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Geodesy Advancing Geosciences and EarthScope:
GAGE Quarterly Project Report
Y2Q2: 01 January 2015 – 31 March 2015
0. Introduction
In this report, we present the program activities and broader impact of the second quarter of the second
fiscal year (Y2Q2) for Geodesy Advancing Geosciences and EarthScope: the GAGE Facility, under the
NSF Award EAR-1261833 to UNAVCO, Inc. The report includes four sections: (1) UNAVCO Community,
Governance and Management, (2) Geodetic Infrastructure Program, (3) Geodetic Data Services Program,
(4) Education and Community Engagement Program, and three Attachments: UNAVCO Proposal Log,
Budget and Variance Reporting, and Project Concerns. Each section is accompanied by performance
metrics that chart the contributions and progress of the GAGE Facility. Throughout this report, we
differentiate the work of the UNAVCO GAGE Facility and its activities from those of the UNAVCO
university consortium, which is a community of scientists with associated university membership,
governance, and oversight of the nonprofit corporation UNAVCO, Inc. and its management.

1. Community, Governance & Management
1.1 THE UNAVCO CONSORTIUM AND COMMUNITY
UNAVCO, a nonprofit, university-governed consortium, facilitates geoscience research and education
using geodesy. The consortium includes 106 US academic Members, nearly all of which are degreegranting institutions that participate in UNAVCO governance and science community. Another 94
Associate Members include organizations that share UNAVCO’s purpose at home and abroad, giving
UNAVCO global reach in advancing geodesy. During the current quarter, there were no new Members or
Associate Members.
Several thousand individuals from around the world formally interact with UNAVCO on an ongoing basis
through scientific collaborations, governance, science planning and engineering services, information
services, and its Education and Community Engagement program. The two largest list services include
643 subscribers to unav_all@unavco.org, and 662 subscribers to teqc@unavco.org - more than 1200
individuals when the ~5% overlap is taken into account; these are only the two largest of many, active
UNAVCO topical list services. Community reach is also furthered by the UNAVCO web site.
During GAGE Y2Q2, UNAVCO featured 5 new Geodetic Science Snapshot of community science:
● Mapping the seafloor with gravity models
● Uplift rate from ice loss on north Antarctic peninsula suggests more fluid upper mantle
● All the moveable pieces: Global model of plate tectonics
● Slip rates on the San Andreas Fault System
● Dynamic rupture model for the 2010 Haiti earthquake

Highlight:
UNAVCO community science shared with NSF Director
On February 20, 2015 NSF Director Dr. Frances Córdova and NSF EAR and GEO leadership met with
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UNAVCO President Dr. M. Meghan Miller at the NCAR Research Aviation Facility at Rocky Mountain
Metropolitan Airport in Broomfield, Colorado. The senior management team, select UNAVCO staff, and
several early career scientists joined them. The goal of the meeting was to inform Dr. Córdova of
UNAVCO’s history, role in Earthscope, and activities of Geodesy Advancing Geosciences and EarthScope
(GAGE), the NSF geodetic facility. This meeting was part of a larger tour of NSF’s GEO-supported
facilities in the Front Range.
Dr. Miller briefed Dr. Córdova on the UNAVCO community consortium, the origins of the UNAVCO Inc.
non-profit entity, and the existing and future Plate Boundary Observatory infrastructure as currently
outlined in the EarthScope science and operations plans. UNAVCO operates the EarthScope Plate
Boundary Observatory including operations and maintenance, and data communications and archiving.
UNAVCO also supports geophysics research through geodetic imaging instrumentation and data support
for both terrestrial laser scanning (TLS) and interferometric synthetic aperture radar (InSAR). Geodetic
Imaging Project Manager Christopher Crosby and Data Engineer Marianne Okal demonstrated
UNAVCO’s terrestrial laser scanning (TLS) technology and discussed how UNAVCO is using this
technology to support scientific endeavors in geodesy and also ecological and biological sciences.

UNAVCO presents to National Science Foundation (NSF) leadership on February 20, 2015. From left to
right: Margaret Cavanaugh, NSF/GEO (Deputy Assistant Director); Glen Mattioli, UNAVCO; Roger
Wakimoto, NSF/GEO (Assistant Director); James Olds, NSF/BIO (Assistant Director); France Cordova,
NSF (Director); Charles Meertens, UNAVCO; Meghan Miller, UNAVCO; Adrian Borsa, UCSD; Rowena
Lohman, Cornell; Diego Melgar, Berkeley; Christopher Crosby, UNAVCO; Donna Charlevoix, UNAVCO;
Carol Frost, NSF/EAR (Division Director). Not pictured: Marianne Okal, UNAVCO. (Photo/Marianne
Okal, UNAVCO)
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1.2 UNAVCO GOVERNANCE AND MANAGEMENT
UNAVCO Governance and Management activities for Y2Q2 included a number of efforts: (1) Installation
of the 2015 UNAVCO Board, now with 9 members, enacting the change in bylaws voted on by the
membership at its 2013 Annual Meeting to ensure disciplinary breadth that reflects the growing science
interests of UNAVCO’s broadening community. (2) The winter meeting of the Board in Arlington
Virginia during early February. (3) Streamlining of governance committees by elimination of the PBO
Working Group and integration of its ongoing members into the GI AC and GDS AC. (4) ECE Advisory
Committee meetings – both by teleconference and face-to-face. (5) Hosting a visit of NSF Director
France Cordova. (6) Initiated appointment of members of the 2015 UNAVCO Strategic Planning
Committee to formally renew the organization’s mission, vision and strategy for advancing geodesy on
behalf of its stakeholders – planned for June. (7) Support as requested to the planning committee for the
SAGE GAGE Future Facilities Workshop. (8) Participation in the organizing committee for IRIS’s Latin
American Geophysical Networks Workshop planned for late May, while laying the groundwork for an
expanded set of shared GPS/GNSS archives across the Americas. (9) Development of the GAGE Y3
Budget and Annual Program Plan began. Items 1 – 4, together with UNAVCO staff representation at
meetings and workshops are detailed below. There was no GAGE-supported PI foreign travel to report
for this quarter.
1.2.1 Y2Q2 Governance Activities
The ECE Advisory Committee met twice during the quarter. A teleconference call on January 15 focused
on reports on the recent exhibit booth at AGU and the upcoming face to face meeting of the committee in
Boulder. The committee met for 1.5 days in Boulder March 8 and 9. The committee met in executive
session on March 8 where they discussed the Future of the Facilities workshop in May. On March 9 the
committee provided input on the ECE field education initiative and the future of the geoscience
workforce development activities.
The Terrestrial Imaging Geodesy Working Group (TIGWiG) met in person in Boulder at the UNAVCO
Facility on February 11th. The group discussed approaches for sustaining the terrestrial laser scanning
(TLS) program at UNAVCO through additional funding, approaches for managing growing interest in
educational uses of TLS, and the role of emerging technologies such as structure from motion and
drones. A report from the TIGWiG is forthcoming.
During the winter Board Meeting, recurring topics include election of board officers, financial reporting
and a review of control measures, delegation of spending authority, program and external affairs
reporting, and an annual visit with foundation and agency staff. This year, the open session drew 27
visitors from the Foundation, federal agencies and OSTP.
1.2.2 Y2Q2 Management Activities
The focus in winter for planning, programmatic, and governance activities. The focus for Y2Q2 centered
on completing reports and support for planning for future facilities. We had good success with
recruitment during this quarter - including the filling of several key positions within Business Affairs.
UNAVCO is fully staffed.
1.2.3 UNAVCO Staff Representation at Meetings and Workshops, PI Foreign Travel
UNAVCO Staff represented community interests and presented facility contributions at a number of
meetings and workshops. UNAVCO governance and some informational meetings are also included here.
● American Meteorological Society Annual Meeting, January 4-8, Phoenix, AZ. Attended by D.
Charlevoix (ECE) and S. Olds (ECE).
● ESIP Winter 2015 meeting, January 6-9 Washington, DC. Attended by C. Crosby (GDS)
● Board of Directors meeting, February 5-6, Arlington, VA. Attended by M.M. Miller, D. Charlevoix,
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J. Magliocca, G. Mattioli, C. Meertens, B. Reinke, L. Rowan.
Terrestrial Imaging Geodesy Working Group (TIGWiG) meeting, Feb 11, Boulder, CO. Attended by
C. Crosby (GI/GDS), G. Mattioli (GI), M.M. Miller; partial participation by C. Meertens, M. Okal,
D. Phillips, K. Williams, D. Charlevoix (ECE)
EarthScope Education and Outreach Steering Committee meeting, February 19, Phoenix AZ.
Attended by D. Charlevoix
Hosted Frances Córdova, NSF Director meeting, February 20, Broomfield, CO. Attended by M.M.
Miller, D. Charlevoix, C. Crosby, G. Mattioli, C. Meertens, M. Okal
International Lidar Mapping Forum (ILMF), February 24th, Denver, CO. attended by M. Okal
(GDS), C. Crosby (GI/GDS), K. Williams, B. Hodge (GI).
Education and Community Engagement Advisory Committee (ECE-AC) meeting, March 8-9,
Boulder, CO. Attended by M. Miller, D. Charlevoix, B. Bartel, A. Morris, S. Olds, B. Pratt-Sitaula,
M. Weber
EarthCube Brokering Accessor Hack-a-Thon, March 11-12, Attended by Collin Molnar
DoT-Sponsored GPS Adjacent Band Compatibility Workshop III, attended by F. Blume and H.
Berglund via WebEx telecon, March 12.
Fringe 2015 SAR Workshop, ESA-ESRIN, March 23-27, Franscati (Rome)Italy. Attended by S.
Baker (GDS).
GNSS Receiver RFP Vendor Conference, March 24, Boulder, CO. Attended by F. Blume, H.
Berglund, G. Mattioli, W. Gallaher, D. Mencin, D. Mann, and J. Downing.
Polar Technology Conference, March 24-26, Denver, CO. Attended by J. Pettit (GI), N. Bayou
(GI),T. Nylen (GI), B. Hodge (GI).
Earth Science Data Systems Work Group Annual Meeting, March 24-26. Attended by D. Ertz
Land Surveyors of Washington Annual Meeting, Kennewick, WA. March 12-13. G. Mattioli gave a
three hour lecture on PBO status, data and data products, and prospects for the future of PBO
under GAGE and beyond 2018.
Earthquake Engineering Research Institute Annual Conference, Boston, MA. March 31 - April 3.
G. Mattioli attended technical sessions related to earthquake hazards in the eastern US. Focus was
on old cities, for example Boston, and how earthquake hazards could be better constrained and
mitigated.

1.2.4 Publications, Abstracts, and Other Products Created by UNAVCO Staff
Abstracts and Presentations:
● Olds, A., C. M. Puskas and J. J. Braun (2015), Applications of Geodetic Techniques to Atmospheric
and Environmental Studies, AMS Annual Meeting, Phoenix, AZ, 4-8 January.
● Baker, S., C. Crosby, C. Meertens, E. Fielding, G. Bryson, B. Buechler, J. Nicoll, C. Baru (2015),
SAR Archive and Community Support Activities at UNAVCO, Fringe 2015 Workshop, Frascati
(Rome) Italy, 23-27 March, http://seom.esa.int/fringe2015/files/presentation128.pdf.
● Mattioli, G.S. (2015), The EarthScope Plate Boundary Observatory: Current Status and Future
Directions, Land Surveyors of Washington Annual Meeting, Kennewick, WA, March 12-13,
http://www.lsaw.org.
1.2.5 GAGE Facility Products
UNAVCO supports community science and education through the development of products available via
the website and Knowledgebase (Table 1-1). During GAGE Y2Q2, 7 new UNAVCO Program Highlights
were featured on the UNAVCO home page, linked here:
● Workshop to Assess Field Education Support by the GAGE Facility
● Mount St. Helens Network Maintenance Brings All Stations Online
● RESESS Interns Present Research at Scientific Conferences
● UNAVCO Installs COCONet cGPS Sites CN39 and CN41 in Venezuela
● UNAVCO Installs COCONet cGPS Site CN01 and Upgrades Sites BGGY and CN00 in
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●
●

Antigua and Barbuda
Low-Cost Additions to the Plate Boundary Observatory for Earthquake Early
Warning
UNAVCO Community Science Shared with NSF Director

UNAVCO Program Highlights offer an opportunity to increase awareness of UNAVCO activities,
technology, engineering, education, and support. Highlights are consistently a "hot spot" on the
UNAVCO website. We increase the reach of Highlights by linking to it via social media. This is an
effective way to reach new and existing audiences. This quarter, we published a highlight describing the
addition of accelerometers on PBO subnetworks in the Bay Area and Southern California (Low-Cost
Additions to the Plate Boundary Observatory for Earthquake Early Warning). This highlight was highly
visible, garnering exceptional attention on Facebook. Our Facebook post was shared by EarthScope, the
Pacific Northwest Seismic Network, and, most significantly for its reach, the Geological Society of
America. Within three days, it was shared by 41 people and organizations, many of whom were
unfamiliar with UNAVCO. The ultimate "reach" was more than 13,000 Facebook users. In addition, a
colleague from a UNAVCO Associate Member institution in Italy contacted us and expressed interested
in implementing similar technology. This member cited the UNAVCO Program Highlight as bring this
idea to his attention.
Table 1-1. GAGE Facility products.
GAGE FACILITY PRODUCTS
Datasets Published by DOI
Knowledgebase Documents Created
Knowledgebase Documents Updated
Highlights Published
Science Snapshots Published

GAGE FY2-Q2
157
4
5
7
5

1.2.6 Broader Impacts for Community, Governance and Management
UNAVCO Websites. The UNAVCO websites are managed by the Web Team (Web Editor in Chief and
Web Administrators), Section Editors, and subject matter experts who contribute web content. Content
for the seven main sections of the primary UNAVCO website (Community, Projects, Instrumentation,
Data, Software, Science, and Education) are the responsibility of seven Section Editors. As part of our
Web Integration project, we have worked to migrate several dynamic content and web applications from
facility.unavco.org onto our main www.unavco.org web site. Several application and services remain to be
integrated, before we can retire facility.unavco.org, and represent an ongoing development effort for the
next quarter.
Our goal is to retire pbo.unavco.org and facility.unavco.org once all dynamic content and applications
have been migrated to www.unavco.org. In the interim, we use URL redirects to both pbo.unavco.org and
facility.unavco.org in order to bring their content and applications into the www.unavco.org namespace
in a virtual manner. We are currently monitoring user activity of the new integrated site to measure the
usage and understanding of our new information architecture and to track broken links from outside
parties. These insights enable us to provide iterative improvements to promote better site accessibility for
all users.

