
1 

 
 
 
 
 
 

2013 – 2018 UNAVCO Community Proposal 
Geodesy Advancing Geosciences and EarthScope: 

GAGE Quarterly Project Report  
Y1-Q2: 01 January 2014 - 31 March 2014 

 
EAR – 1261833 

 
Submitted: May 12, 2014 

 
 
 
 
 

Submitted by Principal Investigators: 
M. Meghan Miller, President 

Glen Mattioli, Geodetic Infrastructure Program Director 
Charles M. Meertens, Geodetic Data Services Program Director 

Donna Charlevoix, Education & Community Engagement Program Director 
 
 
 
 
 

Report coordination: David A. Phillips, Data Products Project Manager 
 
 
 
  



2 

 
Geodesy Advancing Geosciences and EarthScope: 

GAGE Quarterly Project Report  
Y1-Q2: 01 January 2014 - 31 March 2014 
 
 
0. Introduction 
 
In this report, we present the program activities and impact of the second quarter of the first fiscal year 
(Y1Q2) for the GAGE (Geodesy Advancing Geosciences and EarthScope) Facility award to UNAVCO, EAR-
1261833. The report includes four main sections: (1) UNAVCO Community, Governance and 
Management, (2) Geodetic Infrastructure Program, (3) Geodetic Data Services Program, and (4) 
Education and Community Engagement Program. Each section is accompanied by performance metrics 
that chart the contributions and progress of the GAGE Facility.  
 
Since 1984, UNAVCO university participants have operated facilities to support geodesy research with 
core sponsorship from NSF and NASA, and additional support from NOAA, USGS, and others under 
various organizational structures. In 2001, the academic consortium established UNAVCO, Inc. In 2003, 
the newly formed independent non-profit organization undertook the construction and operation of Plate 
Boundary Observatory (PBO - the geodetic component of EarthScope) and transitioned support of 
investigator science by the UNAVCO Facility to the new management structure. Building on the preceding 
two decades of facility contributions, in its current form, UNAVCO has supported the scientific 
community for nearly a decade, with the development, installation, and maintenance of geodetic 
networks, hardware, software, a free and open data archive, data products, cyberinfrastructure, and the 
necessary technical expertise to further cutting edge scientific research in this transformational field. At 
the same time, UNAVCO has established itself as a resource to the NSF Large Facilities Office for 
responsive facility management.  
 
Throughout this report, we differentiate the work of the UNAVCO GAGE Facility and its activities from 
those of the UNAVCO consortium, which is a community of scientists with associated university 
membership, governance, and oversight of the non-profit corporation UNAVCO, Inc. and its 
management. 
 
1. Community, Governance & Management 
 
1.1 THE UNAVCO CONSORTIUM AND COMMUNITY 
 
By its mission, UNAVCO, a non-profit, university-governed consortium, facilitates geoscience research 
and education using geodesy. The consortium includes 106 US academic Members (an increase of 2 since 
the GAGE proposal was written), nearly all of which are degree-granting institutions, and further 
participate in UNAVCO’s governance and science community. Another 92 Associate Members (an 
increase of 14 since the GAGE proposal was written) include organizations that share UNAVCO’s purpose 
at home and abroad, giving UNAVCO global reach in advancing geodesy. 
 
During the reporting quarter, UNAVCO gained three new Associate Members and no new Members. 
● National Cheng Kung University, Taiwan  Ruey-Juin Rau 
● Addis Ababa University, Ethiopia   Elias Lewi 
● University of Calgary, Canada    Maribeth Murray 

 
More than 600 individuals from around the world formally interact with UNAVCO on an ongoing basis 
through its scientific collaborations, governance, science planning and engineering services, information 
services, and its Education and Community Engagement program. Community reach is also furthered by 



3 

the UNAVCO web site, and substantial work has been done to strengthen our web presence, in 
anticipation of a Y1Q3 rollout (see 1.2.4).  
 
During GAGE Y1Q2, UNAVCO featured one new community Science SnapShot on its home page:  

Anticipating and Monitoring a Large Earthquake in Costa Rica 
 
Also during Y1Q2, UNAVCO held its biannual science workshop.  
  
 
Highlight: Celebrating 30 years of UNAVCO - The 2014 UNAVCO Science 
Workshop 
 
Overview 
The 2014 UNAVCO Science Workshop was held in Broomfield, Colorado on 4-6 March 2014 with a theme 
of Celebrating Thirty Years of Geodesy Innovation for Science. The goal of the biannual workshop is to 
bring the UNAVCO community together to share advances in geodesy-related research and education. 
The community organizing committee developed a workshop agenda [1] that included everything from 
plenary sessions and short courses to an Ignite UNAVCO history session. Over 240 participants attended 
including 19 students whose travel was supported by the UNAVCO GAGE Facility. 
 

 
Figure 1-1: The participants of the 2014 UNAVCO Science Workshop 

 
Science 
Plenary sessions. Six plenary sessions focused on emerging areas of science [2] examining recent scientific 
discoveries, projections of future science directions, and education and broader impacts. Invited 
presenters spoke about: Coastal subsidence and sea level rise; Large scale computing constrained by 
geodesy; Exploiting dense geodetic data; Mixing it up: Geodesy, seismology and real-time monitoring; 
Geodesy and the cryosphere; and Regional response to great earthquakes. A total of 26 presentations were 
given by community members. 
 
Special topic sessions. Four special topic sessions provided a forum for more in-depth discussion of 12 
community-proposed geodesy research and education topics. Sessions were co-led by UNAVCO staff and 
community members. 
 
Poster sessions. A total of 76 abstracts were submitted for posters in eight geodesy-related categories: 
Atmosphere, Cryosphere, Environmental and Hydrogeodesy, Human Dimensions, Ocean, Solid Earth, 
Technology, and Other. Posters sessions were held Tuesday and Wednesday evenings of the workshop. 
 
History. UNAVCO’s history was a major theme of the 2014 UNAVCO Science Workshop, to celebrate the 
facility’s 30th anniversary. Guest speaker Byron Tapley, Director of the Center for Space Research and 
Professor of Aerospace Engineering at the University of Texas at Austin, provided a historical narrative of 
geodesy intertwined with a history of the space program that provides support for the GPS satellite 
constellations. 
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Figure 1-2: Byron Tapley, Keynote Speaker for the 2014 UNAVCO Science Workshop 

 
On Wednesday evening, a UNAVCO history-themed Ignite session featured many principal investigators 
who have worked with UNAVCO from the earliest days of campaign GPS. Nine presenters spoke for five 
minutes each about the importance and history of UNAVCO and geodesy. 
 
Throughout the Workshop, UNAVCO External Affairs collected 11 video interviews about the early days of 
UNAVCO and GPS for geodesy for future use. Participants were invited to view and edit a timeline of 
UNAVCO’s history and submit stories and photos from their experience with UNAVCO. 
 
Education 
Two short courses offered during the Science Workshop trained 70 people in theory and methods of 
Strainmeter [3] and Hydrogeodesy [4] . The enGAGE with UNAVCO [5] interactive space premiered at 
this workshop and was co-located with the posters. 
 
enGAGE hands-on area. The enGAGE space featured demonstrations of classroom activities for teaching 
strain and an up-close look at a GPS antenna and Terrestrial Laser Scanner (TLS), as well as a display of 
one of the three TI-4100 Navstar Navigation System GPS receiver with a slideshow of historical photos. 
 
Networking 
E-NET. The Expanding Networks through Mentoring (E-NET) program formally connects graduate 
students and early career professionals with established researchers in the UNAVCO Community. 
Mentors and mentees met at the opening reception Monday evening for introductions and brief 
discussions of goals for the workshop and then connected again throughout the week. This is the second 
time UNAVCO has facilitated the E-NET program at the Science Workshop. 
 
Field trip. Wednesday afternoon participants were invited to tour the Fourmile Canyon for a 
demonstration of TLS and to examine impacts from the September 2013 floods. Participants were 
introduced to the concepts of TLS technology and survey design, scanner capabilities and operation, field 
data collection workflow, and preliminary results of changes due to the September flood event. 
 
UNAVCO Tour. The second Wednesday afternoon activity was a tour of the UNAVCO headquarters in 
Boulder. The tour covered the entire facility including the warehouse and took a look at the engineering, 
equipment, and data archive facilities along with other infrastructure. 
 
At a Glance 

• Workshop participants: 240 
• Number of students supported: 19 
• Plenary presenters: 26 
• E-NET mentees: 32 
• Short course participants: 103 
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Figure 1-3: UNAVCO Geodetic Imaging Project Manager, Chris Crosby, explains the basics of terrestrial 

laser scanning (TLS) to field trip participants of the 2014 Science Workshop. 
 
Associated links: 

UNAVCO Science Workshop pages: http://www.unavco.org/community/meetings-
events/2014/sciworkshop14/sciworkshop14.html 
[1]http://www.unavco.org/community/meetings-events/2014/sciworkshop14/agenda.html 
[2]http://www.unavco.org/community/meetings-
events/2014/sciworkshop14/presentations/presentations.html 
[3]http://pbo.unavco.org/documentation/bsm/courses 
[4]http://www.unavco.org/community/meetings-events/2014/sciworkshop14/hydrosc.html 
[5]http://www.unavco.org/community/meetings-events/2014/sciworkshop14/engage.html 

 
 
1.2 UNAVCO GOVERNANCE AND MANAGEMENT  
 
During Y1Q2, the board and several advisory committees or working groups met, refinements to the 
organizational structure as consequence of the reduction to GAGE budget and scope continued, and 
management was very active in furthering community goals for strengthening UNAVCO’s resilience. 
 
1.2.1 Y1Q2 Governance Activities  
 
Both the UNAVCO Board of Directors and the ECE Advisory Committee held face-to-face meetings this 
quarter; minutes will be posted on the UNAVCO Community/Governance pages when approved at a 
subsequent meeting (http://www.unavco.org/crosscutting/cc-community.html). 
 
The Board meeting was held in Arlington, VA to further communications between governance and 
sponsors. The PBO Working Group and the Geodetic Infrastructure Advisory Committee held joint 
telecons to support development of a proposal to optimize the Plate Boundary Observatory in light of 
foundational and emerging science goals and opportunities, as well as anticipated fiscal constraints. This 
resulted in submission of a supplemental request to the GAGE award. This supplement is summarized 
(Attachment I). 
 
Education and Community Engagement Advisory Committee (ECE-AC) meeting. The ECE-AC met in 
Boulder, Colorado March 12-13, 2014 for 1.5 days to discuss work progress and upcoming initiatives. The 
full committee met: four committee members attending in person, five remotely, and L. Patino from NSF 
joined remotely. Members were provided an overview of work accomplishments of 2013, current budget 
and projections and staffing. ECE staff reported the submission of a supplement request to the GAGE CA 
to NSF for continued funding of stipends the Research Experiences in Solid Earth Sciences for Students 
(RESESS) program in response to the ARRG DCL. They also reported to the committee that external 
funding from ExxonMobil to support scholarships for RESESS interns had been secured. Meeting 
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discussions focused on the ECE Implementation Plan 2014-18 currently under development by ECE staff. 
Committee members agreed that the development of an implementation plan and clarification of short- 
and long-term objectives are critical to guide work during the GAGE Cooperative Agreement. The 
committee commended ECE staff for developing such a plan and recommended the continuation of 
developing partnerships and collaborations to best facilitate strategically aligned work to advance 
education and outreach of UNAVCO and geodesy. The committee recommended exploring additional 
funding avenues for RESESS including other relevant NSF solicitations (Innovations in Undergraduate 
STEM Education (IUSE)) and additional private industry funding.  
 
1.2.2 Y1Q2 Management Activities  
 
UNAVCO Management focused on finalizing a number of major upgrades to internal policies, business 
continuity planning, cyber security planning, developing/refining metrics for both quarterly and annual 
GAGE reporting, and worked with NSF to clarify protocols for PBO Permit renewal. Management also 
held two annual internal events. The first was “AGU@UNAVCO,” where staff and some local scientists 
present their AGU and GSA talks and posters at UNAVCO, for the benefit of colleagues. The second was 
the President’s annual report to staff “State of UNAVCO.” 
 
During GAGE Y1Q2, UNAVCO featured seven new Facility Highlights on its home page, linked here: 
Facility Highlights (also reported as ECE products): 
● GSAC Software Makes the Grand Tour In Europe 
● Seals, a Lava Lake, and Subglacial Microbes: 2013-2014 Antarctic TLS Highlights, Part 1 
● UNAVCO installs COCONet cGPS sites CN04 and CN47 in Saint Lucia 
● Maintaining POLENET Sites from the South Pole 
● UNAVCO installs COCONet cGPS site CN05 in the Dominican Republic 
● Tracking subsidence in Houston 
● Repairing GGN site HARV to keep up with calibration of global sea level measurements 

 
While there were no changes to Key Personnel during Y1Q2, Gail Strobel, Business Affairs Director, 
announced her anticipated retirement and a search was initiated for a successor. 
 
1.2.3 UNAVCO Staff Representation at Meetings and Workshops  
 
UNAVCO Staff represented community interests and facility contributions in a broad cross-section of 
meetings and workshops, some informational meetings are also included below. 
 
GI Workshops & Meetings: 
● Informal meetings with NOAA-NGS and NASA ESI Program staff, Silver Springs, MD, 

Washington, DC, January 22, 2014 
○ Attended by: Meghan Miller, Glen Mattioli, Chuck Meertens, Linda Rowen 
○ Staff presentations: No formal presentation given, GAGE overview presented by MM and 

GSM; Q&A followed. 
● IRIS Board of Directors meeting, Denver, CO, February 4, 2014 

○ Attended by: Meghan Miller, Glen Mattioli, Chuck Meertens 
○ Staff presentations: No formal presentation given, only Q&A. 

● Alaska Surveying and Mapping Conference, Fairbanks, AK, March 26-28, 2014 
○ Attended by: Glen Mattioli, Max Enders 
○ Staff presentation: “The Earthscope Plate Boundary Observatory Alaska Region State of 

the Network,” by Enders, Mattioli, and Feaux. Oral presentation by Enders and Mattioli. 
 
GDS Workshops & Meetings: 
● EarthCube Data Facilities Workshop, Arlington, VA, January 15-17, 2014 

○ Attended by: Fran Boler, Chris Crosby 
○ Staff presentations: UNAVCO Data Facilities requested summary topics 

● USGS Powell Center Working Group: “Exploiting high resolution topography for advancing the 
understanding of mass and energy transfer across landscapes: opportunities, challenges, and 
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needs”. Fort Collins, CO, March 18-21, 2014. 
○ Attended by: Chris Crosby. 

