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Geodesy Advancing Geosciences and EarthScope: 
GAGE Quarterly Project Report 

Y4Q1: 01 October 2016 – 31 December 2016 
 

0. Introduction 
 
In this report, we present the program activities and broader impact for the first quarter of the fourth                  
project year (Y4Q1) for Geodesy Advancing Geosciences and EarthScope: the GAGE Facility , under NSF              
Award EAR-1261833 to UNAVCO. The report includes four sections: (1) UNAVCO Community,            
Governance and Management, (2) Geodetic Infrastructure Program, (3) Geodetic Data Services Program,            
(4) Education and Community Engagement Program, and two Attachments: the Budget and Variance             
Report and Project Concerns. Each section is accompanied by performance metrics that chart the              
contributions and progress of the GAGE Facility. Throughout this report, we differentiate the work of the                
UNAVCO GAGE Facility and its activities from those of the UNAVCO university consortium, which is a                
community of scientists with associated university membership, who participate in governance and            
oversight of the nonprofit corporation UNAVCO. 
 

1. Community, Governance & Management 
 

1.1 THE UNAVCO CONSORTIUM AND COMMUNITY 
 
UNAVCO, a non-profit, university governed consortium, facilitates geoscience research and education           
using geodesy. The consortium membership includes 112 U.S. Academic Members, nearly all of which are               
degree granting institutions that participate in UNAVCO governance and science community. Another 104             
Associate Members include organizations that share UNAVCO’s purpose at home and abroad, giving it              
global reach in advancing geodesy. During the Y4Q1, two organizations finalized their memberships: 

● Smith College (Full Member) 
● University de La Rochelle (Associate Member) 

 
Eight Geodetic Science Snapshots were published this quarter featuring scientific results from community             
work: 

● GPS Measurements of Electron Content in the Ionosphere Track Solar Activity (Hong Kong             
Polytechnic University, Banaras Hindu University) 

● The Rise and Fall of the San Andreas Fault Captured by a Dense Geodetic Network (University of                 
Hawaii at Manoa, University of Washington, University of California, San Diego) 

● GPS Measurements of Bedrock Uplift in Greenland Improve Ice Loss Estimates (Ohio State             
University, University of Luxembourg, University of Bristol, University of Colorado, Cornell           
University, University of Alaska) 

● 2014 South Napa Earthquake Ruptures Surface and Keeps Slipping Long After (U.S. Geological             
Survey, Menlo Park, Jet Propulsion Laboratory, U.S. Geological Survey, Pasadena) 

● GPS Tracks Atmospheric Water Vapor that Fuels Storms (University Corporation for Atmospheric            
Research) 

● Subsiding Atlantic Coast Due to Geologic Adjustment and Groundwater Extraction (University of            
South Florida, University of Rhode Island) 

● Improving Local Tsunami Warnings by Combining Geodetic and Seismic Observations (University           
of California, Berkeley, Universidad de Chile, University of California, San Diego, Ohio State             
University, University of Memphis) 

● Complex Slip Triggered by Complex Geology for 2014 South Napa Earthquake (Massachusetts            
Institute of Technology, Durham University, University of Leeds, University of California,           
Riverside, United States Geological Survey, Menlo Park, Hawaiian Volcano Observatory) 

1 

http://www.unavco.org/science/snapshots/atmosphere/2016/kumar.html
http://www.unavco.org/science/snapshots/solid-earth/2016/howell.html
http://www.unavco.org/science/snapshots/cryosphere/2016/khan.html
http://www.unavco.org/science/snapshots/solid-earth/2016/delong.html
http://www.unavco.org/science/snapshots/atmosphere/2016/radhakrishna.html
http://www.unavco.org/science/snapshots/ocean/2016/karegar.html
http://www.unavco.org/science/snapshots/technology/2016/melgar.html
http://www.unavco.org/science/snapshots/solid-earth/2016/floyd.html


 

 
Highlight - New learning resources on Terrestrial Laser Scanning and Structure from            
Motion  
 
Structure from Motion (SfM) photogrammetry and terrestrial laser scanning (TLS) are two valuable             
geodetic methods for obtaining high resolution topographic data for a wide range of applications from               
hazards assessments to quantifying geomorphic processes. Sometimes the knowledge needed to           
implement the technologies in a formal classroom or informal setting can be a barrier, however. An                
undergraduate teaching module is now available for instructors. The module, Analyzing High Resolution             
Topography with TLS and SfM , has been published (in collaboration with the Science Education Resource               
Center, SERC) as the first part of the GETSI Field Collection (GEodesy Tools for Societal Issues). The                 
module is primarily intended for undergraduate courses with field components, but the methods and data               
processing manuals are also useful for investigators interested in learning more about these tools for               
research. 
 