tool to reach
beyond to educators and the general public (Table 1-2A). The GAGE Facility also
provides infrastructure and maintenance support to websites for the Research
Experiences in Solid Earth Science for Students (RESESS) and Continuously Operating
Caribbean GPS Observational Network (COCONet) programs. A new TLALOCNet site is
The UNAVCO websites are a key resource for both the UNAVCO community and as a
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also under development. TABLE 1-2B shows the activity for individual domains UNAVCO
is responsible for maintaining.
UNAVCO provides web support to EarthScope through maintenance of the primary EarthScope website
(www.earthscope.org). The EarthScope website received routine updates.
Table 1-2A. Quarterly activity for the primary UNAVCO websites. The number of users metric quantifies
the number of different site visitors. A session is the period time a user is actively engaged with our
website. Users are those that have had at least one session within the past quarter (Includes both new
and returning users). Pageviews is the total number of pages viewed. Repeated views of a single page are
counted.
WEBSITE IMPACTS
GAGE FY2-Q2
Number of Users

59,407

Number of Sessions

90,779

Page Views

210,957

Table 1-2B. Breakdown of Table 1-2A by third order domain. Note that these metrics will change in
future reports with the reconfiguration of the web site.
NUMBER OF
NUMBER OF
WEBSITE
PAGE VIEWS
USERS
SESSIONS
Y2Q2 www.unavco.org
53,413
81,353
192,478
Y2Q2 facility.unavco.org
0
0
0
Y2Q2 pbo.unavco.org
2,669
4,434
7,328
Y2Q2 resess.unavco.org
27,757
4,149
9,598
Y2Q2 coconet.unavco.org
568
843
1,553
UNAVCO Outreach and Broader Impacts. UNAVCO data tools and products were featured in the
University of Illinois Massive Open Online Course (MOOC) taught by community member Dr. Stephen
Marshak during February and March. The MOOC: “Planet Earth…and You!" had 27,000 registrants from
around the world. This five-week course focused on earthquakes, plate tectonics and volcanoes.
UNAVCO’s Velocity Viewer, PBO GPS network, and InSAR were featured in lectures and homework
assignments in Week one. The second week highlighted the UNAVCO Plate Motion Calculator, and
UNAVCO GPS and data collection were featured again in lectures and assignments. By linking to and
using UNAVCO resources, this MOOC provided thousands of people around the world insight in to how
geodesy is used to understand Earth processes.
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Figure 1-1. A map showing approximate locations of the 27,000 participations in the Massive Open
Online Course (MOOC) that highlighted UNAVCO online tools and resources. The MOOC was taught by
UNAVCO community member Dr. Stephen Marshak from the University of Illinois.
Table 1-3. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE) for
Y2Q2.
OUTREACH: ACTIVITIES (QTY)

GAGE FY2-Q2

Short Courses

0

Education Workshops and Outreach Events

7

Internship Programs

0

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

GAGE FY2-Q2

Researchers + Research Faculty

15

University + College Faculty

4

Post-docs

2

8

Graduate Students

42

Undergraduate Students

15

Public / K-12 Students

20

K-12 Faculty

20

Other Professionals

5

Large Event visitors

1,720

2. Geodetic Infrastructure Program
2.1 OVERVIEW
This UNAVCO program integrates all geodetic infrastructure and data acquisition capabilities for
continuously operating observational networks and shorter-term deployments. Supported activities
include development and testing, advanced systems engineering, the construction, operation, and
maintenance of permanent geodetic instrument networks around the globe, and engineering services
tailored to PI project requirements. The GI program coordinates closely with Geodetic Data Services
program (Section 3) to assure the highest standards of data quality control, integrity of metadata, ease
and transparency of data access for the UNAVCO user community, and to provide appropriate and
timely metrics on data usage for sponsors. Major projects currently supported by the GI program include
the 1,112 station Plate Boundary Observatory (PBO), Polar networks in Greenland and Antarctica (GNET
and ANET, together known as POLENET), COCONet spanning the Caribbean plate boundary, the multidisciplinary AfricaArray, and several other smaller continuously observing geodetic networks.
Work continued on “MRI: TLALOCNet - Development of a continuous GPS-MET array in Mexico for
atmospheric, climatic, and seismotectonic research in the Americas" (EAR-1338091, $1,500,000; 9/1/13
– 8/31/17). Since the last report (GAGE Facility Y2Q1), continued progress on the construction phase of
TLALOCNet has been made, in coordination with our Mexican partners. The following new sites are now
online: TNPP (Topolobampo), TNTB (Puerto Peñasco), UGEO (Guadalajara), and UGAU
(Aguascallentes). The total number of TLALOCNet sites installed or upgraded now stands at twenty-one,
all of which are delivering data to the UNAVCO archive as of March 31, 2015. Another site is pending
data delivery once a minor communications issue is resolved.
The GI program also provides engineering services to individual PIs for shorter-term GPS and TLS
projects, and other investigator-led data acquisition that had been previously managed by the UNAVCO
Facility. While a large share of GI resources in GAGE is tied to ongoing O&M of the PBO, GGN, and
POLENET continuous GPS (cGPS) networks and ongoing support to PI projects, two key areas for
enhancement were identified through community input and delineated in the GAGE proposal:
●

The continued upgrade of PBO to high-rate (>1 Hz), low-latency (<1 s), well-hardened sites in
order to support research activities related to dynamic fault rupture and volcanic eruption
processes and for early detection of earthquake and volcano hazards and risk mitigation;

●

Continued evaluation and upgrade of all GPS receiver pools for implementation of full GNSS
capability.

Both of these tasks build on the specific recommendations of the Committee on National Requirements
for Precision Geodetic Infrastructure [NRC, 2010]. While these strategic initiatives were delayed during
GAGE Y1 and Y2Q2, impact to tasks (1) and (2) above have been mitigated in part through subsequent
acquisition of new instruments with non-GAGE funds.
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The Geodetic Infrastructure program has not ordered or received any new GNSS instruments as part of
the GAGE Facility, but plans to acquire additional instruments to support PBO and related networks
(COCONet and TLALOCNet), the EAR PI and PLR pools in Y2Q3. UNAVCO completed a Request for
Proposals from GNSS receiver manufacturers and received bids from three manufacturers. The D&T
group is currently evaluating the receivers and antennae and will provide input to the GNSS Preferred
Vendor Evaluation Committee in early May 2015. The final recommendation to the GI Director is
expected in mid-May. Once received, the committee’s recommendation will be reviewed and forwarded
with the GI Director’s recommendation to the UNAVCO President, who will make the final decision on
the GNSS instrument Preferred Vendor. The GI Director still maintains a goal to make a large purchase
of new GNSS hardware to start the process of PBO network renovation and upgrade in June 2015. If
funding is available in GAGE Y3, additional instruments will be purchased to continue this process.
The GI group completed the PBO-AK helicopter services RFP process in mid-February 2015 with a final
recommendation from the Helicopter Services Preferred Vendor Evaluation Committee, comprised of
technical, legal, and business staff. The GI Director reviewed and concurred with recommendation of the
committee and forwarded it to the UNAVCO President for final review and selection. The preferred
vendor, JL Aviation, was notified and accepted the designation of PBO-AK preferred vendor status for
helicopter services. The other respondents to the RFP were notified that they were not selected in late
February. The final Scope of Work for the 2015 PBO-AK field season was developed in during March and
the final fully executed contract is expected by the end of April. Helicopter operations are expected to
commence in Ketchikan, AK on May 31, 2015 and continue for 42 days.
At the close of Y2Q2, the GI group headcount remains at 42 with 40.75 FTE. There are no plans to add
additional staff to the GI group at this time.
The organizing committee for the “PBO Future in GAGE and Beyond 2018 workshop” completed the
final report for the workshop, summarizing and encapsulating community-vetted recommendations in
Y2Q2. The final report was submitted to NSF through research.gov in early April 2015 and approved by
NSF on April 9, 2015. A PDF copy of the report was made available for community on the UNAVCO
(2014 Community Workshop: The Future of PBO in the GAGE Facility Report), IRIS, and EarthScope
National Office websites after approval by NSF. In addition, it was also made available as background
information for participants in the upcoming “Future Seismic and Geodetic Facility Needs in the
Geosciences,” to be held at the Lansdowne Resort and Conference Center, Leesburg , Virginia on May 3
to 6, 2015. 	
  
A summary of the important support GI metrics for Y2Q2 is shown below in Table 2-1.
Table 2-1. Geodetic infrastructure metrics for GAGE.
GEODETIC INFRASTRUCTURE METRICS: SUMMARY OF KEY METRICS
PI Projects & Proposals Supported: NSF-EAR, NSF-Other (Qty)
PI Projects & Proposals Supported: NSF-PLR (Qty)
PI Projects & Proposals Supported: Other Community (Qty)
Permanent Stations Supported: NSF-EAR and Community, PBO and Related (Qty)
Permanent Stations Supported: NSF-PLR (Qty)
Permanent Stations Supported: NASA GGN (Qty)
PI PROJECTS SUPPORTED (QTY)
GPS NSF-EAR
GPS NSF-Other
GPS Other Community

GAGE FY2-Q2
13
7
13
2,149
146
62
GAGE FY2-Q2
6
4
11

GPS NSF-PLR Arctic
GPS NSF-PLR Antarctic

3
1

TLS NSF-EAR

0
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TLS NSF-Other
TLS Other Community
TLS NSF-PLR Arctic
TLS NSF-PLR Antarctic
PI PROPOSALS SUPPORTED (QTY)
GPS NSF-EAR
GPS NSF-Other
GPS Other Community
GPS NSF-PLR Arctic
GPS NSF-PLR Antarctic
TLS NSF-EAR
TLS NSF-Other
TLS Other Community
TLS NSF-PLR Arctic
TLS NSF-PLR Antarctic
UNIQUE PI's SUPPORTED (QTY)
GPS NSF-EAR: Projects and Proposals
GPS NSF-Other: Projects and Proposals
GPS Other Community: Projects and Proposals
GPS NSF-PLR Arctic: Projects and Proposals
GPS NSF-PLR Antarctic: Projects and Proposals
TLS NSF-EAR: Projects and Proposals
TLS NSF-Other: Projects and Proposals
TLS Other Community: Projects and Proposals
TLS NSF-PLR Arctic: Projects and Proposals
TLS NSF-PLR Antarctic: Projects and Proposals
PERMANENT STATIONS O&M (QTY)
GPS NSF-EAR and Community
GPS NSF-PLR Arctic
GPS NSF-PLR Antarctic
GPS NASA GGN
PBO GPS
PBO Borehole Seismometers
PBO Borehole Strainmeters
PBO Shallow Borehole Tiltmeters
PBO Pore Pressure Sensors
PBO Long Baseline Laser Strainmeters
POOL EQUIPMENT (QTY & UTILIZATION)
GPS NSF-EAR (# Receivers in Pool)
GPS NSF-EAR (Average % Utilization)
GPS NSF-EAR (Peak % Utilization)
GPS NSF-PLR Arctic (# Receivers in Pool)
GPS NSF-PLR Arctic (Average % Utilization)
GPS NSF-PLR Arctic (Peak % Utilization)
GPS NSF-PLR Antarctic (# Receivers in Pool)
GPS NSF-PLR Antarctic (Average % Utilization)
GPS NSF-PLR Antarctic (Peak % Utilization)
GPS Systems Repaired (UNAVCO & Community)
TLS (# Scanners in Pool)
DEVELOPMENT & TESTING (QTY)
D&T Projects Worked
D&T Projects Completed

3
0
0
0
GAGE FY2-Q2
0
0
1
1
2
0
0
1
0
0
GAGE FY2-Q2
5
4
12
3
1
0
3
1
0
0
GAGE FY2-Q2
808
61
85
62
1,132
79
75
26
23
6
GAGE FY2-Q2
672
75%
77%
125
65%
74%
208
70%
76%
80
6
GAGE FY2-Q2
13
5
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2.2 COMMUNITY AND CONTINUOUSLY OBSERVING NETWORKS
2.2.1 Plate Boundary Observatory and Related Projects
UNAVCO operated and maintained the following instruments this period as part of the PBO network:
● 1132 permanent GPS stations (1100 PBO core, 32 affiliated)
● 75 borehole strainmeters (74 PBO core, 1 NSF Continental Dynamics)
● 79 borehole seismometers (78 PBO core, 1 NSF Continental Dynamics)
● 23 borehole pore pressure sensors
● 26 shallow borehole tiltmeters
● 6 long baseline laser strainmeters
● 145 meteorological stations (118 core, 27 NOAA)
● 464 real-time streaming GPS stations (approximate total including ~422 PBO Core/Cascadia, 4
TLALOCNet, 38 COCONet)
2.2.1.1 cGPS Network
During GAGE Y2Q2, the PBO GPS and Related Networks Group completed a number of tasks in support
of the primary goal of maintaining the PBO GPS network at a high level of performance. There was also
significant progress made in the TLALOCNet project, with two more cGPS-Met stations completed,
which are both delivering data to the UNAVCO archive. Staff supported COCONet operations as well,
installing the second tide gauge instrument in Puerto Morelos, Mexico. PBO stations were upgraded to
be enabled for GNSS operations and MEMS accelerometers were installed at a number of PBO stations
in California. Lastly, in an attempt to streamline operations, UNAVCO staff were relocated to Anchorage,
Alaska based on project needs.

Figure 2-1. GPS uptime time series for PBO network from April 2009 through March 2015.
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GPS and Related Network Highlight: Low Cost Additions to the Plate Boundary Observatory for
Earthquake Early Warning
Between December 2014 and February 2015, UNAVCO installed 10 accelerometers at existing Plate
Boundary Observatory (PBO) GPS sites in the San Francisco Bay Area. Accelerometers in combination
with high-precision GPS data provide a new interdisciplinary data type: full spectrum displacements
based on an optimal combination of geodetic and seismic data. These can significantly improve finite
fault slip modeling through full waveform inversion of the earthquake source. Applied in real-time, these
data are an essential input in models for prototype earthquake early warning systems currently under
development in CA. The instruments are low-cost MEMS (micro-electro-mechanical system)
accelerometers, designed at the Scripps Institution for Oceanography. Tests with shake tables indicate
that the low-cost instruments are interchangeable with more expensive observatory-grade instruments in
boreholes.
This network upgrade follows a similar upgrade of 12 PBO sites in Southern California, in a joint project
between UNAVCO and Scripps.