(https://my.usgs.gov/Public/PowellCenter/LinkedDocs/Powell%20Center%20WG%20Li
dar%20abstract%20compress.pdf) 

● GSAC EPOS WG4 Workshop, Universidad Beira Interior, Covilha, Portugal, March 31-April 1, 
2014 

○ Attended by: Fran Boler, Stuart Weir (both were supported to attend by COOPEUS-
European Commission funding) 

○ Staff presentations: “GSAC Software Overview and Installation (Parts I and II)” by Weir, 
“GSAC - Then and Now” by Boler 
 

ECE Workshops & Meetings: 
● Summit on the Future of Geoscience Education, Austin, TX, January 9-12, 2014, A. Morris; 

invited 
● Panelist, NSF Virtual Panel, February 4 and 6, 2014, A. Morris 
● GETSI Year 1 Materials Development Workshop, Boulder, CO February 21-23, 2014. B. Pratt-

Sitaula 
● SERC InTeGrate Workshop: Broadening Access to the Earth and Environmental Sciences, Tempe, 

AZ, February 23-25, 2014, talk: “Supporting Underrepresented Undergraduates in the 
Geosciences”, A. Morris; invited 

● Social Media for Natural Disaster Response and Recovery workshop, FEMA certified. Centennial, 
CO, February 19, 2014 - B. Bartel 

● UNAVCO Science Workshop, Broomfield, Colorado, March 4-6, 2014. B. Bartel, D. Charlevoix, A. 
Morris, S. Olds, B. Pratt-Sitaula, M. Weber 

● GEO REU PI Workshop, Boulder, CO, March 19-21, co-facilitated discussion on professional 
development of undergraduate researchers; A. Morris 

● IRIS Education and Public Outreach Standing Committee meeting, Washington, D.C. March 28-
29, 2014, D. Charlevoix, Ex-officio member 

 
Executive Office Workshops & Meetings:  
● Space Geodesy Working Group, NASA Earth Science Division, Goddard Space Flight Center, 

February 11 - 12, M. Miller. 
● UNAVCO Science Workshop, Broomfield, Colorado, March 4-6, 2014. M. Miller, L. Rowan, J. 

Maggliocca. 
 
1.2.4 Publications, Abstracts, and Other Products Created by UNAVCO Staff 

Articles: 
Charlevoix, D. J., and A. R. Morris (2014), Increasing Diversity in Geoscience Through Research 
Internships, Eos, Transactions American Geophysical Union, 95(8), 69-70, doi:10.1002/2014EO080001. 
Abstracts and Presentations: 
● Bartel, B. and D.J. Charlevoix (2014), Broadening impact through effective communication, and 

the power of partnerships, 2014 UNAVCO Science Workshop, Broomfield, CO, March 4-6, 2014. 
● Douglas, B., B. Pratt-Sitaula, B. Walker, and M. Miller (2014), GETSI Project: GEodesy Tools for 

Societal Issues - An initiative to create teaching modules for undergraduates based on the 
application of geodetic data sets, 2014 UNAVCO Science Workshop, Broomfield, CO, March 4-6, 
2014. 

● Mattioli, G.S., M. Enders, and K. Feaux (2014), The Earthscope Plate Boundary Observatory 
Alaska Region State of the Network, Alaska Survey and Mapping Conference,, Fairbanks, AK, 
March 26-30, 2014. 

● Olds, S., C. Schiffman, B. Butler, M. Farley, S. Frankel, N. Hunter, and B. Lillie (2014), Explore a 
Shifting Earth through a Hands-on Museum Exhibit, 2014 UNAVCO Science Workshop, 
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Broomfield, CO, March 4-6, 2014. 
● Puskas, C.M., C.M. Meertens, J. McWhirter, D.A. Phillips, and G.S. Mattioli (2014), Modeled 

ground displacements from seasonal hydrologic surface loading: A new UNAVCO data product, 
2014 UNAVCO Science Workshop, Broomfield, CO, March 4-6, 2014. 

● Stamps, D.S., D.J. Charlevoix, E. Calais, A. Freed, E. Chaussard, and G.S. Mattioli (2014), 
Education and Community Engagement in Response to the 2010 Haiti Earthquake from a Young 
Investigator's Perspective, 2014 UNAVCO Science Workshop, Broomfield, CO, March 4-6, 2014. 

● Walls, C., D. Mann, A. Basset, S. Lawrence, J. Sklar, K. Feaux, and G.S. Mattioli (2014), UNAVCO 
PBO Southwest Region Network Operations, Expansion and Communications Hardening, 2014 
UNAVCO Science Workshop, Broomfield, CO, March 4-6, 2014. 

 
1.2.5 DOI Minting of Community Datasets  
 
This quarter, 27 datasets were minted by DOI and a number of other products were developed (Table 1-1).  
 
Table 1-1. GAGE Facility products. 

GAGE FACILITY PRODUCTS GAGE Y1Q2 

Datasets Published by DOI 27 
Knowledge Base Documents Created 12 
Knowledge Base Documents Updated 36 
Highlights Published 7 
Science Snapshots Published 1 
 
1.2.3 Broader Impacts for Community, Governance and Management 
 
Contributions this quarter focused on enhancements to the UNAVCO and EarthScope websites. UNAVCO 
provides web support to EarthScope through maintenance of the primary EarthScope website 
(www.earthscope.org). The EarthScope website has gone through a major revision and was re-launched 
with a new look and workflow. There were two major goals of this project: (1) improve the overall 
workflow in terms of content creation and maintenance for the EarthScope National Office (ESNO) and 
(2) Improve the usability of the website for front-end users by providing a cleaner design and user 
interface across various devices (PCs, mobile, tablets, etc.). The website has been updated to the latest 
version of Expression Engine Content Management System (CMS) and various plugins and frameworks 
were integrated in order to facilitate a better workflow. The CMS now allows for dynamic image resizing, 
direct file uploads, easy application forms creation with e-mail notifications and entry exports, and 
enhanced user interface for content update. The day-to-day workflow has seen significant improvement as 
it is now easier than ever to create new content or edit pre-existing content. The refactoring also has the 
additional benefit of making the site truly extensible for future updates/upgrades. 
 
From a front-end perspective, the website is currently implementing a responsive design which allows it 
to serve up the best interface for mobile device, tablets, or large-screen personal computers. The overall 
usability of the website has seen significant improvement in terms of readability through the use of 
modern typography, consistent navigation, and the balance of text versus imagery. The overall load speed 
and Search Engine Optimization of the site has also been improved to allow for a better user experience. 
 
The UNAVCO websites are managed by the Web Team, Section Editors, and subject matter experts who 
contribute web content. Content for the seven sections of the primary UNAVCO website are the 
responsibility of Section Editors. The focus of the Web Team has been on the UNAVCO Web Integration 
Project, an effort to combine three disparate UNAVCO web presences into one cohesive website 
(www.unavco.org), better reflecting the GAGE Facility. This is a major effort that necessitates the redesign 
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of our main website’s information architecture (IA) to create a more user-friendly and logically consistent 
experience for our site visitors. The original IA of www.unavco.org was evaluated and restrutured to be 
able to incorporate content located on other UNAVCO-supported websites. This work includes the 
migration and refactoring of content from the PBO (http://pbo.unavco.org) and former UNAVCO Facility 
(http://facility.unavco.org) websites into a new www.unavco.org. Both static and dynamically produced 
content from these three sites was migrated to the new IA. As part of this project, regular Section Editor 
meetings were held monthly (and continue to be held) and content ownership was delegated to relevant 
staff stakeholders throughout UNAVCO Inc. One significant change that will be visible to the UNAVCO 
community is the adoption of user contact channels to UNAVCO staff via the new website to more closely 
tie to actual UNAVCO staff workflow, leading to more efficient support of community members. For 
example, community issues will be directed to a community@unavco.org contact list. 
 
The UNAVCO websites are a key resource for both the UNAVCO community and as a tool to reach beyond 
to educators and the general public (Table 1-2). Currently the web content is distributed among three 
websites, as discussed above. The GAGE Facility 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.  
 
Table 1-2A. Quarterly activity for the primary UNAVCO websites. The number of users metric quantifies 
the number of different site visitors. Total number of sessions quantifies the number of visits to the 
website separated by > 0.5 hr. Number of “page views” quantifies the number of individual pages viewed.  
WEBSITE IMPACTS GAGE Y1Q2 
Number of Users 68,369 
Number of Sessions 97,546 
Page Views 226,889 
 
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. 

Period / Domain Number of Users Number of Sessions Page Views 
Q2 www.unavco.org 27,694 41,073 106,577 
Q2 facility.unavco.org 33,104 44,835 91,159 
Q2 pbo.unavco.org 3,335 5,301 12,316 
Q2 resess.unavco.org 3,652 5,496 14,561 
Q2 coconet.unavco.org 584 841 2,276 
 
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 multi-
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disciplinary AfricaArray, and several other smaller continuously observing geodetic networks.  
 
A major new GI project was initiated in September 2013 with the recent award (EAR-1338091) of NSF 
Instrument Development Major Research Instrumentation (MRI) program entitled “MRI: TLALOCNet - 
Development of a continuous GPS-MET array in Mexico for atmospheric, climatic, and seismotectonic 
research in the Americas" ($1,500,000; 9/1/13 – 8/31/17). Core support from GAGE also will be used to 
leverage funds provided by the MRI award. A new Project Manager, Mr. John Galetzka, was hired to 
spearhead the TLALOCNet project. He joined the UNAVCO team in late February, 2014 and immediately 
hit the ground running by going to Mexico to complete a reconnaissance field trip and series of initial in 
country stakeholder meetings, which will be critical to the success of the project over the long-term. 
  
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: 
  

1) 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 mitigation of earthquake and volcano hazards; 
 
2) 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]. Given the reduction in budget to the GAGE Facility in 
year one to levels ~9% below FY2012, both of these strategic initiatives were significantly curtailed during 
GAGE Y1Q1 and Y1Q2. The impact to tasks (1) and (2) above have been mitigated in part through 
acquisition of new instruments with non-GAGE funds. 300 additional Trimble RT-GPS node licenses for 
the PIVOT platform (225 for PBO and 75 for PI projects) along with 50 new Trimble GNSS-capable NetR9 
receivers and choke ring antennas (10) and GNSS LNA kits (40) to upgrade PBO stations were purchased 
in late 2013. In addition, an 33 new Trimble GNSS-capable NetR9 instruments were purchased to 
upgrade the EAR PI-support instrument pool. These actions have helped to mitigate the GAGE YR1 
budget reductions to the GI program.  
 
Other important activities that have occurred during the current reporting period include proposal 
development of a Collaborative Research MRI request with PI David Holland of New York University 
($689K NYU; $232K UNAVCO) for enhanced terrestrial radar observations of calving processes at the 
Helheim Glacier, an outlet glacier in a fjord in southeast Greenland. The GI Polar Support team together 
with the GI TLS and D&T groups will work closely and cooperatively with the PI and the instrument 
manufacturer to assemble two ground-based interferometric radar (GBIR) systems capable of long-term 
polar deployment. The first step, which is the science centerpiece of the pending MRI proposal, is the 
collection of an adequate data base on which to construct such a calving rheology. Strain (and strain rate) 
will be densely measured in unprecedented temporal and spatial resolution as well as extended duration 
from the GBIR systems. The development of these GBIR systems will subsequently allow the wider-
community to deploy clones of the newly designed instrument system at a number of outlet glaciers 
around the world, and to thereby build an encompassing, physically-based calving rheology for outlet 
glaciers. This MRI proposal was submitted in late January 2014 and currently is under review at NSF. 
 
In addition to the MRI proposal discussed above, GI BSM Ops staff worked closely with PI Lawrence 
Murdoch of Clemson University to develop a proposal to the DOE to install a PBO GTSM/Seismic 
borehole instrument string proximal to an producing hydrocarbon field. Injecting CO2 or other fluids into 
a well deforms the enveloping rocks in a complex pattern that increases in magnitude and expands 
outward with time. This evolving strain field holds important information that can be interpreted to 
improve understanding of geomechanical processes such as fault slip, which could hinder the injection 
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process, or to sharpen estimates of formation properties and pressures, which will reduce risks and costs 
associated with injection. The objective of the proposed project is to evaluate the feasibility of measuring 
and interpreting the in-situ strain tensor to characterize CO2 injection processes. UNAVCO will provide 
and install a GTSM borehole instrument package as a subaward from Clemson. 
 
Lastly, the GI Director worked closely with the GI Advisory Committee, the PBO Working Group, and the 
UNAVCO Board of Directors liaison to the GI AC, to develop a workshop proposal to address the future of 
the PBO in the GAGE Facility and beyond the end of the EarthScope Science Plan in September 2018. We 
proposed a 3-day workshop to be held in Breckenridge, Colorado, now planned for the early fall of 2014, 
to bring together various stakeholders, core and potential additional federal and other state sponsors, 
scientific and technical leaders from a wide variety of interests and communities, and representatives 
from the commercial sector. Expected deliverables include a report and web resources encapsulating 
community-vetted recommendations. UNAVCO would incorporate these recommendations into future 
budget requests as part of the GAGE Facility CA (EAR-1261833). 
 
A summary of the important support GI metrics is shown below in Table 2-1.  
 
Table 2-1. Geodetic infrastructure metrics for GAGE. 

