Arctic continuously operating GPS systems for the POLENET-GNET project and the Summit Camp
reference receiver.

TLS support has remained robust since UNAVCO first began offering this technology to PI
projects, which have ranged in location from northern Europe, to Greenland, to Iceland and
Alaska.
Antarctic Support
Each year approximately 25 projects are supported in Antarctica. Some years have shown
significantly higher support levels. A “satellite” facility is staffed at McMurdo Station,
Antarctica during the austral summer research season, providing a full range of support services
including access and field engineering for both GPS and TLS instruments, training, project
planning, field support, system fabrication, technical consultation, data processing, and data
archiving. The complexity of projects that UNAVCO has provided services for has also
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increased, with broad networks of continuously operating GPS receivers fielded on a number
events; some running for years at a time. The general scope of work covers seasonal PI campaign
projects, TLS experiments, infrastructure and operational support with GPS base stations at three
Antarctic research stations, plus permanent station network installation, operation, and
maintenance for POLENET-ANET and other long term equipment deployments in the severe
Antarctic environment (e.g., Figure 30). There are 195 GPS receivers in the UNAVCO pool
contributed through NSF-PLR Antarctic Sciences. Thirty-seven of these are deployed long-term
for the bedrock geodesy component of the POLENET-ANET project (Figure 31), along with
forty-five other remote cGPS network stations on the continent that are monitored and/or
maintained by UNAVCO. A total of four year-round power systems were provided to PI projects
as well during this period.

Figure 30. UNAVCO engineers service a continuously operating GPS site at
Coulman High, near McMurdo Station in November 2011. Photo by Joe Pettit.
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Figure 31. Antarctic continuously operating GPS systems for the POLENET-ANET project for bedrock geodesy
measurements, as well as the reference receivers operated at the three continuously staffed US Antarctic research
stations: Amundsen – Scott South Pole station, McMurdo Station and Palmer station.

2.7 Data Services
The UNAVCO Data Center’s mission is to provide a secure long-term archive for data, data
products, and metadata from high-precision GNSS studies, SAR observations, and other crustal
deformation measurements. The Data Center also makes data from the Archive available to the
scientific community and to the public and provides additional tools that add value to the data
and data products in the Archive. The Data Center staff focus on enhancing and maintaining
operations, including hardware replacement as needed, continued refinement of a highly-scalable
system for archiving geodetic data and for community access using web interfaces and
application programming interfaces based on web services, and hardening of operations through
on and offsite failover systems and backups to ensure long-term preservation of the archived
data. The Data Center has taken advantage of new technologies such as virtual machines, Storage
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Area Network RAID systems, and cloud-based services such as backup through Amazon to
ensure data systems are using the best available technologies. To better serve the need for
accurate attribution for PI contributed data the Data Center built the infrastructure for Digital
Object Identifier assignment for GNSS data sets. Figure 32 illustrates how the Data Center, like
other areas of UNAVCO, provides increased cost efficiency and service effectiveness by
building on a scalable system. Figure 33 shows the cumulative volume of holdings for all data
products handled by UNAVCO.

Figure 32. One of the biggest assets that large facilities provide to sponsors and investigators is development of
robust and extensible solutions to infrastructure needs. This chart compares archive effort (FTE) expended each year
with data throughput (data delivered to the user community) using 2004 as a baseline to illustrate increased
efficiency and robust scalability. Charted FTE includes personnel engaged in tasks that span GNSS data operations
to final deposition in the archive.
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Figure 33. Cumulative volume of all UNAVCO archived data and data products.

GNSS Archiving and Data Management
Metrics. Table 7 shows metrics reporting in the area of GNSS Data and Data Products archiving
and distribution.
Table 7. Metrics for UNAVCO GNSS archiving and data distribution activities from October 1, 2008 through
September 30, 2013.