Figure 2-2. EarthScope Plate Boundary Observatory station P248 near Antioch, CA, with an
accelerometer mounted on the center post of the GPS antenna monument. (Photo/Doerte Mann,
UNAVCO).
Other highlights from Y2Q2 include:
●
●

The 1100-station core PBO GPS network uptime percentage for the month of March was 94.8%.
For Y2Q2, the network uptime percentage was 94.5% and for the project since inception is
94.9%.
In GAGE Facility Y2Q2, there were 133 PBO GPS site visits, resolving 311 GPS issues during 378
engineer-days in the field. An additional 13 days of engineer travel involved required meetings
and training. Other PBO GPS Ops staff travel included activities related to Rio Grande Rift
support (3 days), TLALOCNet (41 days) and COCONet (20 days).
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●
●
●
●
●
●

●
●
●

The helicopter procurement decision was made after interviewing four potential vendors during
a competitive selection process. JL Aviation, based in Boring, OR, will be the preferred
helicopter contractor through September 30, 2018.
Ellie Boyce finalized the 2015 summer work plan for PBO-AK and developed a scope of work and
budget estimate for GAGE Y2 Alaska helicopter work.
Due to shifting project needs, Korey Dausz was relocated from Boulder, CO (PBO-East) to
Anchorage, AK (PBO-NW/Alaska) in March 2015. Since this relocation, Korey has been working
on equipment testing and procurement activities in preparation for 2015 AK summer fieldwork.
Heidi Willoughby worked with the PBO Permit Coordinator to develop a plan for upcoming
permit renewals (2015 thru 2018).
John Galetzka, Adam Woolace, Shawn Lawrence, and Chris Walls supported TLALOCNet
fieldwork in Y2Q2, assisting in the installation of two new cGPS-Met stations in Mexico (TNTB
in Topolobampo, Sinaloa and TNPP in Puerto Peñasco, Sonora).
PBO-SW engineers led by Doerte Mann completed the deployment of geodetic module MEMS
accelerometers in the Bay Area. Communications, receiver and antennas were upgraded. The
distribution of stations was based on community input to fill a gap in real-time monitoring
coverage of combined GPS and seismic data. The highlight can be viewed at
http://www.unavco.org/highlights/2015/accelerometers.html.
Twenty additional PBO stations are now fully GNSS capable following receiver and antenna
upgrades.
PBO-East engineers performed its annual winter maintenance trip to Yellowstone National Park,
using a snow coach to make repairs to several borehole strainmeter and GPS stations.
Adam Woolace met with staff from the Pacific Northwest Seismic Network to plan data
communications upgrades and co-located accelerometers along the Washington and Oregon
coast.

2.2.1.2 Borehole Geophysics
The Borehole Geophysics group continued to maintain the borehole strainmeter sensors in PBO with an
operational status of more than 95%. While winter is typically is a low point in annual operations of the
BSM network, mild conditions on the West Coast contributed to above average operations of this time of
year. Keeping the PBO BSM network running at a very high level was done while continuing the first
UNAVCO led borehole installations outside the PBO footprint. GeoGONAF, consisting of six boreholes
located in the Maramara region of Anatolia, is located nine time zones away from UNAVCO HQ, which
made travel and communications challenging for PBO BSM staff. In addition, development efforts
continue for follow on strainmeter manufacturing capability within the UNAVCO community
framework. The PBO borehole seismic network continues to see improved uptime due to hardening and
virtualization of internal dataflow systems with a near internal record of 98.1% in the last month of the
quarter.
Table 2-2. PBO borehole geophysics network uptime over Y2Q2.
Borehole
Strainmeter
Seismic
Tiltmeter
Number of stations
75
79
26
Uptime March 2015
95.2%
98.1%
81.3%
Uptime Q2 2015
94.2%
96.0%
86.3%
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Figure 2-3. PBO seismic network uptime time series from April 2009 through March 2015.

Figure 2-4. PBO Borehole strainmeter network uptime time series from April 2009 through March 2015.
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Figure 2-5. PBO tiltmeter network uptime time series from July 2012 through March 2015. Tiltmeter
network status is tracked on a quarterly basis.

Highlights
●
●

●

●
●
●
●
●

BSM field engineers resolved 45 PBO BSM maintenance issues with 44 field days in Q2 2015.
Additionally, in Q2 engineers spent 60 field days in Turkey, installing the Sivriada strainmeter
for the GeoGONAF project. To date, both island sites (Buyukada and Sivriada) have been
successfully installed, and three more strainmeter boreholes have been drilled. Power and
communications infrastructure at the installed sites has not yet been installed and awaits action
from our Turkish partners. Completion of the southern two boreholes is currently delayed until
weather and road conditions improve. Drilling for the Kandilli boreholes is expected to resume
shortly. UNAVCO engineers also assisted GFZ with logging and installation of 300 m seismic
boreholes on Buyukada and Sivriada.
BSM staff completed planning discussions with Larry Murdoch from Clemson about upcoming
DOE installation in Oklahoma. The current target install date is now in the Fall 2015 or Spring
2016. Location and depth of borehole will be determined using detailed stratigraphic
information that Clemson will provide.
The strainmeter installation grout Masterflow 1341 was recently renamed Masterflow 1206.
Testing was performed in Boulder in March 2015 to verify that grout workability remains
satisfactory.
A winter maintenance trip to Yellowstone included manual downloads of 3 lake level sensors (an
LSU supported project). Data collection had stopped due to full memory cards, but has now
resumed.
BSM staff continue to work towards bringing A/C power to B035, which is currently powered by
a propane Thermo-electric generator.
Continued GTSM data quality discussions during weekly meetings. The BSM group is in the
process of compiling historical equipment swap information to better quantify which actions
have resulted in improved quality.
Continue to add to BSM procedures documentation.

Planned Activities
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●
●
●
●
●

Completion of drilling, logging, and installation of four more boreholes near Istanbul.
Continued efforts to improve data quality at poorly performing BSM sites. Currently working
through a list of stations with potentially resolvable (electronic) issues.
Improve/finalize list of sites by data quality and scientific priority, which will be used to focus
maintenance efforts for increased cost-effectiveness.
Continue work on an analytical paper focused on the subject “Factors contributing to the
success/failure of a borehole strainmeter installation.” Will draw from all installation notes from
the PBO network.
Continue to work with Clemson on drilling plan for DOE project.

2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego

Long baseline laser strainmeter (LSM) network performance and data quality were
quite good this quarter, owing primarily to the near absence of harsh weather in
southern California (extending the current 4-year drought into 2015), and a range of
issues that could be easily resolved by UCSD personnel or volunteer field assistants.
Instrument laser problems, and the lack of additional funds to service them, were the
most significant issues this quarter, resulting in considerable work-hours invested in
efforts to sustain operation of the six LSM systems. For one station, SCS2, this resulted
in the loss of approximately one month of data, which then decreases confidence in our
ability to recover the secular strain. As reported last quarter, clear aseismic transientdeformations have recently been observed at PBO/LSM strainmeter sites DHL1/2
(along the southernmost San Andreas Fault), SCS1/2 (southern San Jacinto Fault
system), and CHL1/2 (north end of south-central San Andreas Fault). LSM data
products and signals are discussed in section 3.3.2.
Table 2-3. LSM instrument performance metrics (percentage of data recorded at each site) this period.
CHL1

CHL2

DHL2

GVS1

SCS1

SCS2

Network Average

2015-01

100%

99%

97%

99%

97%

100%

98%

2015-02

100%

100%

99%

100%

99%

67%

94%

2015-03

99%

99%

99%

100%

99%

50%

91%

2.2.1.4 PBO Network Data Return and Data Quality
The PBO network data return target is 85% for all data types except for tiltmeter, where data return is on
a best effort basis. The summary for all PBO sensor types is shown in Table 2-4. The time series for data
return percentage since the beginning of the initial 5-year PBO O&M award (EAR-0732947) is shown in
Figure 2-5. This period, all PBO data types except for pore pressure exceeded the data return target,
which dipped to 84% because of a low data return metric during January 2015.
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Table 2-4. PBO network cumulative data return percentage for quarter and since

beginning of PBO

O&M.
Period
Target
GAGE
FY2Q2
85%
Cumulative
since 2008-10 85%

Borehole
Laser
Strainmeter Strainmeter Tiltmeter

Pore
Pressure

GPS

Seismic

96%

100%

100%

100%

98%

84%

99%

96%

98%

100%

87%

92%

Figure 2-6. PBO network data return percentage from 30 September 2008 through 31 March 2015.
PBO network data return and data quality notes this period:
Borehole Strain
● The strainmeter network passed the data quality metrics criteria during GAGE Y2Q2. Over 70%
of the network has BSMs that are recording compression, are relatively free of unexplained
steps, and record a strong M2 tide and shear strain from teleseisms.
Three sites failed the requirement to record teleseismic shear this quarter: B006 in the Pacific
Northwest, B078 in Parkfield, CA and B206 in Yellowstone. B006 has never passed this metric.
Attempts to reduce noise levels at B078 in March 2015 failed to reduce noise levels. The
environmental box will be replaced. The B206 BSM requires a field visit for routine
maintenance, this will be done when Yellowstone National Park reopens for the season.
Pore pressure
●

●

Cumulative network data return for pore pressure did not meet the 85% target this quarter. This
is because two sensors (B081, B082) were offline most of the quarter.

●

B081, B082 and B084 failed the pore pressure data quality metrics of coherence with barometric
pressure. A site visit to B081 revealed the sensor has failed completely; it needs to be replaced.
B082 data quality is degraded by nearby hydrological pumping. B084 failed the metric as a
result of failure of the Marmot at the site, which will be replaced during the next maintenance
visit to Anza.

●

Data outages and noise probably caused by winter storms made it difficult to isolate the M2 tidal

Tilt
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●
●
●

signal at several of the Alaska tiltmeters. The instruments affected were: AV08 and AV13 on
Akutan and AV36 on Shishaldin.
Tiltmeter AV29 on Westdhal, AK, has been failing over the past 12 months and has been
completely offline since mid-February 2015.
Two Mt St Helens tiltmeters, P961 and P693, have also been affected by outages over the winter.
The Yellowstone tiltmeters have been collecting data throughout the winter with minimal
outages. These tiltmeters continue to record good quality data with very stable observed to
predicted tidal ratios.

The number and type of data quality metrics vary by data type. The summary for all PBO sensor types is
shown in Table 2-5. In this reporting period, all PBO data types exceeded data quality metric targets.
Table 2-5. Network performance metrics for PBO: data quality.
PBO NETWORK PERFORMANCE: DATA QUALITY (Pass/Fail)
PBO GPS
PBO Borehole Strainmeters
PBO Shallow Borehole Tiltmeters
PBO Pore Pressure Sensors
PBO Long Baseline Laser Strainmeters

GAGE Y2Q2
PASS
PASS
PASS
PASS
PASS

2.2.1.5 Real-Time GPS Network Operations
The average completeness across the UNAVCO RT-GPS network ranged from 80% to 86% for each
month of the Y2Q2. The median monthly latency across the network ranged from 202 to 226
milliseconds with 25% of the network typically having latency less than 170 milliseconds and 75% of the
network having latencies greater than 506 milliseconds (Table 2-6). These numbers are similar to the
previous quarter. Latencies in March were about 10% higher than in January 2015 (Figures 2-6A). Sites
with the highest latencies were clustered in the northern California, in the Mendocino area, and may
have been a result of winter storms (Figures 2-6B).

Table 2-6. Real-time GPS network completeness and latency for GAGE Y2Q2.
Month

Number of
Sites

Network
Completeness
(%)

Average
Latency*
(ms)

2015-01

458

83

1097

2015-02

463

80

2015-03

464

85

Median
Latency
(ms)

25%
(ms)

75%
(ms)

151

508

912

202
211

155

517

773

226

169

506

* Latencies are based on sites online during the quarter.
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Figure 2-7A. Real-time GPS latency during GAGE Y2Q2.

Figure 2-7B. Real-time GPS latency during GAGE Y2Q2, across the western US, based on March 2015
averages.
2.2.2 Field Support for the NASA GGN
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 62
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN) (Fig. 2-8). UNAVCO
staff monitor station network connections, ship new equipment to site operators as necessary, and
construct new permanent sites as directed by JPL. UNAVCO staff work closely with local collaborators at
each station for the purposes of routine maintenance as well as troubleshooting when data flow is
interrupted, and perform field maintenance and upgrades.
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75 receivers are monitored in the GGN, as 13 stations have two receivers connected to the same antenna.
Currently, 58 GGN stations are fully operational and provide daily files to the geodetic user community.
All four of the stations that are non-operational have suffered computer failures. New computer
equipment has been shipped to these sites and will be installed by local collaborators in the coming
quarter.

Figure 2-8. Operational state of the NASA GGN on December 31, 2014. Green indicates an operational
station, red indicates a two week or less interruption in computer connectivity, grey indicates a 3-week or
longer interruption in data flow.
In January 2015, UNAVCO personnel traveled to the island of Mahe in the Seychelles Archipelago to
oversee the installation of a new geodetic-quality monument adjacent the existing SEY1 station. The
SEY1 antenna is mounted on a seismic well head, which belongs to collaborators at the University of
California, San Diego (UCSD). Because of the ongoing disruptions resulting from maintenance work on
the UCSD seismometer, UNAVCO, with approval from JPL, opted to move the antenna to a new location.
The new SEY2 monument is located at a distance of 25 feet from the current antenna. Data from both
SEY1 and SEY2 will continue to be collected concurrently until June of 2015 when SEY1 will be
decommissioned and then demolished.
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Figure 2-9. The completed SEY2 monument is composed of 6" diameter steel pipe. It extends to the
bottom of the borehole and is secured with a mixture of Portland cement with a sand matrix. The
antenna stands approximately 6.5 feet above the ground.