GEODETIC INFRASTRUCTURE METRICS: SUMMARY OF KEY METRICS GAGE Y1Q2 

PI Projects & Proposals Supported: NSF-EAR, NSF-Other (Qty) 20 
PI Projects & Proposals Supported: NSF-PLR (Qty) 25 
PI Projects & Proposals Supported: Other Community (Qty) 19 
Permanent Stations Supported: NSF-EAR and Community, PBO and Related (Qty) 2,092 
Permanent Stations Supported: NSF-PLR (Qty) 153 
Permanent Stations Supported: NASA GGN (Qty) 62 

PI PROJECTS SUPPORTED (QTY) GAGE Y1Q2 

GPS NSF-EAR 6 
GPS NSF-Other 5 
GPS Other Community 8 
GPS NSF-PLR Arctic 9 
GPS NSF-PLR Antarctic 2 
TLS NSF-EAR 2 
TLS NSF-Other 2 
TLS Other Community 4 
TLS NSF-PLR Arctic 0 
TLS NSF-PLR Antarctic 2 

PI PROPOSALS SUPPORTED (QTY) GAGE Y1Q2 

GPS NSF-EAR 2 
GPS NSF-Other 2 
GPS Other Community 5 
GPS NSF-PLR Arctic 0 
GPS NSF-PLR Antarctic 10 
TLS NSF-EAR 0 
TLS NSF-Other 1 
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TLS Other Community 2 
TLS NSF-PLR Arctic 0 
TLS NSF-PLR Antarctic 2 

UNIQUE PI's SUPPORTED (QTY) GAGE Y1Q2 

GPS NSF-EAR: Projects and Proposals 8 
GPS NSF-Other: Projects and Proposals 7 
GPS Other Community: Projects and Proposals 13 
GPS NSF-PLR Arctic: Projects and Proposals 7 
GPS NSF-PLR Antarctic: Projects and Proposals 8 
TLS NSF-EAR: Projects and Proposals 2 
TLS NSF-Other: Projects and Proposals 3 
TLS Other Community: Projects and Proposals 6 
TLS NSF-PLR Arctic: Projects and Proposals 0 
TLS NSF-PLR Antarctic: Projects and Proposals 1 
GPS NSF-EAR, NSF-Other, Other Community: Permanent Station Networks 53 

PERMANENT STATIONS O&M (QTY) GAGE Y1Q2 

GPS NSF-EAR and Community 757 
GPS NSF-PLR Arctic 76 
GPS NSF-PLR Antarctic 77 
GPS NASA GGN 62 
PBO GPS 1,127 
PBO Borehole Seismometers 79 
PBO Borehole Strainmeters 75 
PBO Shallow Borehole Tiltmeters 25 
PBO Pore Pressure Sensors 23 
PBO Long Baseline Laser Strainmeters 6 

POOL EQUIPMENT (QTY & UTILIZATION) GAGE Y1Q2 

GPS NSF-EAR (# Receivers in Pool) 646 
GPS NSF-EAR (Average % Utilization) 71% 
GPS NSF-EAR (Peak % Utilization) 75% 
GPS NSF-PLR Arctic (# Receivers in Pool) 125 
GPS NSF-PLR Arctic (Average % Utilization) 65% 
GPS NSF-PLR Arctic (Peak % Utilization) 78% 
GPS NSF-PLR Antarctic (# Receivers in Pool) 208 
GPS NSF-PLR Antarctic (Average % Utilization) 74% 
GPS NSF-PLR Antarctic (Peak % Utilization) 76% 
GPS Systems Repaired (UNAVCO & Community) 30 
TLS (# Scanners in Pool) 6 

DEVELOPMENT & TESTING (QTY) GAGE Y1Q2 
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D&T Projects Worked 16 
D&T Projects Completed 5 
 
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: 
● 1127 permanent GPS stations (1100 PBO core, 27 other) 
● 75 borehole strainmeters (74 PBO core, 1 NSF Continental Dynamics) 
● 79 borehole seismometers (78 PBO core, 1 NSF Continental Dynamics) 
● 23 borehole pore pressure sensors 
● 25 shallow borehole tiltmeters (out of 26 possible holes) 
● 6 long baseline laser strainmeters 
● 145 meteorological stations (118 core, 27 NOAA) 
● 430 real-time GPS stations (391 PBO core, including 282 stations upgraded as part of the NSF-

funded ARRA Cascadia initiative) 
 
2.2.1.1 cGPS Network  

 
Figure 2-1. GPS uptime time series for PBO network from April 2009 through March 2014. 
 
● The 1100-station core PBO GPS network uptime percentage for the month of March was 94.6%. 

For Y1Q2, the network uptime percentage was 94.8% and for the project since inception is 94.8%. 
● In FY2014-Q2, there were 86 GPS site visits, resolving 165 GPS issues during 207 engineer-days 

in the field. An additional 39 days of engineer travel involved required meetings and training. 
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● PBO SW engineers completed power upgrades and vandalism repair/mitigation at two radio 
repeater stations in the Western Transverse Ranges and Carrizo section of the San Andreas Fault.  

● PBO SW engineers continued collaborative work with Scripps, testing equipment, implementing 
repairs and hardening communications for sites with the MEMS accelerometer geodetic module. 
Final communications upgrades will be completed in FY2014-Q3. 

● The 13-station Edison/GeoPentech project was completed with all stations integrated into PBO 
dataflow and the final report was submitted. The new stations fill a gap in the PBO GPS network, 
which spans Los Angeles, Orange and San Diego counties and includes a site on the offshore oil 
platform ELLY. Twelve stations stream 1Hz data and four sites have met packs installed.  

● PBO-NW engineers responded to the Mw 6.8 Earthquake in Northern California. Two stations 
with data communications problems were brought back online within 24 hours of the event so 
that high rate data could be downloaded. 

● A joint BSM/GPS field team completed a successful Yellowstone National Park Winter Field 
maintenance operation, including accessing several remote (in winter conditions) PBO Borehole 
Strainmeter and GPS stations that proved very difficult to access. Several of these stations were 
used in the M4.7 Yellowstone Earthquake Response (37km ENE of West Yellowstone, Montana 
2014-03-30 12:34:39 UTC). 

● PBO-East regional staff assisted in several COCONet projects including Nicaragua data 
communications upgrades and continued support of COCONet tide gauge installations, including 
instrument procurement and site reconnaissance.  

● Max Enders worked with BA staff to finalize helicopter contract for the 2014 field season. 
● Max Enders worked with Accupoint Surveyors in AK to develop preliminary proposal and budget 

for proposed North Slope CORS network. 
● PBO field engineer Adam Woolace conducted reconnaissance for the TLALOCNet project in 

Mexico, along with traveling to Boulder to prepare equipment and materials for upcoming 
installations. 

● Doerte Mann attended a two-day project management training course in Boulder, CO. 
● Ellie Boyce worked with Lee Snett regarding POD and PBO website functionality and impact of 

short-term fixes on webpage loading times. 
● Heidi Willoughby completed all Investigator Annual Reports (IAR) for all PBO stations located on 

National Park Service land. 
● Ken Austin taught a TLS field class to students at the University of St. Thomas in January 2014. 
● All PBO-Alaska staff completed helicopter survival and wilderness first aid training in March 

2014. 
● The entire PBO-East field staff was re-certified in avalanche awareness education. 

 
2.2.1.2 Borehole Geophysics  
 
Table 2-2. PBO borehole geophysics network uptimes over Q2 2014. 

  BSM Seismic Tiltmeter 
Number of stations 75 79 25 
Uptime March 2014 93.8% 96.1% 75%  
Uptime Q2 2014 92.7% 94.2% 82%  
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Figure 2-2. PBO seismic network uptime time series from April 2009 through March 2014. 

 

 
Figure 2-3. PBO BSM network uptime time series from April 2009 through March 2014. 
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Figure 2-4. PBO tiltmeter network uptime time series from January through March 2014. Tilt network 

status is tracked on a quarterly basis. 
 
● Refer to section 2.2.1.4 for explanation of low tiltmeter up-time metrics. 
● BSM field engineers resolved 52 BSM maintenance issues with 44 field days in Q2 2014. 
● A winter maintenance trip into Yellowstone National Park resolved an issue allowing seismic data 

collection to begin at the new Norris station B950. 
● Shipped 4 GTSM instruments and install/logging equipment to Turkey. Tw0 installs are currently 

scheduled for June/July 2014. 
● Estimates completed and PRs approved for B020 A/C power drop. Currently coordinating 

schedules with electrician for project completion in Q3.  
● BSM group resumed monthly data quality station evaluations, and is organizing notes from these 

discussions for distribution.  
● Completed USGS B947/B948 Evaluate and Repair contract with submission of report to USGS. 

Remaining contract funds will be used to facilitate Carnegie strainmeter technology transfer to 
UNAVCO. 

● The solar array at B048 was vandalized, but the culprit was unable to fully remove the panels. 
They were re-secured using additional custom security hardware. 

● A representative from the Chinese Earthquake Administration division of Crustal Dynamics 
visited UNAVCO in January 2014 to formalize data exchange of limited BSM data as a pilot for 
broader exchange. 

● Co-seismic strain offsets were recorded at B950, B208, and B944 from the March 30 magnitude 
4.8 EQ in Yellowstone. 

● Liz van Boskirk made an hour-long presentation entitled "Episodic Tremor and Slip as Observed 
by Earthscope's Plate Boundary Observatory Borehole Strainmeter Network" to a Portland OR 
group (The Greater Humanists of Portland) in January. 

● Three BSM engineers attended the UNAVCO Science Workshop in early March. 
 
2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego  
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UCSD operates and maintains six long baseline laser strainmeter (LSM) instruments for the PBO network 
through a subaward administered by UNAVCO. UCSD also analyzes the data from these instruments and 
delivers LSM data products to UNAVCO as part of this award. UCSD activities related to LSM data 
processing and products are discussed in section 3.2.2. 

  
Overall LSM network performance this quarter was good despite some instrument and data issues. Of 
particular note was the failure of the main laser for one of the two LSM’s at Durmid Hill, located at the 
southeast end of the San Andreas fault. Because of reduced staffing at UCSD, this issue could not be 
resolved for more than one week. An increasing number of instrumental issues have had to be dealt with 
similarly, but with favorable weather and attention to the data editing, the performance factors remain 
high (Table 2-3). The Glendale LSM (GVS) recorded the 2014-03-29 M5.1 La Habra, CA earthquake on 
the Puente Hills thrust fault. Earthquakes on this structure are a major concern for those responsible for 
monitoring and reporting on seismic events in the Los Angeles metropolitan area. Near real-time records 
from GVS were useful to this community, in that they demonstrated that the pattern of long-term strain 
accumulation was unchanged around the time of this event. 
 
Table 2-3. LSM instrument performance metrics (percentage of data recorded at each site) this period. 

 CHL1 CHL2 DHL2 GVS1 SCS1 SCS2 Network 
Average 

2014-01 100% 100% 84% 99% 99% 100% 97% 

2014-02 98% 100% 83% 100% 96% 100% 96% 

2014-03 99% 99% 95% 93% 99% 100% 97% 
 
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 tiltmeters, which is on a best effort 
basis. The summary for all PBO sensor types is shown in Table 2-4. This period, all PBO data types 
exceeded the data return target. The time-series for data return percentage since the beginning of the 
initial 5-year PBO/SAFOD O&M award (EAR-0732947) is shown in Figure 2-5. 
 
Table 2-4. PBO network data return percentage for GAGE Y1Q2. 
PBO NETWORK PERFORMANCE: DATA RETURN (%) GAGE Y1Q2 
PBO GPS (Standard Rate) 95% 
PBO Borehole Seismometers 99% 
PBO Borehole Strainmeters 99% 
PBO Shallow Borehole Tiltmeters 90% 
PBO Pore Pressure Sensors 99% 
PBO Long Baseline Laser Strainmeters 100% 
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Figure 2-5. PBO network data return percentage. Cumulative data return for the PBO network since 
October 2008 (beginning of PBO O&M) is 99% for GPS, 96% for seismic, 98% for BSM, 100% for LSM, 
92% for pore pressure, 86% for tilt. Target = 85% (except tiltmeters, which are maintained on a best effort 
basis during accessible seasons).  
 
PBO network data return notes this period: 
● Strainmeters. B950 has been substituted for the station it replaced, B205, in the data quality 

metrics and B950 added. No sites were offline long enough to affect data quality metrics. 
● Pore Pressure. Pore Pressure sensor B082 failed the data quality metric this quarter because of 

construction near the borehole. The landowners drilled a new well in early March 2014. The 
creation of the new well combined with the continued hydrological pumping at the site induced 
large changes in pore pressure, which masked any correlation between barometric pressure and 
pore pressure changes. Completion of the new well is expected in April 2014. 

● Tiltmeters. There were several data outages in the tiltmeter sensor networkt this quarter, which 
were prolonged enough to effect the data quality metrics. Tiltmeter sites that failed the data 
quality metric are: 
○ AV08, AKU_WSlopeAK2005, Alaska: Although there is a complete data set the data were 

very noisy making the tides unresolvable.  
○ AV13, AKU_FumarolAK2005, Alaska: Site went offline Jan 15th, 2014. 
○ AV29, WestdahlSEAK2008, Alaska: Site has been completely offline since Feb 23rd 2014. 

Very few data were recorded between Jan 1 and Feb 23rd. 
○ AV39, ShishaldinAK2008, Alaska: Site has been offline since 2013-Oct-19. 
○ B204, marble204bwa2007, Mt St Helens: The data were too noisy in X-axis to resolve the 

tides this quarter. 
○ B945, panthr945swy2008, Yellowstone: Site has been offline since 2013-09-17. 
○ P693, MSH_NWDomeWA2004: Site has been offline since Feb 21, 2014. Data collected 

between Jan 1 and Feb 21 were very noisy, the tides could not be resolved. 
○ Field engineers are waiting for the roads to the Mt St Helens and Yellowstone sites to be clear 

of snow before attempting O&M. It is hoped the Yellowstone sites will be reached before the 
end of April or early May. There is a lot of snow on Mt St Helens this year. It may be after 
early May before the sites that require O&M are reached. 

 
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.  
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Table 2-5. Network performance metrics for PBO: data quality. 
PBO NETWORK PERFORMANCE: DATA QUALITY (Pass/Fail) GAGE Y1Q2 
PBO GPS H-RMS = PASS 

V-RMS = FAIL 
PBO Borehole Strainmeters PASS 
PBO Shallow Borehole Tiltmeters PASS 
PBO Pore Pressure Sensors PASS 
PBO Long Baseline Laser Strainmeters PASS 
 
In this reporting period, all PBO data types exceeded data quality metric targets except for PBO GPS data 
quality metric 2: “50% of stations w/RMS error in vertical position under 7.5mm.” The observed value for 
this quarter was 8.1 mm. This high RMS error was caused by anomalous height estimates in the Central 
Washington University GPS reprocessing solutions. The ultimate source of the problem was traced to 
issues with JPL’s original processing of the Goldstone site (GOLD) that were perpetuated in the JPL 
standard WLPB files used by CWU in their GIPSY processing. CWU is correcting this issue by performing 
full ambiguity resolution with Ambigon3 (written by G. Blewitt) for the time periods affected by the issues 
at GOLD, and this issue should be resolved next quarter. It should be noted that the NMT AC solutions 
showed no anomalies (JPL products were not used). This is a good example of the value provided by 
having parallel, but independent, GPS analysis centers using different software, processing methods, and 
data products to estimate positions and other GAGE data products.  
 