WBS Report -- GPS – Facility Data Group for the period October 1, 2008 through
September 30, 2013
WBS Element
Metric
Quantity or
gigabytes
Permanent Stations Archived
Permanent stations with data
2,914
Permanent stations - active
2,521
PBO stations
1,100
Permanent Stations Archived 1-Hz and Higher Rate
All
455
Delivered via stream
251
Delivered via Download, Continuous
166
Delivered via Download, Intermittent
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Campaigns Archived
Campaigns archived
197
40

All Archived
Monuments with data
1.1.2.2 NSF GNSS Data and Data Products
Total data archived
Subdivisions for files archived:
Campaign data archived
Permanent station data archived
PBO data archived
Standard rate data archived (e.g. 15 s sample
interval)
High rate data archived (1 s sample interval)
Real-time data archived (1 s sample interval)
High rate data archived (~0.2 s sample interval)
Met data archived
Product files archived
1.1.2.3 NSF GNSS Data and Data Products Accessed
Total files accessed
Number of unique domains (avg per month)
Subdivisions for files Accessed:
Campaign files accessed
-number of unique domains (avg per month)
Permanent station files accessed
-number of unique domains
PBO files accessed
-number of unique domains (avg per month)
Standard rate files accessed (e.g. 15 s sample
interval)
-number of unique domains (avg per month)
High rate files accessed (<=1 s sample interval)
-number of unique domains (avg per month)
Met files accessed
-number of unique domains (avg per month)
Product files accessed
-number of unique domains (avg per month)
Raw files accessed
-number of unique domains (avg per month)
NSF and NASA Community Software
1.1.2.4 and 1.2.2.4
teqc downloads
teqc information requests
NASA Stations Data/Metadata
1.2.2.2
Permanent stations handled
Antarctic Stations/Projects

12,336
33,834 GB
514 GB
29,100 GB
18,333 GB
16,184 GB
12,236 GB
3,805 GB
1,021 GB
5 GB
6,664 GB
71,040 GB
1,547
1,219 GB
9
60,756 GB
1,547
49,210 GB
1,115
52,863 GB
1,547
8,034 GB
19
40 GB
19
7,956 GB
93
< 1 GB
1
63,862
3,255
84
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1.4.2.2
Permanent station data archived
1.4.2.2
Projects handled
Arctic Stations/Projects
1.3.2.2
Permanent station data archived
1.3.2.2
Projects handled

675 GB
58
211 GB
12

Holdings. Archive holdings in the online repository, including the primary copy of all GNSS
files, related files, and products, total 26.0 TB in compressed form (48 TB when uncompressed
to their usable form, including 40 TB of level 0/1 data files and 8 TB of products). Holdings in
the ftp pickup area, where the RINEX copy of all GPS-related files and products are available for
pickup, total 25.9 TB. The bar graphs in Figure 34 show annual and cumulative archive data
volume growth through time for the primary copy of uncompressed GNSS data files.

Figure 34. GPS Archive annual data volume (left); cumulative annual volume (right). Data points for 2013 are
partial year (through 9/30/2013). Volume is for all GNSS data and products. Contributing to the annual increases in
2012 and 2013 is the increasing volume of high rate data coming from archiving of streamed 1 Hz data and a
growing set of downloaded daily or hourly 1 Hz stations. Event and survey related intermittent high rate data
collections also contribute but have much less impact, though in 2007 1 Hz and 5 Hz data were archived in
association with several events and had a large impact in that year. Of the cumulative 48 Tb of data at the end of the
report period, 8.2 Tb is level 2 or higher products, 16.8 Tb is high rate level 0/1 data, and the remainder, 23.1 Tb, is
standard rate level 0/1 data.

Total Storage. The total storage (compressed) for the primary archived copy and the public copy
of all GNSS data files, ancillary files, and products in the archive is 52 TB (Figure 35).
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Figure 35. Storage volume used through time for the GNSS long term Archive and FTP pickup RAID systems for
the primary copy of all GNSS data, products, and related files. Data points for 2013 are partial year (through
9/30/2013). UNAVCO keeps a secondary failover copy of all data so the total storage utilized is over 100 Tb.

Permanent Stations - Standard sample interval. At the close of the report period, 2,521 active
global permanent stations with nominal sample interval of 15 or 30 s (“standard rate”) were
being archived at UNAVCO (Figure 36). This includes the canonical 1,100 PBO stations.
Standard rate data accounts for 55% of the level 0/1 archived data volume during the report
period. During the period of this report an additional 937 sites were added for automated
archiving; these sites are additions to networks already in the Archive plus approximately 25 new
networks added during the report period. The new networks include Africa Array, Azerbaijan,
CALIPSO, CAP Andes, Andes (Caltech), CAPGIA West Antarctica, COCONet, Dead Sea,
Eritrea, Ethiopia Tectonics, Haiti, HoustonNet, IGS, Malawi Rifting, NEGAR (Caltech Nepal),
Panama, Plutons, Southwest Montana, Tanzania, Telica Volcano, and Uganda.
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Figure 36. Number of permanent (continuous, standard sample interval) GPS stations archived.