Figure 2-10. Newly installed monument HAL1 at Haleakala summit observatory, Maui, HI
Four new GPS stations were deployed for NASA’s Space Geodesy Project (SGP); three of which (KOKF,
KOKG, and KOKR) are located at Koke’e Park Geophysical Observatory on Kauai, Hawai’i, and HAL1 at
the Haleakala observatory complex on Maui, Hawai’i. In addition, a campaign system was set up at
Koke’e in order to sample data quality to determine if an additional station would be viable. A
reconnaissance was also completed at Haleakala for a second station which may be installed within the
next year.NASA GGN Performance Metrics: Stations Monitored - 62; Receivers Monitored - 75;
Troubleshoots - 147.
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2.2.3 Polar Projects: POLENET
POLENET support is a year-round effort of the UNAVCO Polar team. With telemetered cGPS networks
in Greenland and Antarctica, the cycle of monitoring, planning, preparation and fieldwork is continuous.
GAGE Y2Q2 activities for Polar Services were focused on wrapping up the execution of the 2014-15
Antarctic field season, and providing maintenance to the remaining ANET cGPS network sites within
600 miles of McMurdo Station. GNET efforts continued related to data flow management and site
monitoring. As of the end of Y2Q2, 97% of the GNET network is telemetering data. At this time, only one
GNET site is not transmitting data. Overall GNET data recovery, measured by data that reaches the
UNAVCO archive, is currently 88%. For monthly averages, see Figure 2-8 below. A small drop in
recovery rates in Greenland is attributable in part to the failure of sites with bad data cards in 2014. We
are seeing the data rate recover now that the field maintenance was completed in August 2014. A map of
the sites making up the Greenland POLENET network can be seen in figure 2-9.

Figure 2-11. POLENET/GNET network status since inception. Solid red area shows the number of
stations operating through time (42 at close of Y2Q2). Orange line shows percentage cumulative monthly
data return.
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Figure 2-12. GNET continuously operating GPS stations in Greenland.
Field efforts for ANET focused on wrapping up the maintenance of existing sites located close to
McMurdo. UNAVCO visited a total of 44 ANET sites across West Antarctica in a marathon effort to
update and repair sites in this spatially dispersed network. A primary goal of the maintenance effort this
field season was to replace failing compact flash cards in Trimble NetRS GPS receivers. This effort was
100% successful. Also in 2014, Trimble identified an issue with a subset of choke ring GPS antennas that
can lead to an L2 tracking failure in about 5% of deployed devices, which fall within a specific temporal
manufacturing window. UNAVCO identified suspect antennas prior to the field season and the ANET
team replaced those to avoid possible L2 outages in the future. In addition to preventive maintenance
and repair, battery state of health analysis was performed at all visited sites. This type of testing on
GNET and ANET provides us with key data on long term battery capacity trends over the network. It is
noteworthy that the battery health within the networks, both in Greenland and in Antarctica is holding
up quite well. The total number of core ANET sites is currently 48. LARISSA (LARson Ice Shelf System),
a sister network operating on the Antarctic Peninsula, maintains ten additional stations.
The average cumulative ANET data recovery, measured by data that reaches the UNAVCO archive, is
currently at 86.9%. For monthly trend, see 2-10 below. Figure 2-11 highlights the locations of the ANET
and LARISSA network sites.
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Figure 2-13. POLENET/ANET and LARISSA network status since inception. Solid red area shows the
number of stations operating through time (58 at close of Y2Q2). Orange line shows monthly data return
percentage.

Figure 2-14. Locations of ANET and LARISSA continuously operating GPS stations in Antarctica. Orange
dots indicate sites installed during the 2014-2015 field season.
GNET Stations receiving maintenance field visits this quarter: 0
ANET Stations receiving maintenance field visits this quarter: 44
2.2.4 Network Engineering Support for Other Community GPS Networks
UNAVCO provides operations and management (O&M) support at various levels. GAGE Y2Q2 activities
included support to 808 continuously operating GPS stations in 64 different networks installed in
support of a PI project. Many of these stations continue to operate beyond the original award period. The
O&M support includes data downloads, state of health monitoring and reporting, resolving
communications and equipment issues, shipping replacement equipment, and working

with PIs and local contacts to resolve problems. UNAVCO, working closely with PIs and
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their collaborators, provides this O&M support at three broad levels:
●

●

●

High– UNAVCO provides centralized O&M support that may include retrieving
the data, monitoring station data flow, and proactively responding to problems
with data flow or station hardware. Problems are fixed remotely working with
collaborators if necessary. If maintenance trips or materials are required for O&M,
these are funded by the PI project.
Medium– PI or collaborators download the data from the stations, monitor
station data flow, and handle most problems themselves. UNAVCO provides
engineering and technical support on a request basis. Any UNAVCO Engineering
maintenance trips and materials required for O&M are covered by the PI project.
Low– UNAVCO provides only archiving support and a low-level of technical
support. UNAVCO does not monitor or download data from the stations.
UNAVCO provides engineering and technical support on a request basis.

The performance of each network varies greatly and primarily has to do with the method of data
downloading and delivery. Networks with stations that are online, with data downloaded and archived by
UNAVCO, typically show a higher data return percentage than those that are manually downloaded.
RAPID-Bolivia (100%), COCONet (92%) and HoustonNet (98%) are examples of these types of
networks. In contrast, networks that are in remote areas, not online and downloaded periodically, yield
lower percentage or no data returned for a particular quarter; however, the overall data return is
commonly similar to that are online. During the GAGE Y2Q2 the average data return for all the stations
was at 65%.

2.3 PI PROJECT SUPPORT
2.3.1 EAR PI GPS Project Engineering and Equipment Support
UNAVCO provides state-of-the-art GNSS equipment and engineering services to PI projects. This
includes project management (both GNSS and TLS), planning, installation, operations and maintenance
of continuous, permanent GPS/GNSS station networks around the globe. Engineers and technicians also
undertake technology development, testing, and systems integration to support new project demands.
2.3.1.1 GPS PI Project Support
In GAGE Y2Q2, 21 PI projects (6 NSF-EAR, 4 NSF-Other, and 11 Community) were supported by
UNAVCO. UNAVCO staff was involved in proposal development, project planning, network design,
monument design, equipment preparation and installation, and establishing real-time data flow.
Additionally, UNAVCO supported 1 new PI proposal (0 NSF-EAR, 0 NSF-Other, and 1 Community).
During the GAGE Y2Q2 UNAVCO was notified that a full cost recovery project bid, which will provide
support for the development of a CORS in the Kingdom of Saudi Arabia (KSA), would be awarded. This
$2.6m project will provide 110 cGPS plug and play systems to be installed by the KSA collaborators.
2.3.1.2 GPS Instrument Pool
The UNAVCO GAGE receiver pool now consists of 672 GPS or GPS/GNSS-capable receivers (Figure 212) following the addition of five receivers this quarter. The receiver pool consists of Topcon GB1000,
and Trimble NetR9, NetRS and R7 receivers purchased by UNAVCO for use as both campaign
instruments and to support for specific NSF-EAR projects and thus are deployed in semi-permanent
installations. This reporting period saw a continued high level of utilization of the UNAVCO receiver pool
with an average of 75% (Figure 2-13). UNAVCO continues to upgrade the receiver pool with the latest in
GNSS-capable receivers available. We plan to augment the receiver pool in Y2Q3 with an additional 20
Trimble NetR9 (or similar) receivers based on the outcome of the GNSS receiver RFP process.
2.3.1.3 GPS Instrument Repairs
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The GAGE Facility is an authorized Trimble repair facility. Since the introduction of the Trimble NetRS
and now up to the recent release of their latest GNSS product, the NetR9, the UNAVCO community has
purchased thousands of receivers through the UNAVCO-community purchase program. With this
program new receivers come with a five-year warranty with the stipulation that repairs are handled by
UNAVCO. This arrangement has brought the costs down for equipment purchases and further enables
GPS instruments to be used for longer periods of time. During this reporting period, UNAVCO processed
80 Return Merchandise Authorizations (RMAs). This includes repairs for GPS receivers, antennas, and
surface meteorological packages. The repairs ranged from handling RMA submissions to vendors to
board level repairs. An offsite contractor is currently providing this PI-support service to UNAVCO.

Figure 2-15. UNAVCO NSF-EAR receiver pool inventory from 01 October 2003 through 31 March 2015.
Note: the drop in 2006 is due the NSF-PLR pool no longer being included in the metric.

Figure 2-16. UNAVCO NSF-EAR receiver pool utilization from 01 October 2003 through 31 March 2015.
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.
2.3.2 Polar Services
The UNAVCO Polar engineering team wrapped up the Antarctic field season during the early part of this
quarter. Prior to leaving Antarctica, the UNAVCO field engineering team provided PI support to a total of
24 GPS projects during the season (23 in Q1, 1 in Q2) and the Polar team was very busy right up to their
mid February northbound flight. With such a large project load being launched out of a singular logistics
hub, McMurdo Station, it is far more effective for the UNAVCO Polar engineering team to operate
directly in Antarctica. UNAVCO staff traveled widely on the continent in support of the ANET project, as
well as providing direct support for other PI projects more near to McMurdo Station. The hiring of two
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new full time engineers in late in Y1Q4 brought the Polar team back to an appropriate level for high
quality PI support. This addition of staff underpinned the demanding field season and helped to ease the
challenges associated with prolonged deployments to Antarctica. The polar FTE count is currently seven,
with five engineers, one technician and one project manager. Seven UNAVCO staff provided support
over the course of the Antarctic field season. As reported previously, the GI Director also supported PI
projects this austral summer season.
Efforts continued on a number of GPS and TLS field campaigns as well as the field maintenance push for
the ANET stations. The 2014-15 field season included providing ongoing monitoring of PI cGPS
networks operating on the continent, including ANET and LARISSA (see above for detailed metrics).
UNAVCO engineers provided follow up Terrestrial Laser Scanning (TLS) support to two projects this
quarter. This support was in continuation of projects supported in Q1 and was therefore reported in the
Q1 metrics and not again in Q2. TLS demand is generally steady, and the variety of scanning applications
is growing. We note that most TLS projects also have a GPS component, which results in the higher
demand for GPS instruments. UNAVCO engineers employ both the longer-range Riegl VZ-1000 scanner
and a shorter-range VZ-400 for polar field applications. This suite of scanners enables a broad range of
uses, including small scale volumetric estimates and change detection. Project locations centered
primarily in the McMurdo Dry Valleys and at the summit of Mount Erebus this year, with TLS used as a
tool for change detection. The TLS scanning support this quarter was provided for PI’s Diane McKnight
and Michael Gooseff for the McMurdo Dry Valleys Long Term Ecological Research program.
While the Arctic season doesn’t fully get underway until Q3, UNAVCO provided support to three
campaign projects this quarter. Earlier starts are now more common for the Arctic than even a few years
ago. Also, UNAVCO provides ongoing monitoring of PI cGPS networks operating in Greenland, including
GNET and GLISN year round.
UNAVCO monitors and maintains several non-POLENET GPS networks in the Arctic and the Antarctic
described in the accompanying GI spreadsheet tab “PI Projects Supported.” UNAVCO also maintains
GPS reference stations and forward-deployed equipment at multiple locations. In the Arctic, these can be
found at Barrow, Atqasuk, Toolik camps in Alaska and Summit Station in Greenland. In Antarctica, these
are found at three continuously operated US research stations: McMurdo Station, Palmer Station and the
Amundsen-Scott South Pole Station. Currently there are 125 GPS systems in the Arctic pool and 208
systems in the Antarctic pool. Many of these are deployed year round in support of continuous stations
in Greenland and Antarctica.
2.3.3 Geodetic Imaging (TLS)
Geodetic Imaging TLS activities during the GAGE Y2Q2 period included engineering support for PI
projects, planning support for PI proposals, education and outreach, and resource development. In
GAGE Y2Q2, a total of 3 TLS field projects (3 NSF-other) and 1 proposal (1 other community) were
supported by the Geodetic Imaging program (Figure 2-14).
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Figure 2-17. Number of TLS projects and proposals supported by UNAVCO through March 31, 2015.
To meet the needs of a growing and diversifying TLS user community, UNAVCO is actively developing
training resources and documentation to support Earth science TLS users. New documents and entries
were
added
to
the
TLS
Knowledgebase
during
the
current
reporting
period
(http://facility.unavco.org/kb/categories/Geodetic+Imaging/Terrestrial+Laser+Scanning+(TLS)/). New
documents on TLS validation procedures, software license server access, and TLS instrument service
histories were also added to the internal UNAVCO wiki.
A focus during GAGE Y2Q2 was to address TLS instrument repairs. Two TLS systems were serviced at
the Riegl factory in Horn, Austria. One system underwent a planned upgrade to add integrated digital
compass and RTK GPS capability, and also was repaired to address issues identified by the factory. A
second system was repaired to address a failure that occurred during the 2014-2015 Antarctic field
season. Also ongoing is work to evaluate updates to field computers and TLS spare cables and accessories
in anticipation of the upcoming 2015 summer field season.
The Terrestrial Imaging Geodesy Working Group (TIGWiG) met in person in Boulder at the UNAVCO
Facility on February 11, 2015. The group discussed approaches for sustaining the terrestrial laser
scanning (TLS) program at UNAVCO through additional funding, approaches for managing growing
interest in educational uses of TLS, and the role of emerging technologies such as structure from motion
and drones. A report from the TIGWiG is forthcoming.

2.4 DEVELOPMENT AND TESTING
The GAGE Facility Development and Testing effort is staffed by 2.75 FTE at the Project Manager III,
Engineer III and Engineer II levels, and now also incorporates the PBO strainmeter and GPS testing
efforts. Ad hoc contributions to individual D&T projects from other UNAVCO groups have been critical
to the effort, with individuals participating in projects of direct interest to their operational efforts. The
ongoing development of teqc software and implementation of server-based real-time GPS positioning
capabilities in close collaboration with GDS are important ongoing projects undertaken by the D&T staff.
As dictated by the Development and Testing Product Council, the group’s activities continue to be
oriented toward three important strategic goals: development of battery monitoring tools, which can
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help realize economy and efficiency of field operations; evaluation of cellular data communications
systems suitable for use anywhere in the world; and evaluation of real-time positioning methods, both
receiver- and server-based, for use in earthquake early detection and other monitoring applications.