2.2.1.5 Real Time GPS Network Operations  
The average completeness across the UNAVCO RT-GPS network was ~84% for each month of the quarter. 
The median latency across the network throughout the quarter was about 220 milliseconds with 25% of 
the network having latency less than 160 ms and 75% of the network having latencies around 600 
milliseconds (Table 2-6). The spread in latencies does not vary much over the quarter (Figure 2-6). 
 
Table 2-6. Real time GPS network completeness and latency for GAGE Y1Q2. 

Month Number 
of Sites 

Network 
Completeness 

(%) 

Number 
Online 

Average 
Latency* 

(ms) 

Median 
Latency 

(ms) 

25% 
(ms) 

75% 
(ms) 

2014-01 440 84 400 732 221 161 577 

2014-02 440 83 403 908 227 166 592 

2014-03 440 84 401 954 219 160 632 

* Latencies are based on sites online during the quarter.  
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Figure 2-6. Real time GPS latency during GAGE Y1 Q2. 

 
2.2.2 Field Support for the NASA GGN  
 
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 62 
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN). UNAVCO staff monitors 
the network, configures and ships new equipment to site operators as necessary, and constructs new 
permanent sites or modifies existing geodetic monuments as directed by JPL. UNAVCO staff works 
closely with local collaborators at each station for the purposes of routine maintenance as well as 
troubleshooting when data flow is interrupted, and performs field maintenance and upgrades. 
 
Seventy-fiv 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 JPL and the geodetic 
user community. Four sites are in the process of being repaired as a result of data communications 
failures, but they are otherwise healthy, and data will be recovered when communications have been 
restored. 
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Figure 2-7. Operational state of the NASA GGN on April 1, 2014. Green indicates an operational station 
grey indicates a 3-week or longer interruption in data flow. 
 
During the past three months UNAVCO engineers made two separate trips to repair station HARV at the 
Harvest Oil Platform off of the coast of California. The purpose of the initial visit was to replace the station 
computer, uninterruptible power supply, and air conditioning units, which were reported by local 
collaborators to have caused the data flow interruption that had been observed by UNAVCO staff. It was 
then discovered that both the primary (HARV) and secondary (HAR2) receivers had failed due to 
overheating during the air conditioning outage. A return trip was scheduled to install a new multi-
constellation GNSS receiver at HARV, and troubleshoot further data quality degradation caused by 
antenna and cabling issues thought to have been exacerbated by power fluctuations. HARV is now fully 
operational while the HAR2 receiver has been retired. UNAVCO engineers also visited stations AMC2 in 
Colorado Springs, Colorado and QUIN located Quincy, California, respectively to install new station 
computers to replace failed systems. 

 
In addition, UNAVCO shipped 7 new computers to replace failed equipment, which were installed by local 
station collaborators. We are now using redundant solid-state data storage devices on GGN field 
computers, and new industrial hard drives are being tested for future deployment to mitigate station 
failure frequency. 
 
2.2.3 Polar Projects: GNET & ANET  
 
UNAVCO completed activities related to the 2013-2014 Antarctic field season this quarter. A significant 
percentage of the engineering effort went towards the support of ANET, the Antarctic component of the 
POLENET project. Five new sites were installed this field season as part of a renewal of the ANET award 
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and expansion of the original network. The new sites bring the total number of core sites to 42. LARISSA, 
a sister network operating on the Antarctic Peninsula, added nine cGPS stations to ANET for a combined 
total of 51 cGPS sites in Antarctica. Despite significant obstacles, including a late season start up and 
challenging logistical constraints, the ANET effort was very successful, with 15 field visits to existing sites 
in addition to the new installations. While some minor station repairs were required, most issues did not 
impact data collection. Considering the extreme conditions under which these sites operate, we were 
pleased with the condition of the network. All visited sites were upgraded to the latest technical 
specifications, including new firmware, communications updates, critical path redundancy, and hardened 
power and other infrastructure. Three new sites are scheduled for installation next field season to 
complete the extended ANET network. The average culmulative ANET data recovery, measured by data 
that reaches the UNAVCO archive, is currently at 88.9%. For monthly averages, see Figure 2-8 below. 
 

 
Figure 2-8. POLENET/ANET and LARISSA network status since inception. Solid red area shows the 
number of stations operating through time (51 at close of Y1Q2). Orange line shows monthly data return 
percentage. 
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Figure 2-9. Locations of ANET and LARISSA continuously operating GPS stations in Antarctica. 

 
Preparatory work has begun this quarter in support of the upcoming POLENET/GNET field season. 
Approximately 18 sites are scheduled for maintenance visits, which will include both repairs and 
upgrades. A number of replacement kits are undergoing fabrication and test in preparation for this 
aggressive 2014 summer maintenance plan. Currently, all but four of the 42 GNET sites are fully 
operational. Bear-hardening will again be a focus or the northern sites, and deployed battery status and 
state of health analysis will occur at all sites on the visit plan. Overall GNET data recovery, measured by 
data that reaches the UNAVCO archive, is currently 90.2%. For monthly averages, see Figure 2-10 below. 
Higher data recovery rates in Greenland are attributable in part to milder weather conditions and the 
greater ease of reaching failed sites for maintenance. 
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Figure 2-10. POLENET/GNET network status since inception. Solid red area shows the number of 
stations operating through time (42 at close of Y1Q2). Orange line shows monthly data return percentage. 

 

 
Figure 2-11. GNET continuously operating GPS stations in Greenland. 

 
GNET Stations receiving maintenance field visits this quarter: Nothing to report. 
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ANET Stations receiving maintenance field visits this quarter: 
● ROB4 - The system board was replaced due to NetRS failure. A second Ethernet radio was 

installed for redundancy. 
● FLM5 - The system board was replaced due to NetRS failure. A second Ethernet radio was 

installed for redundancy. 
● COTE - The system board was replaced and the batteries were all tested. A second Ethernet radio 

was installed for redundancy. 
● MIN0 - The system board replaced and the firmware on the rudics modem was updated. The 

wind turbine was swapped for a new turbine. 
● IGGY - The rudics modem firmware was updated. 
● LWN0 - The system board was replaced because of a failed modem and the Hardigg cases were 

stacked on the frame. 
● DEVI - The site was inspected but nothing was changed 
● RAMG - The system board replacement and the wind turbine was replaced. 
● HOWE - The site was inspected and a new wind turbine was installed. 
● PECE - The site was inspected, but nothing was changed. 
● CRDI - The system board was replaced. 
● FALL - The system board was replaced and a new turbine was installed. 
● WHTM - The site was inspection and a bad solar panel was removed. 
● WILN - The system board was replaced and new iridium antennas were installed. 
● HOWN - The system board was replaced and new iridium antennas were installed. 

 
2.2.4 Support for Other Community Networks  

GPS PI Network Engineering 
UNAVCO provides operations and management (O&M) support at various levels to 757 continuously 
operating GPS stations in 53 different PI networks, where stations were originally installed in support of a 
PI project. Many of these stations continue to operate beyond the funding period of the original project. 
The O&M support includes data downloading, state of health monitoring and reporting, resolving 
communications and equipment issues, shipping replacement equipment, and working with PIs and local 
contacts to resolve problems. UNAVCO, working closely with PIs and their collaborators, provides this 
O&M support at three broad levels (the number of projects supported in parentheses below): 

● High– UNAVCO provides centralized O&M support that may include retrieving the data, 
monitoring station data flow, and proactively responding to problems with data flow or station 
hardware. Problems are fixed remotely working with collaborators if necessary. If maintenance 
trips or materials are required for O&M, these are provided by the PI’s project. 

● Medium– PI or collaborators download the data from the stations, monitor station data flow, 
and handle most problems themselves. UNAVCO provides engineering and technical support on a 
request basis. Any UNAVCO Engineering maintenance trips and materials required for O&M are 
provided by the PI’s project. 

● Low– UNAVCO provides only archiving support and a low-level of technical support. UNAVCO 
does not monitor or download data from the stations. UNAVCO provides engineering and 
technical support on a request basis. 
  

The performance of each network varies greatly and is generally correlated with the method of data 
downloading and delivery to UNAVCO. Networks that have stations that are online, where the data is 
downloaded and archived by UNAVCO, show a higher percentage of expected data returned for the past 
quarter. COCONet (82% data return, 71 of 87 stations, this quarter) and HoustonNet (100% data return 
from 16 stations this quarter) are examples of these types of networks. Networks that are in remote areas, 
not online and are only downloaded periodically, may show a lower percentage of data returned for a 
particular period; however, the overall yearly data return often can be similar to networked site. 
 
The UNAVCO PI support group is working on implementing a network monitoring tool called Nagios. 
This web based monitoring tool will allow easy access to a stations state of health (SOH). The SOH can be 
determined by either directly connecting the receiver if it is online or by examining the data that is in the 
UNAVCO archive (e.g. data that is ftp’d to UNAVCO). 
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Last quarter, UNAVCO engineers prepared equipment, material, and supplies needed to perform a 
complete overhaul of the Nicoya cGPS network in support of PI T. Dixon’s new NSF-PH award EAR-
1345100 (http://www.nsf.gov/awardsearch/showAward?AWD_ID=1345100&HistoricalAwards=false). 
Fieldwork is scheduled for late May 2014. Planned upgrades include new cellular modems, batteries, 
enclosures and domes. 
 
2.3 PI PROJECT SUPPORT 
 
2.3.1 EAR PI GPS Project Engineering and Equipment Support  

 
GPS PI Project Engineering & Equipment Support: NSF-EAR & Community 
UNAVCO provides state-of-the-art GNSS equipment and engineering services to PI projects. This includes 
project management, planning, installation, operations and maintenance of continuous, permanent 
GPS/GNSS station networks around the globe. Engineers and technicians also undertake technology 
development, testing, and systems integration to support new project demands. 

GPS PI Project Support 
In this reporting period, 19 individual PI projects (6 NSF-EAR, 5 NSF-Other, and 8 Community) were 
supported by UNAVCO through proposal development, project planning, network design, monument 
design, equipment preparation and installation, and establishing real-time data flow. During this 
reporting period, the engineering staff assisted the COCONet project with 5 new cGPS installations and 
upgrades. In addition, UNAVCO supported 9 new PI proposals.  

GPS Instrument Pool 
The UNAVCO GAGE receiver pool now consists of 646 GPS- and GNSS-capable receivers with the 
merging of the 100 EarthScope-PBO-designated Topcon instruments with the former UNAVCO pool 
(Figure 2-12). This integration enables UNAVCO to better support PI projects. The receiver pool consists 
of Topcon GB1000, and Trimble NetR9, NetRS, and R7 receivers purchased by UNAVCO for use as both 
campaign receivers and to support for specific NSF-EAR projects and thus many 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 71% (Figure 2-13). UNAVCO continues to upgrade the receiver pool with 
the latest in GNSS-capable receivers available; 33 new Trimble NetR9 instruments were purchased with 
non-GAGE funds in late December 2013. We expect to augment the PI receiver pool in GAGE YR1Q3 with 
an additional 20 receivers. 

PI GPS Instrument Repairs 
The GAGE Facility is an authorized Trimble repair facility. Since the introduction of the Trimble NetRS , 
the UNAVCO community has purchased over 4000 receivers through the UNAVCO-community purchase 
program. With this program new receivers come with a five-year warranty with the stipulation that 
repairs are performed by UNAVCO. This arrangement has brought the equipment costs down and further 
enables GPS instruments to be used for longer periods of time. During this reporting period, UNAVCO 
processed 30 RMAs. This includes repairs for GPS receivers, antennas, radio modems, and surface 
metrological 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. 
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Figure 2-12. UNAVCO NSF-EAR receiver pool inventory from 01 October 2003 through 31 March 2014. 
Note: the drop in 2006 is due the NSF-PLR pool no longer being included in the metric. 

 

 
Figure 2-13. UNAVCO NSF-EAR receiver pool utilization from 01 October 2003 through 31 March 2014. 
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 transitioned out of Antarctic and to preparations for the Arctic field 
season during this quarter. Antarctic field operations proved challenging as aircraft resources were quite 
stressed this year. Moving cargo and personnel within the interior of the continent required a great deal of 
flexibility and contingency planning. Nevertheless, the outcomes for projects supported by UNAVCO were 
very good, with three new projects initiated in January 2014 and a total of twenty-three projects 
supported for the 2013-2014 season. Instrumentation was packed up and sent North, to be readied for the 
Arctic season. Failure of the McMurdo ice pier late in the season delayed gear transport from Antarctica, 
but sufficient equipment was already staged at the UNAVCO facility to cover early Arctic requests. 

 
Terrestrial Laser Scanning (TLS) support was provided to seven projects over the course of the Antarctic 
field season, two of those projects in the current quarter. Demand is steady, and the spectrum of scanning 
applications is growing. Most TLS projects have a GPS component, which results in the higher demand for 
GPS instruments. UNAVCO field engineers employed the recently acquired Riegl VZ-1000 scanner in 
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Antarctica, as well as shorter-range model, the VZ-400. Scans included multiple sites on Mount Erebus 
and in the McMurdo Dry Valleys. While an added challenge to manage projects at high altitudes and low 
temperatures, these conditions are within scanner capabilities. No Arctic TLS projects were supported in 
the second quarter due to seasonality, although there will be TLS projects supported in the GAGE YR1Q3.  

An autonomous power platform was provided to PIs Jill Mikucki and Erin Pettit to run a suite of 
overwintering monitoring instruments in the Taylor Valley. Power systems are a useful product from the 
development of a viable power and communications system for the POLENET project, giving PIs a viable 
platform on which to run instrumentation without the lengthy development phase normally required for 
such infrastructure. 

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”. In addition, UNAVCO 
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. Similar 
installations are supported at the three continuously operated US research stations in Antarctica: 
McMurdo Station, Palmer Station and the Amundsen-Scott South Pole Station. 

 
Figure 2-14. Performing maintenance on cGPS station PHIG near the summit of Mount Erebus, 

Antarctica. 

The Arctic season began earlier than normal this year, with some PI teams requesting equipment by early 
February. While this is exceptionally early based on previous seasons, we are seeing a slow shift towards 
earlier project starts. Project support is becoming a continuous process year round for both poles. This 
trend is a step forward, providing time for UNAVCO to better meet project requirements with planning 
and testing. The UNAVCO Polar team has fielded or otherwise provided support for nine Arctic PI 
projects this quarter for a total of thirteen projects this fiscal year. 

 
There are currently 125 GPS receivers in the Arctic pool and 208 receivers in the Antarctic pool. Many of 
these are deployed year round in support of continuous stations in Greenland and Antarctica. 