Permanent Stations - High rate sample interval. At the beginning of the report period all high
rate data archived consisted of intermittent downloads related to events or surveys. Intermittent
downloads of 5 Hz data occurred for 252 stations related to geophysical events and survey
support, while intermittent downloads of 1 Hz data occurred for 889 stations related to
geophysical events and survey support. The archiving of real time streamed data began in 2010
with the ARRA-funded upgrades to PBO Cascadia stations (through supplemental funding to the
PBO/SAFOD Cooperative Agreement). In the last year of the award period, the needs of the
PBO H2O and Soil Moisture projects led to continuous archiving of downloaded 1 Hz data for
selected stations. By the close of the report period a total of 455 stations were delivering high
rate data for archiving. Of these, 251 were from real-time streams and 166 were from daily or
hourly downloads.
Campaigns. Archiving was completed for 197 campaigns during the period of this report. These
campaigns span the globe from the Arctic to the Antarctic and cover nearly every continent and
Oceania. Archived campaigns included D&T projects associated with Shake Table and Dome
materials testing. In addition, data from 2004-2013 for the MAGNET project consisting of 391
intermittently occupied continuous campaign sites was archived. The MAGNET archiving is
ongoing.
GGN-IGS Data Support. Data flow monitoring, site metadata tracking, and reporting is provided
to staff of the IGS Central Bureau. UNAVCO is supporting the IGS Central Bureau and JPL staff
on a major IGS web site upgrade, and continues to develop and enhance the test and
development version of the Site Log Manager (SLM) database with web reporting and forms for
metadata entry. The Site Log Manager that has been under development at UNAVCO was
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released to a selected set of beta testers in 2013. UNAVCO maintains the SLM database current
with IGS station metadata in preparation for rollout of the system to production.
GNSS Data Discovery and Access. In the final year of the reporting period, a monthly average of
5.9 million data files (1.7 Tb) was picked up from the Archive ftp server. This compares with a
monthly average of 1.1 million data files (0.4 Tb) during the first year of the award.
The Data Archive Interface Version 2 (DAIv2) was released as an alpha version to users in the
first year of the report period, and as a production web application in the second year. DAIv2
includes a powerful and flexible Web application for discovery and visualization of UNAVCO's
GPS data and metadata holdings that has been well received. The DAIv2 also includes a suite of
Java-based command-line clients for advanced users needing automated discovery and
download.
UNAVCO developed REST-like Web Services with partners SOPAC and CDDIS for delivering
data and metadata through the Geodesy Seamless Archive Centers in 2010-2012 under NASA
support; these services continue to be supported and enhanced, as needed.
Archive IT Infrastructure and Software. UNAVCO’s software that controls automated archiving
for the nearly 3,000 standard and high rate stations that deliver data on a daily or sub-daily basis
continues to be optimized for robustness, scalability, high availability, and maintainability. The
archiving systems are undergoing a phased migration to virtual machine hardware as needed to
meet scalability needs and to replace aging hardware. Storage upgrades are in progress for both
long-term archiving space and the ftp pickup storage space; our new storage systems are on
Storage Area Network hardware. For maintaining an offsite backup and phasing out tape backup
of archived data, UNAVCO is using Amazon Glacier cloud storage services. The Glacier service
is very cost-effective as a backup solution since upload and storage is inexpensive. Recovery is
significantly more expensive, but this cost would be incurred only if both the primary and
secondary onsite online archive were to be lost in a catastrophic failure.
The software infrastructure and management capability for data set publication using Digital
Object Identifiers has been completed for GNSS data sets and the Archive staff has begun the
process of DOI minting.
Data Management Software. UNAVCO continues to develop and support the teqc (GNSS
Translation, Editing and Quality Checking) software package that is extensively used by the GPS
community and remains the foundation of data input and output for the UNAVCO GPS archive.
Teqc is used nationally and internationally for major networks such as SCIGN, BARGEN,
PANGA, and NASA’s GGN. Teqc software was downloaded an average of 49 times per day
during the final year of the report period. As an alternative to incorporating GNSS observables
into a new RINEX 3 format within teqc, RINEX 2.30 format specification is under development,
with capability to represent additional GNSS observables.
SOPAC Subaward. SOPAC, through a subaward to this Cooperative Agreement, provided
additional GPS archiving support including general maintenance and improvements for the on-
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line archive including global International GNSS Service (IGS) data and co-development of Web
Services-based method for exchange of metadata between UNAVCO and SOPAC.
MIT Subaward. MIT, through a sub-award to this Cooperative Agreement, provides data
processing support and training for the GAMIT/GLOBK GPS processing and analysis program.
Software, documentation and direct assistance to investigators are provided. Training courses
were
held
several
times
throughout
the
award
period.
See
http://facility.unavco.org/software/processing/gamit.html for more information.