Figures 2-18. Results from the five 7 G amplified ground motion simulation experiments. (left) The sum
of valid L1 observations per epoch retrieved from the GPS RINEX data. (middle) The sum of valid L2
observations per epoch retrieved from the GPS RINEX data. (right) Acceleration magnitude time series
as calculated from the triaxial accelerometer data. Experiment order: (a) Trimble NetRS, (b) Topcon
Net-G3A, (c) Trimble NetR9, (d) Septentrio PolaRx4 PRO, and (e) Javad SIGMA. Ref: Berglund, H., F.
Blume and A. Prantner, 2015 Effects of Earthquake Ground Motion on Tracking Characteristics of New
Global Navigation Satellite System Receivers, Geoph Res Lett, 04/2015; DOI:10.1002/2015GL063539.
Work on several ongoing D&T projects continued during Y2Q2, with additional receiver-shaking
capability recently added to our earthquake-simulating GNSS hardware actuator, and evaluation and
deployment of the Sierra Wireless LS300 cellular modems at PBO stations. A new NetR9 firmware
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release from Trimble was tested and accepted for field deployment at UNAVCO-operated stations.
Extensive effort was devoted to the development of specifications and documentation for a Request for
Proposals (RFP) from GNSS hardware manufacturers to become a UNAVCO Preferred Vendor, giving
UNAVCO and it’s community the opportunity to purchase GNSS hardware at competitive prices. The
RFP was crafted by UNAVCO staff from all directorates with D&T staff responsible for the technical
details and coordination among project teams and Directors. The document was published on
UNAVCO’s website on March 2, and following a period of discussion with various GNSS manufacturers
the RFP was amended on March 17. On the closing date we received three competitive responses, and
conferences with each of the respondents were held on March 24th. Detailed evaluation of the proposed
systems is now underway, with final selection of the preferred vendor scheduled for May 22.
H. Berglund and F. Blume completed submission and revision of "Effects of Earthquake Ground Motion
on Tracking Characteristics of New Global Navigation Satellite System Receivers" to Geophysical
Research Letters. The revised paper was accepted for publication on April 2 and will appear in the next
issue of GRL. The paper presents results and conclusions from earthquake simulations performed on an
outdoor shaketable, showing how GNSS system performance is affected by strong shaking.
D&T Performance Metrics Y2Q2: 13 Development and Testing Projects in progress, 5 Completed.

2.5 GI PROGRAM SUMMARY
This has been another busy quarter for the GI program with the ongoing efforts related to the
challenging borehole strainmeter installations in Turkey, the new cGPS/Met station installations in
Mexico for TLALOCNet, the continued efforts to complete construction of COCONet and HoustonNET.
After many months of delay, significant progress was made toward completing the COCONet
installations in Venezuela. The first site was installed in Y2Q2 at Quebrada Arriba (CN39) and is
delivering data to the UNAVCO archive and a second site is pending (CN41) and should come online
soon. TLALOCNet continues to move forward and four new sites were installed in Y2Q2 with three of
the four already transmitting data to the UNAVCO archive. The final site installations for HoustonNET
were completed in GAGE Y2Q2. A total of 46 stations are part of HoustonNet, with nearly all stations
current in the UNAVCO archive at the close of Y2Q2. UNAVCO staff will continue to monitor station
status of health and data telemetry. Drilling and installation of the second Sea of Marmara island site
was completed in GAGE Y2Q2. Another borehole, part of the expansion of GeoGONAF from four to six
installations with additional funding from Istanbul Development Agency to Kandilli Observatory, was
also completed, but the BSM instrument string was not installed. We anticipate that the instrument
string will be installed in GAGE Y2Q3. The PBO Futures Workshop Final Report was submitted and
approved by NSF and now is publically available through various EarthScope websites. Finally, at the
end of Y2Q2, the the GI group headcount remains at 42 with 40.75 FTE.

3. Geodetic Data Services Program
3.1 OVERVIEW
The Geodetic Data Services (GDS) program manages a complex set of metadata and data flow operations
providing a wide range of geodetic/geophysical observations to scientific and educational communities.
Sensors currently include GPS (downloaded files and streaming real-time (RT-GPS)), borehole
geophysics instrumentation (strainmeters, tiltmeters, seismometers, pore pressure and meteorological
sensors), long baseline laser strainmeters, and terrestrial laser scanners. Field data are acquired either
from continuously operating sites or episodic “campaign” surveys conducted the community. UNAVCO
also acquires and distributes satellite synthetic aperture radar (SAR) data from foreign space agencies.
GDS services include data operations (managing metadata; data downloading, ingesting and

31

preprocessing); data products and services (generating processed results and QA/QC and state-of-health
monitoring); data management and archiving (distribution and curation); cyberinfrastructure; and
information technology (systems and web administration). In order to perform this mission, GDS
maintains a technical staff, onsite and offsite computer facilities with networking, servers and disc
storage, and manages a number of subawards to university groups who provide additional products,
software and training.
Some highlights of activities for the GAGE Y2Q2 quarter include:
1) UNAVCO provides high-rate (1 Hz), low-latency (<1 s) GPS data streams (RT-GPS) from
approximately 464 stations. The entire RT-GPS computer network was upgraded and the PIVOT RTGPS software that manages data flow was upgraded from version 2.5.9 to 3.5.
2) Progress was made to automate the collection of seismic, BSM and LSM metrics. Worked with IRIS to
develop a consistent reporting file for these metrics that is available every month and automated the
process to gather data from file and store in database for reporting.
3) Replacement of the New Mexico Tech Analysis Center computer server cluster lost in Y1Q4 (due to
flooding of the computer room) was completed in January. The new 10-node cluster is situated in a
campus server room and maintained by a campus system administrator.
4) Approximately 30 stations, mostly associated with the TLALOCNet project in Mexico, were added to
the processing stream this quarter.
5) Additional resources were added to the new GPS data products web page including a new GAGE GPS
AC Products Log which communicates changes or issues that affect products from a user perspective. We
also introduced a new Google+ web page focusing on GAGE GPS data products that is meant to
encourage 2-way communications between UNAVCO staff, GAGE, other analysis centers, and
community users.
6) The volume of data delivered for BSM raw data and derived products exceeded 1 Tb for the first time
since inception.
7) Several archiving software and hardware infrastructure improvement targets and routine
development tasks were completed this quarter including an upgrade of archive systems data flow
module to the latest version of Unidata’s Local Data Manager (LDM) and addition local storage on a
dedicated server bypasses slowness for disk writes that have been encountered on the virtual machine
SAN storage system.
8) The volume of data of all types delivered (18,855 GB/quarter) continues to be over twice the volume
archived (9,035 GB/quarter).
9) We are now distributing the monthly and quarterly “snapshot” velocity fields that MIT generates in
the NAM08 reference frame based on the time series analysis of all data processed to that time.
10) Data from TLS PI projects continue to be added to the archive as projects are completed, with
approximately. With additional staff employed in this task, and process put in place there was a 10-fold
increase in TLS data added this quarter to 590 GB. High levels of archiving will be realized over the next
few quarters as a backlog of projects are fully processed.
11) There was a significant increase in the volume of SAR data archived in Y2Q2 due to temporary
Sentinel-1 holdings until data become routinely available from NASA via the Alaska Satellite Facility.
12) During this reporting period we have initiated the development of a new TLS data archive and access
system based loosely on the system that underlies the WInSAR Portal. GDS will be receiving
supplementary funding for integration of TLS and SAR archives into EarthCube GeoWS-compatible web
services. Work will commence in Y2Q3.
13) UNAVCO is also spearheading an effort to move IGS forward with automated exchange metadata
among IGS data centers using XML. During this quarter, comments were solicited from about a dozen
global participants on the IGS XML schema developed by SOPAC as the vehicle to move ahead. There
will be a Global Geodetic Observing System (GGOS) level workshop hosted by GGOS and UNAVCO in
Summer, 2015, to broaden this discussion to other services.
GDS data metrics are summarized below in Tables 3-1 and 3-2.
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Table 3-1. Geodetic Data Services metrics for GAGE facility.
GEODETIC DATA METRICS: SUMMARY OF KEY METRICS
Campaigns Archived - All Sensors (Qty)
Permanent Stations Archived - All Sensors (Qty)
Data Volume Archived - All Products (GB)
Data Volume Delivered - All Products (GB)
PBO Data Volume Archived - All Products (GB)
PBO Data Volume Delivered - All Products (GB)
CAMPAIGNS ARCHIVED (QTY)
GPS
TLS
PERMANENT STATIONS ARCHIVED (QTY)
GPS - All sample rates and delivery methods
GPS High Rate (1-Hz and Higher)
Delivered via Stream
Delivered via Download, Continuous
Delivered via Download, Intermittent
Seismic
BSM
Tilt
Pore
LSM
TOTAL STATIONS W/ DATA MAINTAINED IN ARCHIVE (QTY)
GPS - All Stations with Data
GPS - All Campaigns with Data
GPS - All Permanent Stations with Data
Seismic
BSM
Tilt
Pore
LSM
DATA VOLUME ARCHIVED (GB)
GPS - All sample rates and delivery methods
GPS Standard Rate
GPS High Rate
GPS Data Products (Level 2 and higher)
Seismic
BSM Raw Data
BSM Data Products
Tilt
Pore
LSM Raw Data
LSM Data Products
SAR
TLS
DATA VOLUME DELIVERED (GB)
GPS - All sample rates and delivery methods
GPS Standard Rate
GPS High Rate
GPS Data Products (Level 2 and higher)
GPS Real Time Streams
Seismic

GAGE FY2-Q2
17
2,868
9,035
18,855
3,261
14,576
GAGE FY2-Q2
4
13
GAGE FY2-Q2
2,649
596
417
168
18
83
81
26
23
6
GAGE FY2-Q2
12,755
959
3,116
84
82
27
23
6
GAGE FY2-Q2
3,606
1,076
1,699
831
301
89
0.4
1
2
3
0.005
4,443
590
GAGE FY2-Q2
11,905
4,608
1,040
1,870
4,387
5,897
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BSM Raw Data
BSM Data Products
Tilt
Pore
LSM Raw Data
LSM Data Products
SAR
TLS
DATA USERS (MONTHLY AVERAGE, QTY)
GPS Standard Rate (unique IP's)
GPS High Rate (unique IP's)
GPS Data Products (unique IP's)
GPS Real Time Streams (active registered users)
Seismic (2nd level domains)
BSM Raw Data (2nd level domains)
BSM Data Products (2nd level domains)
Tilt (2nd level domains)
Pore (2nd level domains)
LSM Raw Data (2nd level domains)
LSM Data Products (2nd level domains)
ALS (unique users reported by OpenTopography)
SAR (active registered users)
TLS (unique IP's)
CUSTOM HIGH RATE GPS DATA REQUESTS THIS PERIOD (QTY)
Event response
Total
NSF & NASA COMMUNITY SOFTWARE (QTY)
TEQC downloads
TEQC information requests
ISCE downloads

4
62
0.6
57
0.1
0.1
899
30
GAGE FY2-Q2
1,689
37
146
67
63
24
14
3
3
6
4
107
21
7
GAGE FY2-Q2
0
2
GAGE FY2-Q2
10,206
180
161

Table 3-2. Geodetic data metrics for PBO network.
PBO DATA VOLUME ARCHIVED (GB)
PBO GPS
PBO GPS Standard Rate
PBO GPS High Rate
PBO GPS Data Products (Level 2 and higher)
PBO Seismic
PBO BSM Raw Data
PBO BSM Data Products (Level 2 and higher)
PBO Tilt
PBO Pore
PBO LSM
PBO LSM Data Products (Level 2 and higher)
PBO DATA VOLUME DELIVERED (GB)
PBO GPS
PBO GPS Standard Rate
PBO GPS High Rate

GAGE FY2-Q2
2,882
474
1,577
831
284
89
0.4
1
2
2.7
0.1
GAGE FY2-Q2
8,665
1,368
1,040
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PBO GPS Data Products (Level 2 and higher)
PBO GPS Real Time Streams
PBO Seismic
PBO BSM Raw Data
PBO BSM Data Products (Level 2 and higher)
PBO Met
PBO Tilt
PBO Pore
PBO LSM Raw Data
PBO LSM Data Products (Level 2 and higher)

1,870
4,387
5,780
34
33
6.1
0.6
57
0.1
0.1

Figure 3-1. Cumulative total UNAVCO data archived from January 1, 2004 through March 31, 2015.
More than 141 TB of data were archived during this time. Note total reported this quarter lower than last
due to metrics corrections.
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Figure 3-2. Cumulative PBO data delivered from 01 October 2004 through 31 March 2015.
Approximately 200 TB of PBO data were delivered to users during this time.

Figure 3-3. Number of UNAVCO data users by quarter from 01 January 2009 through 31 March 2015,
including 2,300+ users this quarter. The method of counting users varies by data product, for example
by unique IP address, second level domain or active registered user. Values in this figure are consistent
with the user count method given in the Data Users section of Table 3-1.
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3.2 DATA OPERATIONS AND MANAGEMENT
3.2.1 Network Data Flow
Network data flow includes data and metadata management from the field to the Boulder operations
center, a critical activity in support of data archiving and distribution (for related performance metrics,
see Table 3-1). Staff with responsibilities for data and metadata flow focus on timely handling of
operational flow and any issues as they arise. Work has started to modify the MetaData Manager tool
(MDM) to address an operational issue that occurs when a station is administered within MDM at an
incorrect site. This occurred several times during the last quarter. A significant amount of time is spent
cleaning up the data that is generated when this occurs.
The work to automate the collection of Real Time GPS metrics was completed this quarter and
information for daily processing is being collected. Several discrepancies were found when automated
results were compared against those collected manually. Investigation into these lead to minimal
reduction in user counts as well as data delivered totals. Metrics data for Real Time back to 2013 were
loaded into the new system and will be ready when system is deployed into production. Initial work on
the web site to display the data collected was also demonstrated. This interface allows users to initially
display data for a user selected period, with the ability to get more detail for an individual period.
Started work to automate the collection of seismic, BSM and LSM metrics. Worked with IRIS to develop
a consistent reporting file for these metrics that is available every month. Automated the process to
gather data from file and store in database for reporting. Data for these metrics also come from a variety
of locations within UNAVCO. Development has started to automate the collection of this additional
data.
Resources in Boulder supported the completion and continue to monitor the deployment of the
additional accelerometers in the San Francisco Bay area. These additional stations increased the number
of collection sites to 27. An issue having to do with lower completeness metrics from certain sites was
reported by UCSD. Further investigation into this issue found that the lower counts for completeness are
associated with stations that are on multiple hop radio communication networks.
Project initiated to correct data collected from tilt instruments that have a compass. In addition, this
project is modifying the collection of data for tilt and pore instruments such that the data will no longer
be stored in the MDM database. This will help improve overall performance of database and web services
supporting these instruments. The automation of collection of metrics for these instruments will also be
included within this development work.
Adding enhancements to GPS time series web services developed for EarthCube Building Blocks project.
A major enhancement will provide requesters with the ability to specify the analysis center results to use
for fulfilling the request. This will allow users to compare results from each center. To make sure results
are consistent, the web service was modified to use X-Y-Z coordinate results from center requested and
pass this data through code to convert to NEU coordinates before passing back the results.
Collin Molnar attended Accessor hackathon partially sponsored by the EarthCube BCube project to learn
how to use an Accessor Development Kit and build accessors for UNAVCO data. He modified an earlier
UNAVCO accessor such that it now provides additional station metadata and has begun work on
additional accessors for other types of data.