The core resources for teaching TLS were developed over a number of years through collaboration between                
the faculty of the Indiana University Geologic Field Station and UNAVCO. More recently, in response to                
community requests for field geodesy education support, the materials were expanded to include SfM and               
more geologic applications, in part funded through an NSF-IUSE (Improving Undergraduate STEM            
Education) award. 
 
The curriculum module starts with introductory units for each of the two methods, Unit 1-TLS and Unit                 
1-SfM. These give students the chance to learn the basics of the methods and the output is a point cloud                    
that can be used to generate a high-resolution topographic model. The next three units allow the method/s                 
to be applied to authentic geologic research questions of societal importance – stratigraphic analysis, fault               
scarp analysis, and geomorphic change detection. The final unit gives suggestions on how to assess student                
learning by having them design and execute their own survey. Instructors can choose to use either one or                  
both methods and can use all or a subset of the units. 
 
Each unit contains the teaching resources needed for straightforward implementation – including an             
introductory presentation, method manuals, student exercises, teaching tips, and more. For courses where             
students cannot collect original data, a variety of prepared data sets are also included to support learning                 
the processing. The final version of the module was designed and tested using the protocols established by                 
the NSF-funded InTeGrate (Interdisciplinary Teaching about Earth for a Sustainable Future) and GETSI             
projects, to ensure that the module components are sound and students accomplish the intended learning               
goals. 
 
Twenty-one instructors participated in a short course in August 2016 to learn about teaching with the                
module resources. Using TLS and Structure from Motion (SfM) Photogrammetry in Undergraduate Field             
Education was held at the Indiana University Geologic Field Station. Participants learned the TLS and SfM                
methods and strategies for teaching them effectively. Instructors can request support from UNAVCO for              
teaching with field geodetic methods. Support can range from curriculum advice to equipment and a field                
engineer. Support depends on resource availability and support beyond curricular assistance will usually             
require some funding from the requester. 
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Figure 1-1. This figure from the SfM Guide for Instructors and Investigators depicts various platforms for                
structure from motion, from left to right – unmanned aerial system (UAS), handheld camera, pole,               
balloon. The white squares with black patterns are targets to georeference the survey (K. Shervais,               
UNAVCO). 
 
Community Engagement at the 2016 GSA Annual and AGU Fall Meetings 
 
The annual meetings of the Geological Society of American (GSA) and American Geophysical Union (AGU)               
are an opportunity for UNAVCO to support and interact with the scientific community. UNAVCO              
representation at the GSA annual meeting (which was held early this year, at the very end of Y3Q4, but was                    
not previously reported) in Denver included an exhibit booth staffed by both UNAVCO staff and RESESS                
intern alumni, two at-capacity short courses, ans several community members who received awards:  

● Jerry X. Mitrovica (Harvard University): Elected to Fellowship as the 2015 GSA Day Medal              
recipient 

● Eugene S. Schweig (U.S. Geological Survey) Elected to Fellowship 
● Carol A. Raymond (Jet Propulsion Laboratory, former Board Member) Elected to Fellowship 

 
In addition to engaging community members at the UNAVCO booth in the exhibit hall of the 2016 AGU                  
Fall meeting, UNAVCO assisted with multiple geodesy-focused events. The business meeting was            
conducted and featured Kelly Falkner, the Director of NSF’s Division of Polar Programs, as the guest                
speaker to the membership. It was announced during that meeting that M.M. Miller would become               
president-elect of the AGU Geodesy Section in January 2017. In addition, the Geodesy Section and AGU                
honored UNAVCO community members:  

● Mark Simons of Caltech gave the prestigious Bowie Lecture 
● Ivan I. Mueller Award for Distinguished Service and Leadership, Eric Fielding, JPL and Caltech 
● Geodesy Section Award, Emma Hill, Earth Observatory of Singapore and Nanyang Technological            

University 
● Paul G. Silver Award for Outstanding Scientific Service, Robert Reilinger, MIT 
● Susan Schwartz, University of California, Santa Cruz, AGU Fellow 
● Kelin Wang, Geological Survey of Canada, AGU Fellow 
● Howard Zebker, Stanford University, AGU Fellow 
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1.2 UNAVCO GOVERNANCE AND MANAGEMENT 

 
UNAVCO Governance and Management activities for Y4Q1 included one face -to-face board meeting,            
weekly teleconferences. Staff members represented UNAVCO at meetings and workshops as detailed            
below, including some PI foreign travel. 
 