SAR Data Archiving and Distribution
WInSAR and EarthScope SAR Archives
Management of the WInSAR Archive has been ongoing at the Data Center since 2005. During
the EarthScope MREFC, UNAVCO supported the GeoEarthScope SAR data acquisition through
data ordering and distribution. Throughout the reporting period, UNAVCO supported the
WInSAR Community with data ordering as well as data distribution support. Activities were
supported through a combination of this Cooperative Agreement, the EarthScope MREFC, the
WInSAR Grant (2008-2012), and the EarthScope Comprehensive SAR Archive Grant (2011present). The reports for those awards include additional detailed information on UNAVCO SAR
activities.
Due to the changing landscape of SAR missions with data of interest to the WInSAR
Community, UNAVCO’s activities have evolved over the course of the award period. In the final
year of the reporting period, the main activities have been tasking of DLRs TerraSAR-X satellite
and data ordering of archived data from DLR and ESA. UNAVCO orders ESA and TerraSAR-X
scenes in response to WInSAR user requests. The WInSAR Executive Committee along with
UNAVCO arranged for a tasking quota to be established with DLR for use by WInSAR. Tasking
orders for the TerraSAR-X mission based on WInSAR user requests have been placed on a
regular basis. UNAVCO has also begun archiving of WInSAR community TSX data in the
UNAVCO SAR Archive.
During the reporting period, 5,624 GB of SAR data were archived for WInSAR (Table 8), and
11,422 GB of data were downloaded from the archive. An additional 7,685 GB of EarthScope
SAR data were downloaded from the archive. WInSAR scenes from the European Space Agency
(ESA) are available without cost for acquisition under their open data policy; ESA Data can be
distributed to any North American WINSAR member data user. TSX data access is restricted to
Co-PIs associated with a specific project and approved by DLR. A monthly average of 14 unique
users accessed the SAR data archive during the final year of the report period.
Table 8. UNAVCO WInSAR archiving and data distribution metrics for the period from October 1, 2008 through
September 30, 2013.

SAR Data Archive Metrics for October 1, 2008 through September 30, 2013
Metric
Count or GB
SAR data archived for WInSAR
5,624 GB
SAR data distributed
11,422 GB
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SAR Archive IT Infrastructure and Software
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware,
database, software, and web presence. During 2011-2012, extensive upgrades were made to the
SAR archiving infrastructure, which included enhancements to both hardware and software
capabilities. Recent updates have been focused on developing data ingest capabilities to allow
UNAVCO to host data from newer satellite platforms such as CosmoSkyMed (CSK), which
WInSAR community users are beginning to utilize. Support for CSK data will ultimately be
integrated into the WInSAR data portal (https://winsar.unavco.org/portal/), developed during the
previous reporting periods, to provide enhanced management for TerraSAR-X data (PI
management of DLR proposals), search and status of TSX tasking activities (Figure 37) for both
WInSAR and Supersites, and WInSAR user utilities such as password reset.
Supersites support
For the GEO Supersites and Natural Laboratories initiative, and with support from NASA,
UNAVCO provides data ordering (from the European Space Agency), along 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. The most recent event supported was for the August 2012
Ahar, Iran earthquake and aftershocks.
Motivated by UNAVCO’s ongoing NASA ROSES ACCESS funded work to develop a Seamless
SAR Archive (SSARA), UNAVCO 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.
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Figure 37. WInSAR Portal interface, showing TerraSAR-X tasking overview and status.

3.0 Education and Community Engagement Activities
The Education and Community Engagement (ECE) program, formerly Education & Outreach,
supports community scientist and teacher professional development activities, education
materials development and dissemination, geo-workforce development initiatives, and
communications of community science and support. More than 4,100 interactions between
UNAVCO staff and a broad community of stakeholders occurred during the award period
(Figure 38).
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Figure 38. Total number of community educators reached annually 2008 through 2013 (2013 reports only January
through September). Teachers include secondary educators, faculty are college-level instructors participating in
professional development activities. Scientists are participants in science-focused activities such as the UNAVCO
Science Workshop, mentoring and short course instructors. Short course participants include researchers and
graduate students who completed a UNAVCO sponsored short course and interns are undergraduate students
participating in summer research internships through the RESESS program.