3.2.2 Campaign Data Flow
Data flow for GPS campaigns was minimal again this quarter with an average of just over 1 campaign per
month handled (Table 3-1). There were no maintenance or improvements to GPS campaign data flow for
the quarter. Thirteen TLS campaigns were archived this period via the RAMADDA system.
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3.3 DATA PRODUCTS
3.3.1 GPS/GNSS Data Processing and Products
The GAGE GPS Analysis Centers (ACs) and Analysis Center Coordinator (ACC) processed data and
provided products this quarter from 1,882 GPS stations in the PBO, COCONet, GAMA and SCIGN
networks as well as NGS CORS and other regional stations in middle and eastern North America.
Routine data processing and product operations were stable this period. High rate (1-Hz and 5-Hz) GPS
data were provided in response to events and custom requests described in section 3.3.1.5.
Additional resources were added to the new GPS data products web page. Of particular note is the new
GAGE GPS AC Products Log which communicates changes or issues that affect products from a user
perspective:
http://www.unavco.org/data/gps-gnss/derived-products/GAGE-GPS-AC-Products-Log.html.
We also introduced a new Google+ web page focusing on GAGE GPS data products:
https://plus.google.com/communities/112834235701900858710. This page is meant to encourage 2-way
communications between UNAVCO staff, GAGE, other analysis centers, and community users. Several
posts have been made related to analysis and interpretation of PBO GPS station time series.
Monthly analysis operations conference calls took place on on 28 January, 17 February and 17 March,
and were attended by UNAVCO and AC/ACC personnel.
3.3.1.1 GPS Analysis Center Subaward: Central Washington University
● Generation of rapid and final products was stable with no delays or issues.
● Metadata updates were made.
● Approximately 30 stations, mostly associated with the TLALOCNet project in Mexico, were added to
the processing stream this quarter.
● Product update: implemented 1/sin(e) weighting of observables in Gipsy 6.2 (elevation angle
weighting). This update only applies to Rapid solutions. A slight offset in Rapid time series positions
may result. Final solutions continue to use standard constant weighting and no discontinuities will
appear in Final product time series. Implemented in CWU rapid solution files (POS, CSV, SNX) for
GPS Week 1831 day five onwards.
● Two weeks of data were processed using models accounting for 2nd-order ionospheric effects, and
provided to the ACC for evaluation.
● Investigated and experimented with elevation-dependent and other data weightings and procedures
to resolve a putative network-wide height discrepancy between CWU solutions and other GIPSY
solutions from the MEASURES project at JPL, as reported by the ACC at AGU and discussed during
the AC/ACC meeting. The ACC had reported then that MIT had been absorbing into scale estimation.
All CWU experiments to resolve this problem only exacerbated the issue, at which point the ACC
clarified that it was not a network-wide discrepancy but only a handful of stations, all of which were
found to have extremely bad multi-path environments.
3.3.1.2 GPS Analysis Center Subaward: New Mexico Tech
● Replacement of the AC computer server cluster lost in Y1Q4 was completed in January. The new 10node cluster is situated in a campus server room and maintained by a campus system administrator.
Files stored on the old server were nearly fully recovered via backups and temporary mounting of
hard drives. Routine backup of the new server head node was instituted. Procedures for periodic
backup of the RAID storage are currently being implemented.
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● Timely generation of rapid and final products, which had been significantly delayed in December and
early January, was reestablished in late January, and all missing products uploaded to the ACC.
● Two weeks of data were processed using models accounting for 2nd-order ionospheric effects, and
provided to the ACC for evaluation.
● GAMIT/GLOBK analysis package version 10.5 was incrementally updated, primarily to accommodate
new satellite launches. New models include IERS2010 diurnal and semi-diurnal earth orientation
parameters, and IGRF12 for the magnetic field to be used to compute 2nd-order ionospheric
corrections.
● 29 new stations, mostly associated with the TlalocNet project in Mexico, were added to the
processing.
● Reprocessing to correct an error associated with 17 stations located near Yucca Mountain, Nevada,
began in late March. Due to a metadata input problem, an incorrect antenna radome was assigned to
these stations for the 2005-2011 period. Also, data from these sites in the 1999-2004 period were
accidentally omitted from the recent reanalysis. Reprocessing to correct these errors should be
completed in early April.
● The AC Director, on leave from NMT, became a visiting scientist at the US Geological Survey in Menlo
Park, California in mid-January, where he remotely monitors the AC operations that continue at
NMT.
3.3.1.3 GPS
Technology

Analysis

Center

Coordinator

Subaward:

Massachusetts

Institute

of

Level 2 Products. Routine combination of final and rapid level 2a products was stable, including and 12and 26-week supplemental solutions. During this quarter 1,882 sites were processed. Statistics reported
cover the period between 15 December 2014 and 14 March 2015. As reported last quarter, product
updates were delayed starting in late December 2014 due to NMT AC issues. Users were alerted to these
delays via list-serve announcement and product log update. All issues were resolved by the first week of
February 2015, and products were updated at normal latencies throughout the rest of the quarter.
Analysis of Final Products. For the three months of the final position time series generated by NMT,
CWU and combination of the two, MIT fit linear trends and annual signals and compute the RMS
scatters of the position residuals in north, east and up for each site in the analysis. The median horizontal
RMS scatter is less than 1.0 mm for all centers and as low as 0.7 mm for NMT and PBO north
component. The up RMS scatters are less than 4.7 mm and as low as 4.0 mm. These statistics are similar
to last quarter though slightly higher. In the NAM08 frame realization, scale changes are not estimated.
Snapshot Velocity Field Analysis. MIT generates monthly and quarterly “snapshot” velocity fields in the
NAM08 reference frame based on the time series analysis of all data processed to that time. We have
now started to distribute the snapshot fields (SNAPS) and the significant updates to the standard PBO
velocity file (SNIPS file) in standard PBO velocity field format. These became available via the UNAVCO
FTP site late in the quarter and a user announcement from UNAVCO is being developed. For this quarter
MIT generated these velocity estimates for the reprocessed results and the current GAGE analyses that
are in the NAM08 reference frame. This quarter there were 2,112 sites, 28 more than last quarter, in
these analyses. In this analysis, offsets are estimated for antenna changes and earthquakes. Annual
signals are estimated and for some earthquakes, logarithmic post-seismic signals are also estimated. A
direct comparison of the NMT and CWU solutions shows the weighted root-mean- square (WRMS)
difference between the two velocity fields is 0.10 mm/yr horizontal and 0.38 mm/yr vertical in direct
difference of all sites with in 0.5 meters of each other (2,124 comparisons). Detailed presentation and
discussion of these and other statistics are provided in the full MIT quarterly report available from the
UNAVCO website.
Earthquake Analyses. The NEIC catalog was used to search for earthquakes that could cause coseismic
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offsets in the solution. Thirteen earthquakes in the period from 2014-12-11 to 2015-03-15 were analyzed.
No significant offsets were found this period.
A number of other ancillary issues were investigated and reported during this quarter. There were 35
antenna changes investigated. Starting in January the ACC uses both weighted least squares (WLS) and
a Kalman filter (KF) estimator to determine the antenna offset. The KF handles systematic variations in
the time series and typically generates offset estimates that are closer to values estimated by differencing
positions averaged over a few days before and after the antenna change. The error estimates are smaller
for the KF estimator than the WLS estimator with the FOGMEX algorithm. Two unknown cause
discontinuities and data edits were added to the PBO analyses. Details are provided in the detailed MIT
quarterly report.
The CWU AC changed their processing at November 7, 2014 (GPS week 1817, day of week 5) to
incorporate 2nd order ionospheric corrections to be consistent with the orbit and clock products being
generated at JPL. The processing scheme is consistent with the models used for the ITRF2014 orbit and
clocks generated by the IGS analysis centers. To evaluate the effects of these changes, both PBO ACs
processed GPS week 1800 and 1801 (July 6-19, 2014) with and without the 2nd order ionospheric
corrections applied. The ACC analyzed the results and the overall conclusion is that when daily solutions
are aligned to the regional PBO reference frame each day as is done in the standard processing the
impact of applying the 2nd order ionospheric corrections is small for recent ionospheric delay levels.
This conclusion also suggested that there should not be major problems with the correction not being
applied in the rapid processing where the IONEX files needed to apply the correction are not available.
Full details are provided in the MIT GAGE GPS ACC quarterly technical report available from the
UNAVCO web page.
3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of
Technology
During this quarter MIT finished the structural modifications to GAMIT to support GNSS observations
other than GPS. Still to do are implementation of the satellite yaw models and, for Glonass, multiple
frequency observables. The initial code will allow only one type of GNSS at a time to be processed with
GAMIT, but the solution (h-) files from the GAMIT processing can be combined in GLOBK, thus allowing
multiple-system contributions to the estimation of site coordinates. During this quarter MIT upgraded
the magnetic field model for higher-order ionospheric corrections to IGRF12, added support for three
receivers and five antennas, and continued to update our files containing precise a priori coordinates and
discontinuities for over 1,800 global continuous tracking stations, and global grid files for atmospheric
loading and meteorological data. There were no UNAVCO-sponsored data-analysis workshops during
this period, but MIT spent 5-10 hours per week in email support of users. During this quarter MIT issued
23 royalty-free licenses to educational and research institutions.
3.3.1.5 Custom GPS Data Product Requests
UNAVCO supported two custom requests for high rate (1-Hz) GPS data downloads this period. Both
requests were related to supporting SCEC campaign GPS surveys across faults near Mexicali. There were
no event related requests this period.
3.3.2 Strain, Seismic and Tiltmeter Data Processing and Products
UNAVCO processes data and provides products for borehole strainmeters, seismometers and tiltmeters
in the PBO network. Routine data processing and product operations were stable this period. Fully
processed high rate (1-sps) borehole strainmeter data sets were generated in response to the 2015-03-29
M7.5 Papua New Guinea earthquake. These data were made available within 48 hours of the event and
were posted on the Geophysical Event page.
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UCSD, through a subaward managed by UNAVCO, processes data and provides products from the long
baseline laser strainmeter network described in section 2.2.1.3. Data acquisition, editing, and archiving
operations were normal this period, with the only issues being related to ongoing LSM main-laser
instrument maintenance problems. Data from this period were particularly noteworthy for clear aseismic
transient-deformations initially reported last quarter that have recently been observed at PBO/LSM
strainmeter sites DHL1/2 (along the southernmost San Andreas Fault), SCS1/2 (southern San Jacinto
Fault
system), and CHL1/2 (north end of south-central San Andreas Fault). For SCS1/2, the secular recordings
have established sizable shear strain which is best attributed to motion at depth of the nearby Clark
Strand of the San Jacinto Fault system, in strong support of modeling by Lindsey and Fialko (2013) who
have suggested large slip-at-depth on this structure and the further west Coyote Creek Strand (17-19
mm/yr, combined). Last year a shallow event, M 3.2 (2014:190), occurred just 3 km west-northwest of
LSM strainmeters SCS1/2, resulting in a large change in the secular strain: a four month exponential-like
excursion, indicating nearby ongoing deformation. Just recently (2015:076) another M 3.0 event
occurred at only 3 km epicentral distance, at a different azimuth and deeper, 6 km. This earthquake, in
contrast, has not led to a change in secular- strain accumulation. Notably, an amplified record of this
event for the moments around the time of this very close-by earthquake (Figure attached) shows no
evidence for premonitory deformation.
3.3.3 Meteorological and Hydrologic Data Products
Meteorological data are collected together with GPS/GNSS and other geophysical data in order to
enhance the datasets, improve network monitoring, and provide additional information for
interpretation of deformation signals. Temperature, humidity and barometric pressure data collected at
GPS stations are available directly from the GPS RINEX files. Routine product operations were stable.
Documentation and metrics related to new hydrologic loading data products continue to be developed.
3.3.4 LiDAR – Terrestrial and Airborne Laser Scanning
UNAVCO provides TLS data services and products including basic data processing, data management
and data archiving. The standard UNAVCO TLS deliverable is a merged, aligned, georeferenced point
cloud, which is accompanied by pertinent metadata products such as site photos, meteorological
information, field notes and other ancillary project information. TLS data support is further described in
section 3.4.4, LiDAR data management and archiving. EarthScope ALS data products are supported by
OpenTopography; metrics are reported to UNAVCO. No new ALS data product activities have been
performed to date under the GAGE CA.