2.3.3 Geodetic Imaging (TLS)  
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Geodetic Imaging activities during the GAGE Y1Q2 period included engineering support for PI projects, 
planning support for PI proposals, education and outreach, and resource development. In this reporting 
period, a total of 9 TLS field projects (2 EAR, 2 PLR, 2 NSF Other, 4 other community funded) and 5 
proposals (2X PLR, 1 NSF Other, 2 other community funded) were supported by the Geodetic Imaging 
project (Figure 2-15). 
 

 
Figure 2-15. Number of TLS projects and proposals supported by UNAVCO through March 31, 2014. 

 
During the reporting period, an RFQ for the procurement of a new TLS system was developed in 
consultation with UNAVCO staff and the UNAVCO Terrestrial Imaging Geodesy Working Group 
(TIGWiG). The RFQ was posted just after the reporting period, in early April 2014. This procurement is 
the second under UNAVCO’s active award, Acquisition of Next Generation Terrestrial Laser Scanning 
Systems for Community Earth and Polar Science Research, funded in spring of 2013. 

  
To meet the needs of UNAVCO’s growing and diversifying TLS user community, UNAVCO is actively 
developing training resources and documentation to support Earth science TLS users. Several 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)/).  

 
Geodetic Imaging staff co-led (with Dave Sutherland, City of Boulder Open Space and Mountain Parks) 
the field trip at the UNAVCO Science Workshop in March 2014. The trip visited the Fourmile Creek 
Canyon area in North Boulder, and area that was greatly affected by the September 2013 flooding. 
UNAVCO staff demonstrated UNAVCO’s TLS capabilities and presented preliminary results comparing 
post-flood TLS data to pre-flood ALS data collected in 2010 for the Boulder Creek Critical Zone 
Observatory. During the field trip, Ed Nissen, Colorado School of Mines and UNAVCO TIGWiG member, 
also demonstrated an aerial Structure from Motion data collection technique using a “helikite”. These 
data were also compared to the pre-flood ALS data to document erosion due to the September floods.  
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Figure 2-16. UNAVCO staff demonstrate the operation of a Riegl VZ-400 terrestrial laser scanner to 
Science Workshop field trip participants (left Photo/Beth Bartel). Image of change between pre-
September 2013 flooding airborne lidar and post-flood TLS data (Right Graphic/Christopher Crosby). 
Warm colors show areas of erosion while cool colors are deposition. Maximum erosion is 2.3 m. 
 
2.4 DEVELOPMENT AND TESTING  

 
The GAGE Facility Development and Testing effort is staffed by 2.75 FTE’s at the Project Manager, 
Engineer III and Engineer II level, now incorporating the Borehole Strainmeter and GPS testing efforts. 
Ad-hoc contributions to individual Development and Testing 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 the implementation of server-based real-time GPS 
positioning capabilities in close collaboration with GDS are important ongoing projects undertaken by the 
D&T staff. 

  
The inaugural meeting of the Development and Testing Product Council, consisting of six stakeholders 
from the UNAVCO GI and GDS programs, was held in February 2014. The council considered a large 
number of projects and tasks, many of them ongoing, from four major technological areas: GNSS Systems 
(receivers and antennas), Data Communications (radios, cellular and satellite), Power Systems (including 
batteries, solar charging systems, and fuel cells), and Other Sensors (including borehole strainmeters, 
meteorological sensors, and tide gauges). Final priorities and milestones will be set during the next 
council meeting in early Q3 and quarterly thereafter. As detailed in the metrics section, 16 projects were 
given attention during the reporting period, 5 of which were brought to completion and 11 of which to be 
continued into the coming quarter. 
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Figure 2-17. High-precision vertical antenna testing device designed by Henry Berglund. Uses included 
testing of real-time positioning algorithms and determination of near-field effects on antenna 
performance. 

 
Two Special Topics Sessions at the 2014 UNAVCO Science Workshop were co-chaired by the D&T Project 
Manager: “GNSS, network modernization, and other emerging technologies” (with Dr. Felipe Nievinski) 
and “High rate, real-time GPS for studies of earthquakes, volcanic eruptions and other major events” with 
Dr. Ingrid Johanson and Dave Mencin). In addition to guiding the discussions and soliciting feedback 
from the Community on these topics, presentations by D&T staff were given at each session highlighting 
key ongoing D&T efforts, “Stability of GNSS Monumentation” and “Comparison of Real-Time GPS 
Positioning Algorithms”. The latter, presented by Henry Berglund analyzed data collected by a recently-
constructed high-precision kinematic testing device (Figure 2-17) of his design. The analysis included 
comparison of MIT’s TrackRT, a server-based double-difference baseline method, with Trimble’s 
commercial RTX system, a global PPP method that is available as both receiver-based and server-based 
services. Figure 2-18 shows that while TrackRT is less noisy that RTX more accurately calculates the fling-
step offset that would be used to calculate earthquake magnitude in real-time. 

 

 
Figure 2-18. Comparison of computed positions with vertical antenna position using TrackRT (left) and 
Trimble receiver-based RTX (right). The RTX algorithm (a Precise Point Position method) is noisier but 
shows better agreement during the fling-step motion than the double-difference TrackRT baseline 
processing. 
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Performance Metric 1/2014 – 3/2014: 16 Development and Testing Projects, 5 Completed 

 
2.5 GI PROGRAM SUMMARY 
 
This has been a busy quarter for the GI program with the development of several large infrastructure 
proposals and the continued effort to complete construction of COCONet and HousteNET. Additional 
efforts to obtain contracts for new cGPS network construction are underway and likely to be completed in 
in GAGE Y1Q3. Polar Services field engineer will move to the GDS program full-time in the next quarter 
and the Polar Services group is actively searching for her replacement and another field engineer to 
support POLENET and PI project support in the polar regions. PBO GPS and BSM staff are ramping up 
for a the busy summer field seasons and the upcoming installation of 4 GTSM/Seismic instrument 
packages along the Sea of Marmara segment of the North Anatolian fault system. PBO GPS Ops is 
currently searching for a replacement field engineer to support the PBO SW region. We expect to bring 
this search as well as the Polar Services searches to successful conclusions in the early part of GAGE Y1Q3. 
 
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 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 key GDS activities of the quarter include: 1) event response including generation of custom geodetic 
data sets for March 30, 2014, Yellowstone earthquake and the March 10, 2014, Ferndale, California, 
earthquake . With the Ferndale event high rate (1 Hz and 5 Hz) GPS data were downloaded and made 
available from the archive. High rate data downloads require additional resources for data handling, 
processing and storage. To efficiently meet demand, these processes are being streamlined and criteria for 
data-related aspects of event response are being evaluated. 2) ongoing reprocessing of PBO and 
supplementary stations by the GAGE Analysis Centers (NMT, CWU) and Analysis Center Coordinator 
(MIT) back to 1996; 3) completion of onsite configuration of new Storage Area Network (SAN) servers for 
long term storage and backup ftp services; 3) installation of hardware at the offsite facility at Front Range 
Internet in Fort Collins, CO. This facility will eventually replace Socorro as the new offsite backup host 
starting with the backup ftp service that will be implemented next quarter; 4) development of web services 
systems is being integrated into core and augmentations funded through this cooperative agreement and 
separate awards from NSF EarthCube, NSF SAVI COOPEUS, and NASA ROSES ACCESS. At the end of 
this quarter Data Center staff attended the COOPEUS/EPOS (European Plate Observing System) 
sponsored Geodetic Seamless Archive Centers (GSAC) workshop in Portugal. UNAVCO’s efforts to 
promote the implementation of GSAC have led to a number of GSAC installations in Europe. The further 
adoption of the technology for EPOS and development of a European federated GSAC was discussed at 
the workshop. These efforts will lead to harmonization of information technologies across the Atlantic and 
broader and easier access to geodetic data. GDS data metrics are summarized below in Tables 3-1 and 3-2. 



33 

 
Table 3-1. Geodetic data metrics for GAGE facility. 

GEODETIC DATA METRICS: SUMMARY OF KEY METRICS GAGE Y1Q2 

Campaigns Archived - All Sensors (Qty) 8 
Permanent Stations Archived - All Sensors (Qty) 2,791 
Data Volume Archived - All Products (GB) 5,488 
Data Volume Delivered - All Products (GB) 14,606 
PBO Data Volume Archived - All Products (GB) 3,883 
PBO Data Volume Delivered - All Products (GB) 9,161 

CAMPAIGNS ARCHIVED (QTY) GAGE Y1Q2 

GPS 3 
TLS 5 

PERMANENT STATIONS ARCHIVED (QTY) GAGE Y1Q2 

GPS - All sample rates and delivery methods 2,573 
GPS High Rate (1-Hz and Higher) 611 
Delivered via Stream 249 
Delivered via Download, Continuous 160 
Delivered via Download, Intermittent 208 
Seismic 83 
BSM 81 
Tilt 25 
Pore 23 
LSM 6 

TOTAL MONUMENTS W/ DATA MAINTAINED IN ARCHIVE (QTY) GAGE Y1Q2 

GPS - All Monuments with Data 12,455 
GPS - All Campaigns with Data 936 
GPS - All Permanent Stations with Data 2,965 
Seismic 84 
BSM 82 
Tilt 26 
Pore 23 
LSM 6 

DATA VOLUME ARCHIVED (GB) GAGE Y1Q2 

GPS - All sample rates and delivery methods 4,060 
GPS Standard Rate 888 
GPS High Rate 1,452 
GPS Data Products (Level 2 and higher) 1,720 
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Seismic 298 
BSM Raw Data 85 
BSM Data Products 0.4 
Tilt 1 
Pore 2 
LSM Raw Data 3 
LSM Data Products 0.005 
SAR 726 
TLS 313 

DATA VOLUME DELIVERED (GB) GAGE Y1Q2 

GPS - All sample rates and delivery methods 10,902 
GPS Standard Rate 7,774 
GPS High Rate 556 
GPS Data Products (Level 2 and higher) 482 
GPS Real Time Streams 2,090 
Seismic 1,875 
BSM Raw Data 78 
BSM Data Products 52 
Tilt 2.7 
Pore 64 
LSM Raw Data 0.1 
LSM Data Products 0.2 
SAR 1,617 
TLS 15 

DATA USERS (MONTHLY AVERAGE, QTY) GAGE Y1Q2 

GPS Standard Rate (unique IP's) 2,496 
GPS High Rate (unique IP's) 1,118 
GPS Data Products (unique IP's) 106 
GPS Real Time Streams (active registered users) 51 
Seismic (2nd level domains) 70 
BSM Raw Data (2nd level domains) 211 
BSM Data Products (2nd level domains) 13 
Tilt (2nd level domains) 7 
Pore (2nd level domains) 4 
LSM Raw Data (2nd level domains) 10 
LSM Data Products (2nd level domains) 7 
ALS (unique users reported by OpenTopography) 122 
SAR (active registered users) 17 
TLS (unique IP's) 11 
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CUSTOM HIGH RATE GPS DATA REQUESTS THIS PERIOD (QTY) GAGE Y1Q2 

Event response 4 
Other 4 

NSF & NASA COMMUNITY SOFTWARE (QTY) GAGE Y1Q2 

TEQC downloads 3,806 
TEQC information requests 197 
ISCE downloads 188 
 
Table 3-2. Geodetic data metrics for PBO network. 

PBO DATA VOLUME ARCHIVED (GB) GAGE Y1Q2 

PBO GPS 3,519 
PBO GPS Standard Rate 448 
PBO GPS High Rate 1,351 
PBO GPS Data Products (Level 2 and higher) 1,720 
PBO Seismic 272 
PBO BSM Raw Data 85 
PBO BSM Data Products (Level 2 and higher) 0.4 
PBO Tilt 1 
PBO Pore 2 
PBO LSM 3 
PBO LSM Data Products (Level 2 and higher) 0.1 

PBO DATA VOLUME DELIVERED (GB) GAGE Y1Q2 

PBO GPS 7,155 
PBO GPS Standard Rate 4,027 
PBO GPS High Rate 556 
PBO GPS Data Products (Level 2 and higher) 482 
PBO GPS Real Time Streams 2,090 
PBO Seismic 1,813 
PBO BSM Raw Data 74 
PBO BSM Data Products (Level 2 and higher) 52 
PBO Tilt 2.7 
PBO Pore 64 
PBO LSM Raw Data 0.1 
PBO LSM Data Products (Level 2 and higher) 0.2 
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Figure 3-1. Cumulative total UNAVCO data archived through 31 March 2014.  

 

 
Figure 3-2. Cumulative PBO data delivered through 31 March 2014. 
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3.1 DATA OPERATIONS AND MANAGEMENT 
 
3.1.1 Network Data Flow  
 
Network data flow covers 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. Operational capabilities are addressed on a best-effort basis. No service 
interruptions impacting external users occurred for data flow this quarter.  

This quarter the software team addressed improving the scripts for transfer of event-based high-rate GPS 
data to Boulder. The improvements allow the data engineers and technicians to set up and monitor data 
transfer for large numbers of stations for these special limited duration downloads. The data handling for 
the events in March 2014 were aided by this improvement.  

3.1.2 GPS campaign Data Flow  
 
Data flow for GPS campaigns was a relatively minor activity given that over the quarter investigators 
deposited data for archiving at the rate of one campaign per month (Table 3-1). There were no 
maintenance or improvements to campaign data flow for the quarter.  
 
Starting this quarter, we are also reporting the number of TLS campaigns archived via the RAMADDA 
system as a new metric (Table 3-1). 
 
3.2 DATA PRODUCTS 
 
In addition to normal data product operations, UNAVCO provided custom data products associated with 
the following geophysical events this period: 
● 2014-01-13 M6.4 Hatillo, Puerto Rico Earthquake. GPS high rate (1Hz and 5Hz) data downloaded 

from two nearby stations. 
● 2014-03-10 M6.8 Ferndale, CA earthquake. GPS high rate (1Hz and 5Hz) data downloaded from 

214 stations out to 500 km radius from epicenter. ACC estimated offsets for affected stations. 
Fully processed 1Hz BSM data provided. See highlight for additional information on the data 
response for this event. Summary: http://www.unavco.org/highlights/2014/ferndale.html.  

● 2014-03-29 M5.1 La Habra, CA earthquake. GPS high rate (1Hz and 5Hz) data downloaded from 
10 nearby stations. ACC estimated offsets for affected stations. Fully processed 1Hz BSM data 
provided. http://www.unavco.org/highlights/2014/lahabra.html  

● 2014-03-30 M4.7 Yellowstone earthquake. GPS high rate (1Hz and 5Hz) data downloaded from 6 
nearby stations. ACC estimated offsets for affected stations. Fully processed 1Hz BSM data 
provided. See highlight for additional information on the data response for this event. Web page 
summary in development. 