The broader impacts of UNAVCO are far reaching, even beyond the programmatic elements and
staff of ECE. UNAVCO hosts a biannual UNAVCO Science workshop, held in 2008, 2010, and
2012. A national and international UNAVCO community of scientists present their research and
provide input to UNAVCO staff to ensure community needs are met as the science evolves. Over
530 community scientists and graduate students participated in the three workshops with
UNAVCO providing financial support to more than 90 students. A student-scientist mentoring
program was piloted at the 2012 workshop, pairing graduate students with established scientists
in the UNAVCO community. The program was highly successful and is now a regular part of the
Science Workshop. UNAVCO staff members regularly interact with landowners, visit schools,
and inform other agencies and stakeholders of the activities and value of UNAVCO.
Professional Development Activities
UNAVCO trains graduate students and community members through multi-day technical short
courses. Short courses are led by community experts. UNAVCO provides logistical and financial
travel support for both graduate students and instructors. During the award period, UNAVCO
hosted 33 technical short courses on topics ranging from TLS and finite element modeling of
volcano deformation to GPS, strainmeter, and InSAR data processing. Over 730 registrants
participated in professional development during the award period; almost half of which were
graduate students.
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Educations Materials Development and Dissemination
Partnerships and collaborations with science education-focused organizations allowed UNAVCO
to conduct 27 education workshops reaching 1,980 secondary teachers and college faculty.
Topics focused on all aspects of UNAVCO science support and spanned the use of GPS data in
the classroom and tectonic plate motion and deformation, to episodic tremor and slip in Cascadia
and the use of GPS time series in the classroom. UNAVCO supports EarthScope National Office
workshops for professional interpreters each year, engaging a total of more than 150
professionals. The ECE program also provided educational support to the geodetic imaging
group at UNAVCO in TLS field education efforts through the development of field manuals,
evaluations and online resources.
Geo-Workforce Development
The UNAVCO facility is committed to growing the geodesy and geo-workforce and has
supported the Research Experiences in Solid Earth Science for Students (RESESS) program
through staff mentors and business systems support. Nineteen UNAVCO staff served as research
or communication mentors to undergraduate interns in the RESESS summer program,
contributing over 3,100 hours to support the development of research skills for these students.
Eighty-seven percent of RESESS interns have gone on to geoscience graduate programs or are
working in a geo-related field.
Community Communications
Communicating the science of the community to a broader audience was a primary focus of the
ECE program during the reporting period and continues under the new GAGE Facility. ECE
collaborates with the EarthScope National Office to feature Plate Boundary Observatory
instruments and data in the quarterly publications (InSights), reaching thousands of stakeholders.
A community bibliography is maintained by ECE, which catalogs peer-reviewed scholarly
publications that reference or utilize UNAVCO-supported instrumentation, engineering and data
services, and data products. The bibliography spans the period since 2003 and includes 6,168
papers. ECE and UNAVCO staff worked collaboratively to develop 126 program highlights and
31 Science Snapshots, and documented and shared over 115 news media stories. UNAVCO’s
social media program involves multiple UNAVCO and ECE staff and through the Facebook,
Twitter, and You Tube channels engaging with over 3,000 individuals annually.
The UNAVCO website is a primary mechanism for distributing information, news and resources
to the UNAVCO and broader community. Most community communications are channeled
through the website; it also includes a suite of pages dedicated to distribution of education and
outreach materials. Reach for the education and outreach pages, including the RESESS program,
during the award period is shown in Figure 39. The cumulative total of unique visitors was more
than 291,000.
One direct interaction between UNAVCO and the science community is through exhibit booths
at the Geological Society of America annual meeting and the American Geophysical Union Fall
Meeting. During these meetings, UNAVCO provided demonstrations, hosted community
meetings, and interacted with more than 4,500 geoscientists and graduate students.
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Figure 39.Total number of unique visitors to the UNAVCO education-related web pages of the RESESS program
and www.unavco.org. Website information architecture (navigation) was modified beginning in 2011 moving some
pages out of the education-related sections into higher levels of the website structure.
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