3.4 DATA MANAGEMENT AND ARCHIVING
A theme that has grown across the geosciences is the increased attention being placed upon developing
common practices and standards for data web services, archiving, and other data-related activities.
UNAVCO is well placed in the international community and is leading the effort in several areas
including DOIs and xml standards for metadata. UNAVCO participates including the International GNSS
Service (IGS), Earth Science Information Partners Federation, GEO Supersites, EarthCube, ICSU World
Data Systems, GGOS, COOPEUS, the NASA ESDSWG, and the Coalition on Publishing Data in the Earth
and Space Sciences. While these interactions do put pressure upon limited staff resources, participation
in these groups helps to ensure that UNAVCO’s data services conform to emerging global standards,
provide resources for a broader community, and facilitate and encourage open data access and
collaboration.
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3.4.1 GPS/GNSS
The Data Center provides a secure long-term archive for data, data products, and metadata from GNSS
instrumentation, and makes data available to the scientific community and the public. User interfaces,
APIs, and software tools that facilitate data search and access, data handling, and visualization are
provided to support full utilization of the data assets. Data publication with digital object identifiers
(DOIs) is routine for most data sets.
Data archiving and distribution is an operational activity that continues to grow, with a total of 29
stations added for archiving from HoustonNet, TLALOCNet, COCONet, Arctic Infrastructure, MAGNET,
Popocatapetl, Antarctica Erebus, IGS, and Southern California (USGS) networks.
Several archiving software and hardware infrastructure improvement targets and routine development
tasks were completed this quarter. The upgrade of archive systems data flow module to the latest version
of Unidata’s Local Data Manager (LDM) was completed. In the process, a bug was uncovered and
reported to Unidata; a workaround for the bug is in place. This upgrade should address limitations of the
memory mapping encountered with the previous version of LDM. To address bottlenecks in processing
arriving GAGE products from the analysis centers, 4 TB of local storage for a repurposed server was
purchased and configured. Using local storage on a dedicated server bypasses slowness for disk writes
that have been encountered on the virtual machine SAN storage system. New code was added to the
products archiving modules to handle the new velocity snapshot products being delivered by the GAGE
Analysis Centers. Code cleanup including identifying and correcting memory leaks in PBO data transfer
scripts was accomplished.
The software architecture and tools for managing UNAVCO’s data DOI publication are undergoing the
first major revision since initial development four years ago. There are emerging requirements within the
EarthCube EarthCollab Building Blocks project, as well as the requirement to expand DOI publication
capabilities to encompass DOIs for GPS/GNSS higher level products. The underlying database
interaction architecture is being redeveloped with RESTful web services, which will facilitate utilization
within the EarthCollab project and integration as UNAVCO expands DOI capability. A new software
engineer, Arianna Jakositz, hired in January, is focusing on this effort.
Archive staff put significant effort into updating existing internal documentation on software systems
and procedures; several areas were expanded greatly with more in-depth documentation. While
documenting existing procedures, several areas for pruning and updating archiving procedures and
scripts were identified and addressed.
As part of ongoing work to structure and maintain UNAVCO’s web presence, all archive software staff
collaborated with the web team to migrate outward facing user tools (DAIv2, GSAC, DOI search) to the
unified namespace targeted by the web team.
To support the metrics streamlining effort, archive software staff have been researching off the shelf
tools for data mining our voluminous ftp transfer logs that are the basis for a significant part of the data
delivery metrics reported on a quarterly basis. Several tools have been investigated for replacing the
current third party awstats tool that has been in use for more than 10 years. Since none of the off the
shelf tools meet our needs, efforts are now focused on building homegrown tools based around a
MongoDB data store for the logs. A server with the required memory and processing speed was
configured for this task and MongoDB installed. Java classes and tools are under construction.
A new software development effort having a goal of added flexibility for file delivery to customers and
which utilizes web services instead of ftp for delivery is underway. Initially this will have the capability to
decimate high rate RINEX files on the fly. This effort should position us for moving some services to the
cloud if that becomes a viable alternative to current infrastructure, and in the nearer term to reduce
storage requirements on our ftp servers.
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At the request of the GI PI project manager, a data quality report showing epochs and observables
metrics for archived data was created; this report makes it simpler to identify failing equipment.
The TEQC software continues to be enhanced according to UNAVCO archive operational needs and
Development and Testing staff needs and also external user bug reports or requests. All UNAVCO staff
were invited and over 20 attended an internal class on using the QC function of the TEQC software.
The metrics in Table 3-1 document the data volumes archived and delivered. Metrics notes for the
quarter:
● After more than one year of handling elevated product volumes for archiving due to reprocessing
efforts by the GAGE Analysis Centers, product volumes archived have returned to the typical volumes
encountered for normal processing.
● Once again the total volume archived this quarter is lower than the previous two quarters, each of
which encompassed an unusual high volume for both products due to reprocessing.
● The volume delivered for high rate data is similar to Y2Q1.
● The volume of products delivered was again high this quarter, again due to hundreds of GB
downloaded by just a few customers, including academic institutions and several unregistered IPs.
● The volume delivered for standard rate data was typical for the quarter.
● Standard rate data deliveries continue to be the highest volume category for archived GNSS deliveries
(other categories tracked are high rate and products).
3.4.2 Real-time GPS Data Flow and Management
UNAVCO provides high-rate (1 Hz), low-latency (<1 s) GPS data streams (RT-GPS) from approximately
464 stations including 422 PBO (Core and Cascadia), 4 TLALOCNet and 38 COCONet stations.
The entire RT-GPS computer network was upgraded in the first week of March 2015. The 40 virtual
machines that comprise the RT-GPS system were taken offline and the PIVOT RT-GPS software which
manages data flow was upgraded from version 2.5.9 to 3.5. While each machine was offline the operating
systems were upgraded and SQL database patches applied. Users were notified a week before the
planned upgrades that the system could be offline but the redundancy built into the network ensured
data flow of raw data stopped for only ~40 minutes over the week. Improvements in version 3.5 include
the ability to handle dataflow in RTPD mode, improved ephemeris management, the ability to stream
RTX data generated on the receiver and patches for the July 1 2015 leap second. Monitoring of the
system since the upgrades does indicate significant improvement in the stability of the RTX data
streams. In addition a new isolated virtual machine was built outside the existing RT-GPS computer
system for the purpose of testing new dataflow processes. As part of the upgrades a new backup system
for the RT-GPS SQL databases was also put in place, as of March 2015 the RT-GPS databases now
routinely backed up to an off-site location.
RT-GPS data users are classified into three groups: academic, commercial and government. Thirty-seven
new users requested access to the data streams in Y2Q2. The largest growth was in the commercial group
(24 new users) with comparable growth in the academic and government agency groups, 6 and 7
respectively. As in previous quarters, commercial users were the largest group to access RT-GPS in each
month of the quarter but government agencies and nonprofit consortia each downloaded more data than
the commercial users (Figure 3-6). While the data volumes from the academic users remained at similar
levels to previous quarters there were notable increases, almost a doubling, of the volumes downloaded
by the commercial and government groups. The increase in activity in the government group can be
attributed to the Institute of Communications and Navigation of the Federal Republic of Germany who
are using the data to generate maps of the Total Electron Content of the ionosphere. The increase in data
volumes for the commercial group is largely a result of increased data downloads from Trimble and GPS
Solutions (Figure 3.7).
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Figures 3-4 through 3-6. Real-time GPS data users. Registered data users are all of the users who have
been given access to RT-GPS data streams since inception. Active data users are those who actually
accessed data streams this quarter. Commercial users were the largest group of registered and active
users this quarter.
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Figure 3-7. Data volumes downloaded by organizations accessing the RT-GPS data streams, Y2Q2.
The five sites with the greatest volumes of data downloaded were P059 Point Arena, CA (34.4 GB), P475
at Point Loma, CA (30.2 GB), P041 Boulder, CO (29.1 GB), P387 Sisters, OR (28.6 GB) and P395, Rose
Lodge, OR (28.2 GB). Across the network, 428 sites were accessed by the academic community, 211 by
commercial entities and 421 by government and nonprofit consortia. 206 sites were accessed by all three
user groups; academic, commercial and government plus nonprofit consortia (Figure 3-8). The number
of sites accessed by all data user types increased in GAGE Y2Q2 compared to Y2Q1.

Figure 3-8. Total volume downloaded from sites in the western US through GAGE Y2

Q2.
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Figure 3-9. GPS sites in the western US from which data were accessed by all users types GAGE Y2Q2..
3.4.3 Borehole Geophysics Data: Strain, Seismic, Tiltmeter, Pore Pressure
Metrics for data archiving and delivery volumes this period, as well as unique users, are summarized in
Table 3-1. No unusual trends in strain, tiltmeter, and pore pressure data metrics were observed this
quarter compared to previous quarters. There was a significant spike in seismic data deliveries each
month of this quarter attributable to university users in Japan.
A notable milestone this quarter was that more than 1 TB of PBO BSM raw data and products have now
been delivered to users since inception.
3.4.4 LiDAR – Terrestrial and Airborne Laser Scanning Data
Data from TLS PI projects continue to be added to the archive as projects are completed, with
approximately a 590 GB of TLS data added this quarter. Approximately 30 GB of data have been
downloaded from the TLS archive by 7 unique users.
During this reporting period we have initiated the development of a new TLS data archive and access
system based loosely on the system that underlies the WInSAR Portal. The TLS Data Engineer (M. Okal)
has been working with the Geodetic Imaging Project Manager (Crosby) and Software Engineer (Baker) to
to define database schemas for the new archive. This effort is based on previous efforts to define a
standard TLS metadata schema and development of a TLS archive requirements document. We expect
this software development effort to continue through Y2Q3 and likely Y2Q4.
Another area of focus for TLS data support is improving access to software required by community
members to process and analyze TLS data. The TLS Data Engineer, with support from UNAVCO SAs,
maintains a software license server and is working to improve documentation on accessing and using
these software packages. Available software includes four seats of Leica Cyclone, 20 seats of Riegl’s
RiScan Pro, ten seats of Blue Marble’s Geographic Calculator, 10 seats of ArcGIS, three seats of Quick
Terrain Modeler, 10 seats of Polyworks, and five seats of Trimble Business Center. During this period
software maintenance on several of these software packages were updated.
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by
OpenTopography this quarter: 107 unique users accessed point cloud and raster terrain products during
Y2Q2, running 207 jobs to access data.
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3.4.5 SAR Data
UNAVCO manages two tasks in support of SAR Data: the archive and GEO SuperSites.
3.4.5.1 SAR Archive
UNAVCO has managed the SAR Archive since 2005, with significant recent enhancements under a
supporting NASA award. Under GAGE, UNAVCO orders European Space Agency (ESA) and DLR scenes
in response to WInSAR user requests. In addition, the WInSAR Executive Committee and UNAVCO
arranged for a tasking quota with DLR for use by WInSAR. WInSAR user requested tasking orders for
the TerraSAR-X mission have been placed on a regular basis. UNAVCO has also begun archiving of
WInSAR community TSX data in the UNAVCO SAR Archive. UNAVCO also manages access to the ISCE
SAR data processing software package for all members of the WInSAR Consortium.
SAR data metrics are shown in Table 3-1. There was a significant increase in the volume of SAR data
archived in Y2Q2 due to temporary Sentinel-1 holdings. With the recent release of Sentinel-1 data from
ESA, UNAVCO is temporarily downloading SLC data products to make them available to the WInSAR
community. Once these data become available via NASA at the Alaska Satellite Facility, UNAVCO
expects to no longer need to maintain these data. WInSAR scenes from ESA are available without cost
under their open data policy. TSX data access is restricted to Co-PIs associated with a specific science
proposal approved by DLR.
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware, database,
software, and web presence. Data ingest capabilities have been developed to allow UNAVCO to host data
from newer satellite platforms such as COSMO-SkyMed, RADARSAT-2, and Sentinel which WInSAR
community users are beginning to utilize. Search and discovery for these hosted data is possible through
the UNAVCO SAR Archive GUI and API interfaces. Access to data from both COSMO-SkyMed,
RADARSAT-2 is restricted to collaborators on proposals, similar to the system in place with TSX data.
UNAVCO’s SAR data holdings are backed up to cloud-based systems. ESA is the primary archive for
ERS-1, ERS-2, and Envisat, while the Alaska Satellite Facility (ASF) is primary archive for RADARSAT-1.
For all data not archived in ESA’s Archive4 system or at ASF, UNAVCO is now backing data up to
Amazon Glacier, a commercial cloud storage system. This approach ensures both a complete offsite
backup of the full UNAVCO SAR archive while minimizing redundancy of data backups.
3.4.5.2 GEO SuperSites
For the GEO Supersites and Natural Laboratories initiative, UNAVCO provides data ordering (from the
European Space Agency), together with data management (download and repackaging) of the orders
received, and upload of the orders to the ESA supported cloud storage (Level 4 archive). In addition to
this operational data management activity, UNAVCO provides web site content management and hosting
for the Supersites main page and for Supersite Event pages.
As noted above, UNAVCO now supports TSX, COSMO-SkyMed, and RADARSAT-2 data collected under
the Supersites initiative. For these datasets, the list of PIs with access to the data include international
collaborators as well as WInSAR community members. To address this expanded community of users
and associated access constraints, we’ve made several modifications to the WInSAR Portal system to
allow registration by international partners.
Building on the successes of UNAVCO’s ongoing NASA ROSES ACCESS funded work to develop a
Seamless SAR Archive (SSARA), UNAVCO staff members have been engaged in discussions with the
European SAR community (DLR, ESA, CEOS, etc.) regarding federated access to data, data processing
environments, and metadata and product formats. This discussion was accentuated this quarter by
UNAVCO’s participation (S. Baker) in the Fringe meeting at ESRIN in Italy. 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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Federated query of Supersites SAR data (ESA’s Virtual Archive 4 and DLR’s TerraSAR-X Archive) along
with data at the Alaska Satellite Facility and UNAVCO is now available due to SSARA efforts
(http://web-services.unavco.org/brokered/ssara/). Also this quarter, progress was made on the
development of an InSAR product archive .