 
3.2.1 GPS/GNSS Data Processing and Products  
 
The GAGE GPS Analysis Centers (AC’s) and Analysis Center Coordinator (ACC) processed data and 
provided products this quarter from 1,837 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, with the exception of the erroneous 
GIPSY products from JPL. High rate (1-Hz and 5-Hz) GPS data and displacement estimates were provided 
in response to the Hatillo, Ferndale, La Habra and Yellowstone earthquakes described above (see 
Ferndale and Yellowstone earthquake highlights for additional information).  
 
Of particular note this period, the GAGE GPS AC’s completed their reprocessing of all available data back 
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through 1996. This ambitious effort began in Fall 2012. The ACC made significant progress in generating 
higher level products based on these AC results, and all remaining products from this reprocessing effort 
should be delivered to UNAVCO next quarter. The next major reprocessing effort is planned to begin in 
2015, in order to implement the upcoming ITRF2013 reference frame. 

 
A UNAVCO/ACC/AC operations meeting/telecon was held on 1/24/2014, and an operations face to face 
meeting was held on 3/5/2014 during the UNAVCO Science Workshop. These meetings were attended by 
the subaward directors and supported personnel as well as key UNAVCO GDS staff. 
 
Updates and enhancements to GPS time series plots and plotting tools continued this quarter. Ongoing 
updates to GPS data product documentation and content for the new UNAVCO website also continued 
this period.  

  
3.2.1.1 GPS Analysis Center Subaward: Central Washington University 
● Routine generation of rapid and final products, including and 12- and 26-week supplemental 

solutions, was stable. 
● Made refinements to reporting of meteorological data for PBO final products and improvement of 

metadata provenance tracking.  
● Completed processing the backlog of supplemental runs to fill the gap between the end of the re-

analysis run and the present 3 and 6-month lag.  
● Debugging some of the corrupted time series displayed by a small number of stations during the 

reanalysis time period.  
  

3.2.1.2 GPS Analysis Center Subaward: New Mexico Institute of Mining and Technology 
● Routine generation of rapid and final products, including and 12- and 26-week supplemental 

solutions, was stable. 
● Developed new procedures to take advantage of increased computational and storage capabilities, 

in particular to facilitate major reanalysis efforts. 
● Performed incremental upgrades to GAMIT/GLOBK analysis package version 10.5, primarily to 

accommodate new satellite launches. 
● 10 new stations, mostly associated with the COCONet project, were added to NMT processing. 
● Now attempt to retrieve data from the PANGA archive in addition to the UNAVCO, CORS, and 

SOPAC archives, to better coordinate with the CWU AC download procedures. Metadata for non-
UNAVCO maintained stations, such as for the BARD, PANGA, and WCDA networks, are now 
retrieved from more primary sources. 

● Improved processing scripts to allow better flexibility when adding in new networks 
● Implementing newly developed time-series analysis procedures provided in the GAMIT/GLOBK 

distribution package to better visualize and quality check data products. 
● Documented analysis procedures, including updating the IGS-style NMT.acn description of the 

models used, and a description of the methods we use to implement the GAMIT processing 
scripts to generate the GAGE products. These files, together with additional metadata tables and 
other GAMIT/GLOBK-specific command files necessary for other researchers to duplicate our 
products, were provided to UNAVCO for general distribution. This represents a very important 
community contribution. 

  
3.2.1.3 GPS Analysis Center Coordinator Subaward: Massachusetts Institute of Technology 
● Routine combination of final and rapid level 2a products, including and 12- and 26-week 

supplemental solutions, was stable. 
● In this quarter 1837 sites were processed compared to 1847 for the previous quarter. 
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● For the three months of the final position time series generated by NMT, CWU and combination 
of the two (PBO), 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 
scatters are less than 1.2 mm for all centers and as low as 0.7 mm for NMT north component. The 
up RMS scatters are less than 6.0 mm and as low as 4.4 mm. 

● Generated monthly and quarterly “snapshot” velocity fields in the NAM08 reference frame based 
on the time series analysis of all data processed to that time. This quarter there were 2052 sites, 8 
more than last quarter, in these analyses. 

● Earthquake Analyses: 2014/01/01-2014/03/31. The NEIC catalog was used to search for 
earthquakes that could cause coseismic offsets at the sites analyzed by the GAGE analysis centers. 
MIT identified one event that caused coseismic offsets at GAGE GPS sites: the 2014-03-01 M6.8 
Ferndale, CA event. MIT generated observed coseismic offsets and event files and sent them to 
UNAVCO. This event was numbered 29. See highlight (linked from Section 1) for additional 
information on this event. 

● Investigated and reported 23 antenna change offsets. Noteworthy: 1) MTNT antenna change 
results ultimately in ~+10-15 mm height change when processed correctly, and if the metadata is 
not corrected then the height error is ~+90 mm; 2) changes to TRM57971.00 antennas often (but 
not always) show +3-4 mm East shifts. 

● Reviewed anomalous height estimates in the CWU reprocessing solutions. The problem seems to 
have arisen from bad widelane ambiguity (L1-L2 number of cycles) resolution by the JPL analysis 
center for the Goldstone site. For much of the reprocessing results, CWU was using these 
anomalous results, which affected their solutions. CWU is in the process of acquiring uncorrupted 
GIPSY products for reprocessing. 

● Refined scripts to improve reliability of data product delivery from MIT to UNAVCO particularly 
with regard to avoiding LMD queue issues and missing files. MIT was limited to 50 Gbytes per 
day for the transfer of reprocessed SINEX files, which meant that no more than 10-weeks of 
solutions per day could be transferred to UNAVCO. 

● Prepared 27-page comprehensive report on Y1Q2 activities and analytics. PDF will be made 
available from UNAVCO website. 

  
3.2.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of 
Technology 
During this period MIT carried out routine development of the GAMIT/GLOBK software: minor 
enhancement of 6 features, table updates of PRN reassignments for 5 satellites, and support for 3 new 
receivers and 12 new antennas. In late March MIT began major enhancements of the software to 
incorporate models for consistency with IGS standards for the second reprocessing of the global data and 
an eventual reprocessing of PBO: Kouba model for satellite yaw, general relativity effects in satellite 
orbits, updated coefficients for the solid-Earth pole tide, and implementation of the ocean pole tide. There 
were no GAMIT short courses, but MIT spent 5-10 hours per week in email support for users. During this 
period, MIT issued royalty-free licenses to 18 new users from universities and government laboratories. 

 
3.2.1.5 Custom Data Product Requests 
UNAVCO supported a total of eight custom data requests this period including 1-Hz and 5-Hz data 
downloads for the Hatillo, Ferndale, La Habra and Yellowstone earthquakes described above. Non-event 
data requests were for high rate GPS data to support SCEC projects, educational projects and regional 
airborne LiDAR missions. 
 
3.2.2 Strain, Seismic and Tiltmeter Data Processing and Products  
 
UNAVCO processes data and provides products for borehole strainmeters, seismometers and tiltmeters in 
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the PBO network. Routine data processing and product operations were stable this period. Fully 
processed 1Hz BSM data were generated for the Ferndale, La Habra and Yellowstone earthquakes 
described above (see Ferndale and Yellowstone earthquake highlights).  
 
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. Taking advantage of both the longevity of 
the recordings and the availability of instrument-status/environmental signals UCSD recently identified a 
problem in the NS strainmeter at SCS, and are currently working to reprocess the observations for the 
past year, which stands to give a significantly improved recording of the strain for this site. UCSD first 
noticed an increased variance in the fully corrected strain record, beginning sometime after 2013:213. 
After isolating a handful of episodes of abnormally high strain rates, unsubstantiated by the adjacent EW 
LSM, UCSD was able to correlate these events with periods of high winds. In retrospect, the onset of these 
problems coincide with the introduction of a new optical component, necessary then because large long-
period air pressure fluctuations were causing the cushioning material inside one of the optics assemblies 
to misalign the laser beam for the optical anchor measurement at the south end of the strainmeter. This 
new commercial component appears to respond similarly, except that it is exclusively in response to very 
high frequency air pressure changes: those occurring during high winds. This complementary problem 
was much harder to find but the evidence is now quite clear, and UCSD is proceeding to reprocess the 
data, and to again replace the offending optical element. Considerable data editing was required for a 
number of series this quarter. Work on providing a more complete set of supplemental ancillary 
recordings, useful to create more fully corrected strain series, was finally completed and is now included 
in regular XML-data releases. Kathleen Hodgkinson made these new data-series available on the 
UNAVCO web site. 
 
3.2.3 Meteorological and Hydrologic Data Products  
 
Meteorological data are collected along with GPS/GNSS and other forms of geophysical data to enhance 
the datasets, contribute to network monitoring information, and provide additional information for 
interpretation of deformation signals. Temperature, humidity and barometric pressure data collected at 
GPS stations are available directly from the GPS RINEX files. Routine product operations were stable. 

 
Troposphere parameters are generated by the GAGE GPS Analysis Centers at CWU and NMT using GIPSY 
and GAMIT software respectively during daily GPS post-processing. The tropospheric paramaters are 
made available as data products by FTP from ftp://data-out.unavco.org/pub/products/troposphere. 
Routine product operations were stable. 

 
UNAVCO is currently developing new displacement models based on hydrologic loading from land 
surface models (LSM) produced by the Global Land Data Assimilation System in order to improve 
identification and analysis of geodetic and non-geodetic signals in GPS station time series. Preliminary 
data products were made available this quarter from ftp://data-out.unavco.org/pub/products/hydro. 
Documentation will be released next quarter as development of these new products continues. Metrics for 
these products are under development. 
 
3.2.4 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 3.3.4, 
LiDAR data management and archiving.  

 
EarthScope ALS data products are supported by OpenTopography with metrics reported by them to 
UNAVCO. No new ALS related data product activities have been performed to date under the GAGE CA.  
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3.3 DATA MANAGEMENT AND ARCHIVING 
 
3.3.1 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.  
 
The metrics in Table 3-1 document the data volumes archived and delivered. Metrics notes for the 
quarter: 
● Most archiving and distribution metrics were typical this quarter. 
● The archiving of the reprocessed GPS analysis products continues to impact the associated 

metrics, as was the case in the previous quarter. 
● An increase in the archiving of high-rate data resulted from earthquake related data activities. 

Similarly, the count of stations that provided high-rate data for archiving increased. 
● Standard rate data deliveries continue to be the highest volume category for archived GNSS 

(other categories tracked are high rate and products). 
● An extreme spike in pickup occurred in March, with one unresolved IP accounting for 3 Tb of data 

pickup. Similar pickups by other users have occurred in the past. 
● Beginning in January and continuing through the quarter, the number of distinct IPs accessing 

data climbed to new highs. This activity corresponds to hundreds of distinct IPs accessing just a 
handful of files, with the total volume accessed by these distinct IPs being small. We are assessing 
adding a threshold of files accessed for reporting unique IPs. 

 
From approximately August 2013 through January 2014, the reprocessing effort by the GAGE GPS Data 
Analysis Centers (CWU and NMT) caused a significant increase in data volume deliveries. Deliveries to 
the AC’s approached 30% of the total GPS data volume delivered from the UNAVCO archive in September 
and December of 2013. During periods of normal AC operations (no reprocessing) the AC proportion is 
down in the 2-3% range, which is where it was at the end of Y1Q2. Now that the current reprocessing 
effort is complete, we expect data deliveries to the GAGE AC’s to remain fairly low going forward until the 
next reprocessing effort begins in 2015. 
 
Data archiving and distribution is an operational activity that continues to grow, with stations added for 
archiving from COCONet, HoustonNet, Malawi Rifting, Caltech Nepal, Costa Rica, Haiti, and the IGS 
networks. Everyday operational activities of the data management and archiving staff were impacted by 
the requirement to handle the extra volume of high rate data acquired in association with four 
earthquakes (Puerto Rico, Ferndale, La Habra, and Yellowstone). Delay of non-critical tasks allowed for 
accommodating additional labor for event-based data archiving. 
 
This quarter, recently purchased Storage Area Network servers were placed into service. This completes 
the expansion to nearly 100 Tb of usable space for the long-term archive. We also completed an expansion 
and simultaneous relocation of the failover ftp server. The aging server that had been in place at New 
Mexico Institute of Mining and Technology was retrieved and brought to Boulder to facilitate copying of 
the data collection to the new server. Planned down-time for the primary or the failover server supported 
bringing on the new storage capacity. During the transition there was a temporary interruption in access 
to older data and products, though the most commonly accessed recent data and products were always 
available. The activity of assembling the complete data collections on both ftp servers through several 
iterations consumed a significant fraction of staff attention including both IT staff and Data Center staff. 

The newly installed servers were configured with operating system. Future plans include simultaneous 
upgrade to Oracle 12c and migration of the production archive database to these systems. Testing of these 
systems is currently underway. 

Our new offsite ftp server has been installed at FRII, Inc., a Colorado collocation services provider. This 
relocation built on months of preparation, including establishment of the contract with FRII, installation 
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of infrastructure at their newly constructed Fort Collins data center, and installation of UNAVCO’s SAN 
server with a 100 Tb RAID and virtual machine software. We plan to migrate additional offsite services 
from New Mexico to our installation at FRII (Figure 3-3). 

 
Figure 3-3. Summary of updated PBO GPS data flow including new offsite server at FRII. 

 
3.3.2 Real Time GPS Data Flow and Management  
 
UNAVCO provides high-rate (1 Hz), low-latency (<1 s) GPS data streams (RT-GPS) from approximately 
430 stations, 391 of which are PBO stations, including 282 stations upgraded as part of the NSF-funded 
ARRA Cascadia initiative. 
 
The RT-GPS program, maintained at status quo in the GAGE budget, continues to operate at high levels. 
With the departure of Data Engineer Charlie Sievers, the RT-GPS group was combined with the borehole 
data group, Kathleen Hodgkinson and Brent Henderson, to streamline data collection and operations 
gaining efficiency.  
 
RT-GPS data users are classified into three groups: academic, commercial and government. Commercial 
users were the largest group to access RT-GPS in each month of the quarter but government agencies and 
nonprofit consortia collectively downloaded the largest volume of data (Figure 3-4). 
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Figure 3-4. Real-time GPS data users. 
Registered data users are all of the users who 
have been given access to RTGPS 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. Government agency and 
nonprofit consortia users accessed the 
largest volume of data this quarter. It is 
interesting to note the long-standing trend 
that while commercial users are the largest 
group by number, they access less data. 