1.2.1 Governance Activities 
Goverance was active during Y4Q1, with weekly board teleconferences and the regular fall meeting of the                
UNAVCO Board of Directors at UNAVCO Boulder office in October 17 and  18. In addition to the regular                   
business Business Affairs and Financial Oversight and Control Measures, the board focused on planning              
for 2018 and beyond. The board also held regular weekly telecons to guide progress on proposal                
development. The Annual Meeting of the Members was convened on Tuesday, December 13, 2016, during               
the AGU Fall Meeting, where the results of the Board Election were announced. 
 
The Education and Community Engagement Advisory Committee met via teleconference on October 27th.  
 
The UNAVCO WInSAR Executive Committee and full WInSAR consortium membership conducted the            
annual WInSAR business meeting on Wednesday, 14 December 2016, during the AGU Fall Meeting, where               
community business, UNAVCO SAR support, and sponsor opportunities were discussed. 

 
1.2.2 UNAVCO Staff Representation at Meetings and Workshops, PI Foreign Travel 
UNAVCO staff represented community interests and presented facility contributions at a number of             
meetings and workshops. UNAVCO governance and some informational meetings are also included here. 
 

● NSF Community Workshop - Subduction Zone Observatory in Boise, ID September 29 through             

October 1, 2016 attended by D. Charlevoix, G. Mattioli, and M. Miller. M. Miller presented a poster                 

on UNAVCO capabilites for subduction zone observations. Donna Charlevoix’s invited talk           

presented a vision for: Inreach, outreach and upreach: Exploring possibilities for broader impacts             

with a Subduction Zone Observatory. IRIS organized the workshop, which was initiated by a joint               

proposal from the EarthScope National Office (then at ASU), IRIS, and UNAVCO. 

● European Plate Observing System, Implementation Phrase - IT Meeting, Madrid, Spain, October 4             

-7, 2016. Attended by Collin Molnar. 

● Sustainability of EarthScope TA and PBO in AK workshop hosted by the Arctic Research              

Consortium in Washington, DC November 8 through November 10, 2016 attended by K. Feaux              

and invited talk presented by G. Mattioli. 

● National Science Teacher Association 2016 Portland Area Conference, Portland, Oregon,          

November 9-11, 2016. Attended by S. E. Olds. 

● American Indian Science and Engineering Society National Conference, Minneapolis, MN,          

November 10-12, 2016. Attended by A. Morris. 

● Colorado Science Conference, Denver, CO, November 18, 2016. Attended by S. Olds. 

● National Science Teacher Association 2016 Columbus Area Conference, Columbus, Ohio,          

December November 30 - December 2, 2016. Attended by S. E. Olds. 

● The Future of Borehole Strainmeters Workshop hosted by the Carnegie Institution of Science,             

Washington, DC December 5 through December 7, 2016 attended and invited talk presented by G.               

Mattioli 

● AGU Fall Meeting, San Francisco, California, December 12-16 2016. Attended by S. Baker, B.              

Bartel, H. Berglund, F. Blume, F. Boler, C. Crosby, D. Charlevoix, B. Gross, K. Hodgkinson, W.                

Johnson, G. Mattioli, D. Mencin, C. Meertens, M.M. Miller, A. Morris, S. Olds, D. Phillips, B.                

Pratt-Sitaula, C. Puskas, L. Rowan 
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● IGS Governing Board Meeting. Meertens, Boler and Maggert attended the 11 December 2016 morning "IGS               

Open Meeting of Associate Members" and afternoon "IGS Governing Board" meetings held in conjunction              

with Fall 2016 AGU meeting. 

 

1.2.3 Publications, Abstracts, and Other Products Created by UNAVCO Staff 
 
Publications: 

● Bilham, R., H. Ozener, D. Mencin, A. Dogru, S. Ergintav, Z. Cakir, A. Aytun, B. Aktug, O. Yilmaz,                  

W. Johnson, and G. Mattioli, 2016, Surface creep on the North Anatolian Fault at Ismetpasa,               

Turkey, 1944-2016, J. Geophys. Res. Solid Earth , 121, 7409–7431, doi:10.1002/2016JB013394. 

● Herring, T. A., T. I. Melbourne, M. H. Murray, M. A. Floyd, W. M. Szeliga, R. W. King, D. A.                    

Phillips, C. M. Puskas, M. Santillan, and L. Wang, 2016, Plate Boundary Observatory and related               

networks: GPS data analysis methods and geodetic products, Rev. Geophys. , 54,           

doi:10.1002/2016RG000529. 