3.5 CYBERINFRASTRUCTURE
Several projects are in progress to expand the cyberinfrastructure capabilities of UNAVCO’s geodetic
data systems. We are collaborating on the NCAR-led EarthCube Building Blocks award “Enabling
Scientific Collaboration and Discovery through Semantic Connections” based on the Cornell-developed
“VIVO” semantic web ontology and web presentation software. A Software Engineer hired in January is
working on web services to deliver information required for this project related to data DOIs published
by UNAVCO. The Content Specialist, Benjamin Gross, who was hired in January, has implemented
ingesting from several UNAVCO data sources into UNAVCO’s development VIVO system using Python
coding and other methods. Documentation of the VIVO implementation has been entered into the
UNAVCO wiki. Benjamin networked extensively this quarter with local VIVO and semantic web experts
at CU and in the private sector, and attended the VIVO Implementation Fest for developers and
implementers. In addition multiple technical and managerial telecons were attended by several staff.
A few updates were made to Dataworks software modules in response to reports from COCONet and
TLALOCNet servers fielded to partner sites in the Caribbean and Mexico. Software staff responded to
numerous questions from partner sites as they started placing their servers into production.
A pilot use of the GSAC software for serving low latency data and products that UNR produces was
configured in a test mode on a virtual machine (VM).
UNAVCO support to NASA under GAGE includes development of the IGS Site Log Manager tool.
Software staff over the quarter focused on responding to user requests for SLM functionality fixes and
enhancements, and on supporting the migration of the IGS Central Bureau web site to a server in the
cloud.
UNAVCO is also spearheading an effort to move IGS forward with automated exchange metadata among
IGS data centers using XML. During this quarter, comments were solicited from about a dozen global
participants on the IGS XML schema developed by SOPAC as the vehicle to move ahead. Due to the
global spread of interested parties and the attendant difficulty with scheduling telecons, discussions are
happening using asynchronous commenting with docs in a shared Google docs folder. Based on
comments by participants, a ballot was created and participants voted on their preferred customizations
of the schema, and preferred scope for the project.
It was recently discovered that none of the hosts supporting the VM platforms deployed at UNAVCO had
been updated with the latest firmware recommendations. This was never an issue until recently when an
issue was reported on one of the servers. The firmware in all servers has been upgraded to the latest
release. After completing the firmware upgrades, the VM software on each of the hosts was upgraded to
the latest release and all patches applied to the Microsoft operating systems running on these VMs.
These upgrades were also performed on all RTGPS system without interruption.
While performing the upgrades in the VM environment, it was discovered that backups for the
configuration databases used by the RTGPS system were not being performed correctly. A new backup
process was implemented by replicating the databases to our offsite collation at FRII.
Multiple changes were made to the UNAVCO web site over the last quarter. One of the changes was the
addition of nearby plots to the station pages. This allow viewers of the station page to click on a single
link and see timeseries plots of the closest 10 stations in addition to the current station. The layout of the
station photos page was changed along with the algorithm as to what is displayed. Photos are grouped by
maintenance or install visits, with latest photos shown first. This shows changes at the site over time.
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In addition to the new layout, a cleanup effort of the photo gallery was performed to correct photos that
have been categorized incorrectly and were not showing up on the photo pages. Webcam photos have
been added to station pages for those that have webcams.
Trial of Google Gmail has been initiated with UNAVCO employees. Selected individuals were asked to
join the trial. No problems have been encountered to date. Plan to open up trial to more individuals next
quarter and go to full deployment should no issues be encountered preventing full deployment.
Initiated project to move UNAVCO web infrastructure from SUN platform to newer VM platform
running Linux operating system. Current site running on older hardware and needs to move to new
hardware platform that is inline with current systems support strategy and is easier to migrate to new
hardware when hardware failures occur.

3.6 GDS PROGRAM SUMMARY
The Geodetic Data Services program continues to provide a growing set of diverse data sets and derived
products for a wide range of observing systems to the community of contributors and users. GDS collects
and monitors 89 detailed and six key summary metrics (Tables 3-1 and 3-2). These metrics include
numbers of stations, data and derived data product volumes archived and delivered, user metrics, and
software downloads for data from all of the data different sensor types managed by UNAVCO. The six
key summary metrics for Y2Q2 campaigns and permanent stations archived, data volumes archived and
delivered are generally similar to prior quarters. The total volume of data delivered to users this quarter,
18,855 GB, was ~4TB greater than last quarter primarily due to increased deliveries of RT-GPS data and
PBO seismic data. The total volume of data archived this quarter, 9,035 GB, was more than 2 TB greater
than last quarter, primarily due to higher volumes of SAR and TLS data archived. The total volume of
data in the archive (all sensors) is now over 141 TB. (Note: this total is less than the 150 TB reported last
quarter due to metrics corrections; efforts underway to automate metrics tracking and reporting as
described above will help minimize the need for such corrections in the future). The estimate of the
number of unique users is approximately 2,300. GDS staff continue to engage with and in many cases
provide a leadership role in the broader data community through activities such as TLALOCNet,
COCONet, COOPEUS, EarthCube, IGS, World Data Center, NASA ESDSWG, and ESIP.

4. Education and Community Engagement
4.1 OVERVIEW
The Education and Community Engagement (ECE) program supports professional development
activities for community scientists and teachers, develops and disseminates geodesy-focused education
materials, supports geo-workforce development, and provides communications and other support to the
UNAVCO community. The ECE team actively participates in UNAVCO website updates, leads the
organization-wide social media effort, works with UNAVCO staff to develop UNAVCO Program
Highlights, and collaborates with external partners to develop interactive displays for exploring Earth
science content. Whenever possible, ECE efforts closely coordinate with those of partner organizations
including the EarthScope National Office, Geological Society of America, the American Geophysical
Union, UCAR, and IRIS, among others.
ECE continues to keep UNAVCO active in social media with increased impact on Facebook (110 new
Likes this quarter generated from 168 posts) and YouTube (2 additional videos added with over 6,800
minutes of UNAVCO videos viewed during the quarter). ECE produced 1 new product: EarthScope
InSights - Winter 2015 article, “The Plate Boundary Observatory in Cascadia: Focus on Mount St.
Helens"
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4.2 PROFESSIONAL DEVELOPMENT
Through professional development activities, ECE supports the community that uses UNAVCO
supported tools, data, and instrumentation and broadens UNAVCO reach through technical training,
educational workshops, and online resources. This quarter UNAVCO was a co-instructor at the
EarthScope National Office-hosted Native Science Educators Workshop (NSEW) held at Arizona State
University in Tempe, Arizona March 14 – 16. Other collaborators included IRIS, SCEC, University of
Minnesota, and Montana State University. The two and a half day workshop provided earth and
environmental science teachers information about plate tectonics and plate motion, regional geology of
the Southwest, natural hazards, and earthquake safety. The participants were invited teachers from
schools with majority Native American student populations. Teachers worked through multiple activities
including Visualizing relationships with data: Volcanoes, Earthquakes, and Plate Tectonics, learned
where to find free resources and data available through the presentation Getting to Know EarthScope
Plate Boundary Observatory & UNAVCO, and explore global plate motions and plate boundaries using
the Dynamic Earth map. Additionally teachers worked with the PBO52 cards to explore plate motions in
California and the basin & range. Working in groups, teachers developed lesson plans incorporating
workshop materials to update and enrich their own curricula and activities for their students.

Figure 4-1. (Left and Right) Teachers learn about ground motion during the Southwest Native Science
Educators Workshop held at the EarthScope National Office, Arizona State University, Tempe, Arizona,
March 15, 2015. (Photo/Shelley Olds, UNAVCO)
As reported in the previous quarter, UNAVCO hosted a community workshop focused on field education
to establish the needs of the community and the potential roles UNAVCO could play. The workshop
report The Role of UNAVCO in Geodesy and Field Education was finalized and disseminated to the
community. The report summarizes key recommendations from the community regarding how UNAVCO
should proceed in supporting undergraduate field education. These community recommendations are
the collective findings of an online survey and a two-day input-gathering workshop:
1. Increase the visibility of field education services available from UNAVCO.
2. Provide professional development for technical and pedagogical aspects of field
education.

3. Make existing and new resources available to the community via
online pathways.
Specific resources identified by the community include:
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●
●
●
●

Staffing for field engineering support in education settings,
Support for curricular material development and implementation,
Equipment prioritized for field education, and
Resources to make computing & data analysis tractable in field education.

4.3 EDUCATION RESOURCES
UNAVCO facilitates the development and dissemination of geodesy-focused educational materials. The
GETSI project (GEodetic Tools for Societal Issues) develops teaching materials for engaging
undergraduate students in addressing societally important Earth science questions through the use of
geodetic data. GETSI is funded through a NSF-TUES award and is a collaboration between UNAVCO
and community members at Indiana University (B. Douglas), Mt. San Antonio State College (B. Walker).
GETSI is wrapping up phase 1 with testing of modules developed during the past 9 months. The
modules: Ice and Sea Level Changes (Introductory-level) and Imaging Active Tectonics with LiDAR and
InSAR (Geology majors-level) incorporate geodetic data. Phase 2 for the GETSI project is ramping up
with new module co-authors selected and briefed through preparatory webinars. The areas of focus for
phase 2 are Surface Process Hazards (Introductory-level) and Water Resources and Geodesy (Geology
majors-level).
A new undergraduate classroom activity was accepted into the peer-reviewed collection On the Cutting
Edge Teaching Activity Collection (a part of the Science Education Research Center, SERC). The activity:
Explore natural hazards in seismically active regions using geodetic, earthquake, and societal data, is
targeted toward introductory undergraduates and is now accessible nationally through the SERC
database.
New and updated education products made available to the community this quarter include:
● Summary of US Southwest Four Corners Regions for teachers, Ground Motions,
Earthquakes, and Volcanoes in the Four Corners region: Arizona, Utah, Colorado,
New Mexico
● Plate tectonics-focused bing-style icebreaker, Ice Breaker: Getting to know you…
● Planning worksheet for integrating workshop materials into teacher classroom,
Worksheet: Incorporating data and activities into your teaching.
● Updated secondary classroom activity: Taking the Pulse of Yellowstone’s “Breathing”
Volcano: Problem-Based Learning in America’s First National Park, and
● Updated secondary classroom activity: Visualizing relationships with data:
Volcanoes, Earthquakes, and Plate Tectonics.

4.4 COMMUNITY COMMUNICATIONS
ECE leads efforts related to communication, collaboration, access, and dissemination of UNAVCO
science and education to both the UNAVCO and broader communities. Evaluation of the PBO-52 project
was started in January. The PBO-52 is a suite of web pages and a deck of playing cards featuring GPS
sites in the Plate Boundary Observatory. An online survey was sent to recipients of the decks of cards. 60
emails were sent via email and posted on Facebook, 37 responses were received yielding a return rate of
38 percent, when respondents to the Facebook post are excluded. Of the 24 respondents who said they
had opened the cards (note that both the Facebook post and the email reached some people whom had
not received the cards), 80 percent indicated they shared the cards or something new they learned from
the cards with friends or family. Comments on what card recipients learned included:
"The arrows and Batman-like sounds were a very cool way to visualize the
relative motions of the instruments and gave me an appreciation for the range of
motion. This was an awesome card deck! I showed them off around the office and
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to family."
"My students learned quite a bit, as we have strayed away from teaching
geosciences within our curriculum. I try to add in whatever I can with my Physics
classes and Chemistry classes, whenever I can."
"We learned that UNAVCO has a lot of instruments all over the western US. The
velocity fields were cool."
Survey results show that while the decks of cards were all given to adults, the playing cards are reaching
students within the 0-18 and 19-30 year-old age ranges. UNAVCO will continue to distribute playing
cards and evaluate their reach and impact via this online survey.
In addition to the above, UNAVCO published the article "The Plate Boundary Observatory in Cascadia:
Focus on Mount St. Helens" in the winter 2015 issue of inSights, the EarthScope newsletter.

4.5 GEO-WORKFORCE DEVELOPMENT
UNAVCO is committed to broadening and increasing the geodesy community and geoscience workforce.
Efforts are focused on providing opportunity in various stages of the geoscience academic/career
pipeline including internships, mentoring, and online resources.
RESESS: Application and selection of the 2015 RESESS cohort was completed in GAGE Y2Q2. A total of
165 applications were received (4 for returning interns, 161 for first-year interns). 27 finalists were
interviewed by telephone, and the RESESS selection panel reviewed the finalist applications. The 11member selection panel included 9 UNAVCO staff and 2 CU graduate students who previously served as
the RESESS Graduate Assistant. Three interns were selected to return to RESESS, and 7 first-year
interns were selected.
RESESS Alumni: Lennox Thompson (2006, 2007, 2008) earned his doctorate from the University of
Texas at El Paso and Emanuelle Feliciano (2007, 2008) earned his doctorate from the University of
Miami. Several RESESS alumni have received awards and grants to facilitate their research at the
undergraduate or graduate level. RESESS alumni Calvin Johnson (2011, 2012), Gina Oliver (2013), and
Joshua Russell (2014) all earned NSF Graduate Research Fellowships. Wesley Weisberg (2014) received
a GSA Undergraduate Student Research Award to continue the research he began in summer 2014 as a
RESESS intern.
Geo-Launchpad: UNAVCO manages the 1-year pilot for the NSF-funded REU: Leading Undergraduates
in Challenges to Power Academic Development in the Geosciences (Geo-Launchpad) internship. The
internship provides an 8-week summer experience for first and second year undergraduates and twoyear college (2YC) students during summer 2015. Project leadership team includes the PI (Charlevoix),
Co-PI (Morris), external evaluator (H. Thiry, CU-Boulder) and the 2YC faculty consultant, P. Shabram
(Front Range Community College). Applications were accepted from November 18, 2014 through
February 23, 2015. 42 applications were received, 30 of which were complete. A complete application
included student application, transcript, and faculty mentor application.. Application materials were
reviewed by the PI, Co-PI and the 2YC faculty consultant. Four offers were made and accepted (three
2YC students and one freshman). The four Geo-Launchpad interns will work in a group on a project
developed with a UNAVCO Project Manager, and will present their work at the end of summer poster
session in conjunction with the RESESS interns and our partner internship programs in the Foothills
region.
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4.6 ECE PROGRAM SUMMARY
ECE continues to strengthen the working relationships within UNAVCO through the GI and GDS
programs and with the UNAVCO community through existing collaborative projects. Evaluation of the
ECE GAGE Y1 Implementation Plan is underway and results are informing activities of ECE staff. ECE
Co-PI travel funded by GAGE includes attendance at the Board of Directors meeting in Arlington,
Virginia, the American Meteorological Society in Phoenix, Arizona, and the EarthScope Education and
Outreach Steering Committee annual meeting in Tempe, Arizona.

5. Summary
GAGE Y2Q2 was a busy and productive quarter, with operations, community support, governance and
planning activities all moving forward apace. GI international activities, furthering and strengthening of
data products and data management services, and support for education and community engagement all
progressed well during the quarter.
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