 
 
3.3.3 Borehole Geophysics Data: Strain, Seismic, Tilt, Pore Pressure 
 
Metrics for data archiving and delivery volumes this period, as well as unique users, are summarized in 
Table 3-1. In accordance with increased community demand for higher level BSM data products, we have 
split the former “BSM Data” download and delivery metrics into “BG Raw Data” and “BG Products” 
(earthquakes and Level 2 products) to provide higher resolution BSM data metrics reporting for GAGE.  

 
Metrics notes this period: 
● Most strain, seismic, tilt, and pore pressure data metrics were typical this quarter. 
● There was a moderate spike in BSM raw data downloads in January and February. IP analysis 

indicates this can be attributed to unknown user(s) with softlayer.com addresses. 
● There was a spike in pore pressure data downloads this quarter. IP analysis indicates this can be 

attributed to users from Natural Resources Canada. 
● There was a moderate increase in tiltmeter data downloads in Q2 compared to Q1. However, 

compared to recent years, it is actually the case that Q1 was a period of fewer downloads than 
usual. The primary user during the period was USGS.  

● There was an extreme spike in the number of BSM data users this quarter (547 2nd level domains 
in March vs. 65 in February.) IP analysis indicates this can be mostly attributed to Asia Pacific 
Network addresses. 
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3.3.4 LiDAR – Terrestrial and Airborne Laser Scanning Data  
 
Due to staff transitions and the search for a new Data Engineer to work on the TLS data archive, progress 
in the development of the new online archive capabilities was delayed (http:// tls.unavco.org). The hire is 
now completed. Data from TLS PI projects continue to be added to the archive as projects are completed, 
with 313 GB of TLS data added this quarter. We anticipate good progress on the TLS data archive in the 
coming quarters as the new Data Engineer comes up to speed and focuses attention on this activity. 
 
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by 
OpenTopography this quarter: 
● 86 unique users ran 214 point cloud processing jobs on 6,436,584,433 lidar points.. 
● 36 unique users downloaded 16.5 GB of pre-computed DEM data through 55 jobs. 

 
3.3.5 SAR Data  
 
UNAVCO has managed the SAR Archive since 2005, with significant recent enhancements under a 
supporting NASA award. Under GAGE, UNAVCO orders ESA and TerraSAR-X scenes in response to 
WInSAR user requests. In addition, the WInSAR Executive Committee and UNAVCO arranged for a 
tasking quota with DLR for use by WInSAR. WInSAR user requested tasking orders for the 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. 

 
SAR data metrics are shown in Table 3-1. WInSAR scenes from the European Space Agency (ESA) are 
available without cost under their open data policy. TSX data access is restricted to Co-PIs associated with 
a specific science proposal approved by DLR. 

 
Metrics notes this period: 
● We have begun reporting the number of ISCE software downloads each month as a new metric. 
● EarthScope SAR metrics are no longer reported independently from other SAR data metrics due 

to changes in ESA data policy and due to integration of the acquired ESA SAR data in the 
upgraded archive. 

● There was a spike in the volume of SAR data access in January. This is real and attributable to a 
registered user from the University of Washington. 

 
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware, database, 
software, and web presence. Recent updates have been focused on developing data ingest capabilities to 
allow UNAVCO to host data from newer satellite platforms such as CosmoSkyMed (CSK) which WInSAR 
community users are beginning to utilize. Support for CSK data will ultimately be integrated into the 
WInSAR data portal (https://winsar.unavco.org/portal/), developed during the previous reporting 
periods, to provide enhanced management for TerraSAR-X data (PI management of DLR proposals), 
search and status of TSX tasking activities for both WInSAR and Supersites, and WInSAR password reset. 

 
During the reporting period, we have solidified processes for cloud-based backups for UNAVCO’s SAR 
holdings. The new backup procedure leverages the fact that ESA act as primary archive for ERS-1, ERS-2, 
and Envisat, while the Alaska Satellite Facility (ASF) RADARSAT-1. For all data not archived in ESA’s 
Archive4 system or at ASF, UNAVCO is now backing up data 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. (see previous comment) 
 
Supersites support  
For the GEO Supersites and Natural Laboratories initiative, UNAVCO provides data ordering (from the 
European Space Agency), together with data management (download and repackaging) of the orders 
received, and upload of the orders to the ESA supported cloud storage (Level 4 archive). In addition to 
this operational data management activity, UNAVCO provides web site content management and hosting 
for the Supersites main page and for Supersite Event pages.  

 
Building on the successes of UNAVCO’s ongoing NASA ROSES ACCESS funded work to develop a 
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Seamless SAR Archive (SSARA), UNAVCO staff members have been engaged in discussions with the 
European SAR community (DLR, ESA, CEOS, etc.) regarding federated access to data, data processing 
environments, and metadata and product formats. The goal is to leverage the SSARA work to build 
federated access to data hosted by the space agencies that participate in Supersites. 
 
3.4 CYBERINFRASTRUCTURE  
 
Several projects are in progress to expand the cyberinfrastructure capabilities of UNAVCO’s geodetic data 
systems. Our efforts in a related collaboration with the IRIS-led EarthCube Building Blocks award 
“Deploying Web Services Across Multiple Geoscience Domains” this quarter include participation in 
technical and management level meetings as well as modifications and enhancements by our software 
team to web services that are being leveraged by the award. Our Geodesy Seamless Archive Centers 
(GSAC) software has been adopted by the European Plate Observing System (EPOS). UNAVCO’s activities 
include efforts to streamline the software installation process and to document the uses of the software; 
these efforts have been supported through the COOPEUS change order to the expiring PBO O&M 
cooperative agreement. Under this related support, UNAVCO staff participated in the EPOS WG4 
workshop in Portugal in March (travel reimbursed by EC COOPEUS), offering instruction on software 
architecture and installation of a federated repository was covered in a hands-on lab setting. 
 

 
Figure 3-5. Stuart Wier demonstrates GSAC Federation installation in Covilha Portugal at the EPOS WG4 
GSAC Workshop. 
 
UNAVCO’s support to NASA under GAGE includes progress in development of the IGS Site Log Manager 
tool. Regular team teleconferences and work by a contract Software Engineer have advanced the new 
requirements and enhancements identified by the IGS Central Bureau team and beta testers. 
 
3.5 GDS PROGRAM SUMMARY  
 
As summarized in Tables 3-1 and 3-2 and discussed above, the Geodetic Data Services program collects 
and monitors 89 detailed and 6 key summary metrics. These metrics include numbers of stations, data 
and derived data product volumes archived and delivered, user metrics, and software downloads. The 6 
key summary metrics for Y1Q2 campaigns and permanent stations archived, data volumes archived and 
delivered are generally similar to Y1Q1. Notably the total data volume delivered (14,606 GB) is ~2.6 times 
the volume of data archived this quarter (5,488 GB). The total volume of data in the archive (all sensors) 
is now over 110 TB. The number of permanent stations (all sensors) increased slightly from 2,765 in Y1Q1 
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to 2,791 in Y1Q2, to in Y1Q2 primarily due to retirement of inactive stations. 
  
Metrics on data users (monthly average and quantity) are also presented in Table 3-1. There are 14 
individual metrics for each of the sensor types (GPS, BSM, Tilt, Pore, LSM, ALS, SAR and TLS) including 
data products when available. Notable metrics include 2,496 unique IP’s for GPS Standard Rate data, 
1,118 for GPS High Rate data, and 106 for GPS Data Products such as the GPS time series and vector 
products. This does not include access through new web services where tracking methods still need to be 
evaluated and developed. Seismic data are primarily distributed by IRIS, which reports 70 2nd level 
domain users. BSM has 211 2nd level domain users of raw data and 13 for data products. OpenTopography 
distributes ALSM data that was primarily collected by NCALM and supported by UNAVCO during 
EarthScope MREFC. OpenTopography reports 122 unique users during the current quarter. 
  
Primary program improvements include full recovery from failed onsite disc storage systems and 
implementation of a new SANS disc storage unit that is installed at the FRII offsite facility and that will be 
fully commissioned during GAGE Y1Q3. Processing systems continue to be migrated from older computer 
systems to VM (virtual machines) allowing for consistent and more efficient computer servers. As noted, 
this quarter the software team addressed improving the scripts for transfer of event-based high-rate GPS 
data to Boulder allowing for more efficient operations. In addition, processes were improved for cloud-
based backups for UNAVCO’s SAR holdings. Staffing shortfalls in system administration, data 
engineering, software engineering and project management and the ongoing search process continued to 
take time of GDS and HR search teams. Progress was made, however, with the move of Polar Services 
Field Engineer Marianne Okal into the role of TLS Data Engineer. Her move from a primary field role to 
data role will expedite development of the TLS archive and process workflow. 
 

4. Education and Community Engagement  
 
4.1 OVERVIEW   
 
The Education and Community Engagement (ECE) program supports community scientist and teacher 
professional development activities, education materials development and dissemination, geo-workforce 
development initiatives, and community engagement, communications, and support. ECE staff supported 
the 2014 UNAVCO Science Workshop and two well-received technical short courses offered in association 
with the workshop. The ECE team continues to achieve substantial improvements in the number, quality 
and diversity of applicants to its NSF-funded RESESS program (currently funded under a companion 
award, with plans to transition RESESS program management to GAGE), attracting an active and talented 
group of interns into the 2014 summer program. The ECE team actively participates in UNAVCO website 
upgrades, leads the organization-wide social media effort, works with UNAVCO staff to develop Program 
Highlights, and collaborates with external partners to develop interactive displays for exploring Earth 
science content. 

 
ECE Highlight: Installation of a GPS-focused Museum Display in Oregon 
 
In early January, UNAVCO installed its first complete museum exhibit entitled, “Monitoring a Shifting 
Earth” at Oregon State University's Hatfield Marine Science Visitor Center (HMSC), a Sea Grant 
Institution, in Newport, Oregon (Figure 4-1). UNAVCO Science Education Specialist, Shelley Olds led 
exhibit development, working with community members, and partnerships with Bob Butler from 
University of Portland, Bob Lillie and Nancee Hunter from Oregon State University. This project was 
primarily funded by the expiring PBO O&M award. 
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Figure 4-1. Monitoring a Shifting Earth, an interactive museum exhibit at the Hatfield Marine Science 
Center in Newport, Oregon.  
 
The goal of the exhibit is to raise public awareness about the geo-hazards in the Pacific Northwest, to 
showcase how the EarthScope Plate Boundary Observatory high-precision GPS network measures the 
movement of the land as it accumulates seismic energy, and to illustrate the role that the upgraded PBO 
GPS network is expected to play in supporting science and hazards research to mitigate those hazards 
(Figure 4-2). The exhibit features PBO GPS, and the role of the Plate Boundary Observatoryin monitoring 
and forecasting natural hazards. The display focuses on Cascadia strain and geophysics, and featuring 
interactive hands-on physical-kinesthetic models for visitors to explore the buildup of strain, deformation, 
and sudden release of elastic strain that occurs during anearthquake. It includes supportive freestanding 
interpretive panels and an accompanying interactive kiosk. Evaluation data is collected by Oregon State 
University as part of an ongoing exhibit evaluation.  
 
HMSC is an ideal location for this geo-hazard exhibit. The Visitors Center receives over 150,000 visitors a 
year. It is located in Yaquina Bay, less than a mile from the Pacific Ocean, a few feet in elevation above sea 
level, placing the museum and its visitors in the tsunami inundation zone. It is also the site of long-
standing geodetic observations from predecessor, PBO Nucleus installations. The HMSC Visitor Center is 
also a working learning research lab with automated recording systems to research how visitors use 
exhibits, with the goal of improving the visitor experience. These data will help to improve this exhibit for 
future installations. 
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Figure 4-2. Close up of the “Load...Explode” interactive with the “Millimeter Measurements from Space” 
and GPS models in the background. Underneath the GPS is a real-scale tape measuring the approximate 
12-foot distance that the coast of Newport, Oregon has contracted and moved since the previous great 
earthquake on January 26, 1700. 
 
Table 4-1. Education and Community Engagement (ECE) metrics for GAGE. 
ECE METRICS: ACTIVITIES (QTY) GAGE Y1Q2 
Short Courses 2 
Workshops and Outreach Events 12 
Education and Outreach Products 11 
Internship Programs 0 
Community Support for Education & Broader Impacts 1 
ECE METRICS: REACH (QTY) GAGE Y1Q2 
Researchers + Research Faculty 98 
University + College Faculty 152 
Post-docs 16 
Graduate Students 60 
Undergraduate Students 4 
Public / K-12 Students 69 
K-12 Faculty 29 
Other Professionals 47 
Large Event visitors 37,500 
 
4.2 PROFESSIONAL DEVELOPMENT  
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Through professional development activities, UNAVCO broadens the community that uses UNAVCO-
supported tools, data, and instrumentation through technical training, educational workshops and online 
resources. UNAVCO ECE Professional Development includes technical short courses, educational 
workshops, formal interactions of geoscience education stakeholders, and evaluation services. Two 
technical short courses were conducted at the UNAVCO Science workshop: Strainmeter and 
Hydrogeodesy. Table 4-2 profiles attendees of the short courses by career status. The number of total 
participants in the Strainmeter course is notable; this course typically attracts 10 to 15 participants. 
Offering it in conjunction with the Science Workshop may have provided an opportunity for many new 
community members to learn about strainmeters and strain data. In addition, because many UNAVCO 
staff participated in the Workshop, they were able to further their own skills by participating in one or 
both of the short courses.  
 
Table 4-2A. March 2014 Strainmeter short course participant summary by career status (self-identified).  

Short Course Participants: Strainmeter, March 2014 

Audience # Participants 
Researchers + Research Faculty 20 
Regular Faculty 7 
Post-docs 1 
Graduate Students 10 
UNAVCO Staff 12 
TOTAL 50 
 
Table 4-2B. March 2014 Hydrogeodesy short course participant summary by career status (self-
identified). 

Short Course Participants: Hydrogeodesy, March 2014 

Audience # Participants 
Researchers + Research Faculty 16 
Regular Faculty 17 
Post-docs 1 
Graduate Students 15 
UNAVCO Staff 9 
TOTAL 58 
 
Under a variety of awards, including GAGE Y1Q2 activities UNAVCO has supported the NSF EarthScope-
funded Cascadia EarthScope Earthquake and Tsunami Education Program (CEETEP) since its inception 
(funding began April 1, 2013). UNAVCO staff provides both technical advice and expertise on curricular 
resources development. CEETEP participants include K-12 teachers, park interpreters, and emergency 
management personnel. On March 8, 2014, CEETEP held its first Share-a-Thon. A Share-a-Thon is a 
venue for science education colleagues to share their favorite lessons, activities, labs, etc. with colleagues 
(see Figure 4-3). The CEETEP reconvened participants from two 2013 CEETEP workshops to present on 
activities and learner accomplishments over the intervening half year. More than 140 presentations and 
resources have been made by CEETEP participants, reaching more than 5400 students, park/museum 
visitors, and community members. 
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Figure 4-3. Workshop participants present activities undertaken and learner accomplishments during 
the CEETEP (Cascadia EarthScope Earthquake and Tsunami Education Program) Share-a-thon March 8, 
2014. 

 
On February 18, UNAVCO provided professional development training via a full-day education workshop 
entitled, “Teaching plate tectonics with GPS” to seven middle school science teachers at the Prairie Middle 
School in Aurora, Colorado, a part of the Cherry Creek School District. The workshop provided an 
overview of UNAVCO and geodesy, and applications of GPS. Teachers worked through data-rich activities 
that incorporate UNAVCO GPS data to explore plate motion and hot spots. 

 
4.3 EDUCATION RESOURCES 
 
UNAVCO facilitates the development and dissemination of geodesy-focused educational materials. ECE 
supports education workshops for college faculty and secondary teachers through partnerships and 
collaborations with science education-focused organizations. On March 4 2014, during the UNAVCO 
Science Workshop UNAVCO ECE staff facilitated a Special Topics Session regarding undergraduate 
curriculum. Participants learned about existing geodesy teaching resources as well as the GETSI project 
and provided feedback to help with future geodesy curriculum efforts. Suggestions proposed by 
community members in attendance included: address a broad scope of topics in curriculum materials 
develop including climate and water resources in addition to tectonics and hazards; use easily accessible 
data sets and open source software; feature interactive online data analysis tools; and help educators and 
grant PIs with broader impact components of grants, perhaps through wikis, blogs or other community 
development and communication methods. 

 
4.4 COMMUNITY COMMUNICATIONS 
 
UNAVCO facilitates greater communication, collaboration, access, and dissemination of UNAVCO science 
and education to both the UNAVCO and broader communities. ECE efforts in this area include 
collaboration with the EarthScope National Office, Geological Society of America, and IRIS among other 
organizations. Communications reach include both the UNAVCO scientific community and the public 
through the 2014 Science Workshop, EarthScope InSights, UNAVCO Project Highlights featured on the 
website home page, community outreach support, social media feeds, and informal educational 
opportunities, including a museum display. 

 
Project Highlights, short summaries sharing UNAVCO’s work, are featured on and linked from the 
UNAVCO home page and consistently draw some of the heaviest traffic on our website. In Q2, we featured 
work from Polar, COCONet, NASA/GGN, EAR, and Geodetic Data Services in a total of seven highlights. 
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Highlights serve to inform stakeholders of UNAVCO’s ongoing community support efforts and have the 
potential to yield results directly beneficial to the researchers we support. For example, in March, a 
researcher supported by UNAVCO reported that publicity of his project through a UNAVCO Project 
Highlight was recognized by his University Provost and aided in making the case that his project, a field 
course, is a cutting edge program deserving of continued university support. 
 
A significant effort is devoted to sharing UNAVCO impacts, activities, and resources through the 
UNAVCO social media channels. The primary channels at this time include Facebook, YouTube and 
Twitter. The UNAVCO Facebook page is administered by ECE staff with wide contributions from 
UNAVCO staff, ensuring that a broad spectrum of UNAVCO activities are captured. We currently have 
953 “Likes” on the UANVCO Facebook page and gained 91 new “Likes” over Q1, increasing our fan base by 
more than 10%. Posts included a week-long campaign about the 50th anniversary of the 1964 Great 
Alaska Earthquake focusing on geodesy’s role in understanding earthquakes, past and present (Figure 4-
4). Posts featured the Plate Boundary Observatory and other GPS sites in Alaska and included quiz 
questions to engage viewers.  

 

 
Figure 4-4. Facebook banner for the week of March 24-28,2014 for the 50th anniversary of the 1964 Great 
Alaska Earthquake. 
 
The YouTube channel “unavcovideos” is the primary venue for sharing Science Workshop presentations, 
educational animations, and internal science seminars. New videos include the suite of seven talks given 
by UNAVCO staff at the annual AGU@UNAVCO event, three UNAVCO Science Seminars, and six full 
interviews with community members who were involved in the early days of geodetic GPS and UNAVCO, 
to celebrate UNAVCO’s 30th anniversary. YouTube analytics indicate that the total number of views 
increased from 1829 in Q1 to 2,946 in Q2 and the approximate number of minutes watched increased 
from 4,461 in Q1 to 7,389 in Q2. The UNAVCO Twitter account, history project, and Science Seminars are 
managed by UNAVCO External Affairs and used to communicate announcements, opportunities, geo-
events and related items. There are 533 “followers” on Twitter.  
 
Additional notable activities include:  
● UNAVCO ECE managed the inaugural enGAGE interactive space at the 2014 UNAVCO Science 

Workshop. The space featured demonstrations of classroom activities for teaching strain (by 
community member Vince Cronin), an up-close look at a GPS antenna and Terrestrial Laser 
Scanner (TLS) by UNAVCO Geodetic Imaging staff, as well as a display of one of the three TI-
4100 Navstar Navigation System GPS receivers with accompanying historical photos. 

● In collaboration with the EarthScope National Office and PBO staff B. Bartel wrote an article for 
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the Winter EarthScope InSights publication highlighting a recent borehole strainmeter 
installation in Yellowstone. 

● In support of the UNAVCO Polar Services, ECE developed a flyer announcing the 2014 Polar 
Technology Conference held April 14-17 at Indiana University in Bloomington, Indiana. UNAVCO 
staff members serve on the conference steering committee. This year, the conference drew 
approximately 60 attendees. The flyer is linked from the conference home page and features the 
photography of UNAVCO polar engineers. 

● In February, UNAVCO ECE participated in Science is Everywhere, an event organized by a local 
school district. On Saturday, Feb. 8, we demonstrated glacial isostasy for groups of 4th- and 5th-
graders. On the following Saturday, the students explained the activity to their parents. UNAVCO 
was one of four local science organizations to participate. 

 
4.5 GEO-WORKFORCE DEVELOPMENT 
 
The UNAVCO facility is committed to growing the geodesy community and geo-workforce. Intentional 
preparation and talent development of populations traditionally underrepresented in the geoscience 
workforce will present an infusion of necessary new perspectives and people into the workforce. UNAVCO 
efforts in this area traditionally were manifested through the Research Experiences in Solid Earth Science 
for Students (RESESS) program, currently under a separate award (NSF-OEDG-0914704), with plans to 
integrate RESESS management into the core with supplemental funding. New initiatives are in 
development to develop complementary funding streams. These include innovative approaches to 
strengthening geo-workforce development and improving diversity in the solid Earth sciences, specifically 
geodesy. 

 
The RESESS Program is recognized as a national model for increasing the diversity of students entering 
graduate school in the geosciences. RESESS provides mentored undergraduate research internships 
designed to bridge the transition to graduate school for a diverse population of high-achieving geoscience 
students. UNAVCO provides support through the Business Affairs staff including Human Resources (HR), 
Contracts, Procurement, Accounting, as well as IT support. The 2014 RESESS application period closed 
February 1. The program received 165 applications, 96 of those complete, for the first year internship 
program. The Business Affairs program provided support in job posting and application intake and 
processing, as well as with communications with potential candidates. UNAVCO project managers (3) and 
staff from the ECE (3), GDS (3), and GI (1) programs assisted with review of 30 finalists during individual 
candidate review and during a 2-hour selection panel discussion to rank finalists as a group. Each panelist 
reviewed 8 applications, and each application was reviewed at least 3 times. Following candidate selection 
and notification (5 new interns, 5 returning interns) HR and other BA staff assisted with updating, 
creation, and distribution of new hire paperwork and processing of the incoming intern documents. 

 
RESESS communications produced by UNAVCO included the Winter 2014 RESESS Newsletter and 
ongoing efforts on Facebook. Volume 2 Issue 1 of the RESESS newsletter was sent via e-mail to alumni 
and stakeholders and was published online (Table 4-5). Ongoing posts on the RESESS Facebook page 
alert students to opportunities to advance their geoscience careers, both within and outside of UNAVCO. 
The RESESS Facebook page aquired 26 new Likes in Q2, bringing the total number of page Likes to 125. 
 
At the 2014 UNAVCO Science Workshop, UNAVCO staff facilitated the Expanding Networks Through 
Mentoring (E-NET) mentoring program between students, postdocs and established community 
members. Participants included 13 community members and three UNAVCO staff who served as mentors 
to 32 students and early career professionals. Prior to the start of the workshop, we facilitated 
introductions between mentor groups via email, and facilitated in-person introductions during the 
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workshop. Reserved lunch tables were provided on Wednesday in order to facilitate mentor group 
discussions, and we encouraged mentors and mentees to view posters together on Tuesday and 
Wednesday evenings. In addition, mentor groups were encouraged to dine together for breakfast on 
Tuesday and Thursday mornings if they were available. 

 
In addition to E-NET, at the Science Workshop UNAVCO ECE co-convened an inaugural special topic 
session with Bob Wang, University of Houston, focused on gathering stakeholder input to guide new 
activities to develop workforce capacity in the geosciences. After presentations of field education 
experience activities at the University of Houston and introduction to a proposed framework for 
development of geo-workforce (Figure 4-5, a discussion with over 15 community participants provided 
direction and areas of focus for future efforts. Recommendations included guidance for incorporating 
field education into college-level classes, hands-on experience with TLS and other instrumentation, 
networking opportunities for students and early career professionals, and PI support for broader impacts 
to support broadening participation. Ongoing discussions with key stakeholders and community members 
will further help refine the focus of geo-workforce development efforts. 

 
Figure 4-5. Framework for broadening participation in geosciences through a scaffolded network 
approach. Programs and resources targeting each of the four groups - lower- and upper-division 
undergraduates, graduate students, post-doc/early career - will provide a coherent experience whereby 
students can develop the skills and network necessary to be successful in a geoscience career. 
 
4.6 ECE PROGRAM SUMMARY 
 
The ECE program is finalizing a 5-year implementation plan outlining short- and long-term objectives, 
action plans and alignment to the strategic goals of both UNAVCO and NSF. The implementation plan is a 
living document that will guide future work in each of the four ECE areas of focus. The ECE Advisory 
Committee provided guidance and input to the implementation plan during the face-to-face committee 
meeting in March. The implementation plan will be finalized in May 2014 and reviewed annually, at a 
minimum, to ensure we are being responsive to community and stakeholder needs. 
 
ECE metrics development is being led by D. Charlevoix, ECE Director, in conjunction with ECE staff and 
through the guidance of the ECE Advisory Committee. The four areas of focus, described above, are 
diverse and nuanced. Performance metrics presented here are activities conducted and reach of activities. 
Table 4-3 summarizes the number of community engagement events, education, and outreach activities 
supported during the reporting period. Short courses are technical in nature and geared toward 
community and technical stakeholders. Workshops and outreach events include teacher education 
workshops, museum displays, webinars, and presentations given at workshops. ECE supports the 
development of products for education and outreach purposes (linked in Table 4-5). Internship programs 
(such as RESESS) are a substantial effort and the number of programs supported will be identified in the 
quarter the program starts (for 2014, this will be Q3). ECE supports community investigators with their 
broader impacts (BI) and is actively supporting the education and outreach efforts of PI Dr. D.S. Stamps 
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with her NSF funded project EAR-PF: An Investigation of Continental Rift-Parallel Deformation.  
 
Table 4-3. ECE metrics for activities led and products produced by the Education and Community 
Engagement program during the reporting period.  

ECE METRICS: ACTIVITIES (QTY) GAGE Y1Q2 

Short Courses 2 
Workshops and Outreach Events 12 

Education and Outreach Products 11 
Internship Programs 0 
Community Support for Education & Broader Impacts 1 
 
The activities summarized in Table 4-3 impacted a broad spectrum of stakeholders and the general public. 
Table 4-3 summarizes the audiences reached through these activities. The majority of individuals reached 
during this reporting period were a part of the UNAVCO Science Workshop or were visitors to the 
Hatfield Marine Science Center museum display (large event visitors in the table).  
 
Table 4-4. ECE metrics for the number of people reached through the activities identified in Table 4-2, 
organized by audience. Individuals self-identified their status. 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.  

ECE METRICS: REACH (QTY) GAGE Y1Q2 

Researchers + Research Faculty 98 

University + College Faculty 152 

Post-docs 16 

Graduate Students 60 

Undergraduate Students 4 

Public / K-12 Students 69 

K-12 Faculty 29 

Other Professionals 47 

Large Event visitors 37,500 
 
Table 4-5. Products produced by ECE in support of UNAVCO activities.  
Flyer: 2014 Polar Technology Conference, 15-17 April 2014 in Bloomington, Indiana 
EarthScope InSights “Hitting Hot Water with PBO Borehole Strainmeters in the Yellowstone Caldera” 
Winter 2014 
Museum display: “Monitoring a Shifting Earth” at Oregon State University's Hatfield Marine Science 
Visitor Center (HMSC), a Sea Grant Institution 
RESESS Newsletter volume 2 issue 1; January 27, 2014 
Highlights: 
GSAC Software Makes the Grand Tour In Europe 
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Seals, a Lava Lake, and Subglacial Microbes: 2013-2014 Antarctic TLS Highlights, Part 1 
UNAVCO installs COCONet cGPS sites CN04 and CN47 in Saint Lucia 
Maintaining POLENET Sites from the South Pole 
UNAVCO installs COCONet cGPS site CN05 in the Dominican Republic 
Tracking subsidence in Houston 
Repairing GGN site HARV to keep up with calibration of global sea level measurements 
 
Co-PI travel funded by GAGE includes attendance at the January UNAVCO Board of Directors meeting in 
Washington D.C., which included a visit to NSF for meetings with GEO program officers Lina Patino and 
Jill Karsten. A second trip to Washington was in March to participate in the IRIS Education and Public 
Outreach Steering Committee meeting and side-meetings with the IRIS EPO Director and staff to refine 
points of collaboration for the remainder of GAGE year 1. 

 
5. Summary 
 
GAGE Y1Q2 has been busy and productive for furthering integrated activities and strengthened 
management and accounting support for GAGE. Each of the programs has made substantive 
contributions and responsiveness to the community, while advancing organizational goals for hardening 
operations, strengthening management culture, and advancing employee engagement.  