● Saunders, J.K., D.E. Goldberg, J.S. Haase, D.G. Offield, Y. Bock, D. Melgar, J. Restrepo, R.B.               

Fleischman, A. Nema, J. Geng, C. Walls, D. Mann, and G.S. Mattioli, 2016, Seismogeodesy using               

GPS and low-cost MEMS accelerometers: perspectives for earthquake early warning and rapid            

response, Bulletin of the Seismological Society of America , Vol. 106, No. 6, December 2016, doi:               

10.1785/0120160062. 

● Robert McCaffrey. Robert W. King, Ray E. Wells, Matthew Lancaster, M. Meghan Miller, 2016,              

Contemporary deformation in the Yakima fold and thrust belt estimated with GPS. Geophysical Journal              
International , 207 (1): 1-11.   https://doi.org/10.1093/gji/ggw252 

 
Abstracts and Presentations: 

● Ballmann, J., W. Bohon, and B. Bartel, (2016), Social Media: Gateway to Public Preparedness and               

Understanding of GeoHazards, American Geophysical Union Fall Meeting, San Francisco, CA,           

12-16 December. 

● Bartel, B., and D. Charlevoix (2016), Starting a Conversation: Engaging Scientists with the Public              

through Interactive Activities, American Geophysical Union Fall Meeting, San Francisco, CA,           

12-16 December. 

● Baker, S., C. J. Crosby, C. M. Meertens (2016), Cloud storage and computing resources for the                

UNAVCO SAR Archive, American Geophysical Union Fall Meeting, San Francisco, CA, 12-16            

December, G43A-1037. 

● Crosby, C.J., Arrowsmith, J R., Nandigam, V, (2016), Expanding the Impact of Photogrammetric             

Topography Through Improved Data Archiving and Access, American Geophysical Union Fall           

Meeting, San Francisco, CA, 12-16 December. 

● Hodgkinson, K. M., Mencin, D., Phillips, D., Smith, J., Henderson, D. B., Gottlieb, M., Johnson,               

W., Pyatt, C., Van Boskirk, E., Meertens, C. M., Mattioli, G. S., (2016), PBO Strainmeters: A                

Decade of Open Data Access and Review Of Network Performance, American Geophysical Union             

Fall Meeting, San Francisco, CA, 12-16 December. 

● Johnson, W., Mencin, D., Bilham, R., Gottlieb, M., Van Boskirk, E., Hodgkinson, K. M., Mattioli,               

G. S., Acarel, D., Bulut, F., Bohnhoff, M., Ergintav, S., Ozener, H. (2016), Borehole Strainmeters               

and the monitoring of the North Anatolian Fault in the Marmara Sea, American Geophysical              

Union Fall Meeting, San Francisco, CA, 12-16 December. 

● Meertens, C.M., C.M. Puskas, C. Molnar, and D.A. Phillips, 2016, Analysis of drought-related             

hydrologic loading signals from Plate Boundary Observatory GPS stations in the Sierra Nevada             

Mountains (Invited), Abstract G41C-01 presented a 2016 Fall Meeting, AGU, San Francisco, CA,             

December 12-16, 2016.   
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● Mencin D., (2016), Using borehole strainmeters to quantify solid earth processes: Shallow and             

deep creep events along faults and imaging the Yellowstone Caldera using Lake Yellowstone,             

Invited Colloquia, Clemson University, Clemson, SC, 4 December. 

● Mencin, D., Hodgkinson, K. M., Mattioli, G. S., Johnson W., Gottlieb, M., Meertens, C. M., (2016),                

Shallow and deep creep events observed and quantified with strainmeters along the San Andreas              

Fault near Parkfield, American Geophysical Union Fall Meeting, San Francisco, CA, 12-16            

December. 

● Mencin, D., H. Mora-Páez, R.G. Bilham, G.S. Mattioli, P.C. La Femina, F.A. Audemard, P.H.              

Molnar, and O.J. Perez, 2016, New Velocity field for Northern Colombia and Western Venezuela              

and implications for a great earthquake in the Southwest Caribbean (Invited), Abstract G33A-1077             

presented at 2016 Fall Meeting, AGU, San Francisco, CA, December 12-16, 2016. 

● Mooney, M. E., S. E. Olds, L. E. Dahlman (2016), Merging science, engineering, and data with                

FUN: Recreational Drones in STEaM Education Activities and Science Fair Projects, American            

Geophysical Union Fall Meeting, San Francisco, CA, 12-16 December. 

● Morris, A. R. and D. Charlevoix (2016), Professional Development For Community College            

Faculty: Lessons Learned From Intentional Mentoring Workshops, American Geophysical Union          

Fall Meeting, San Francisco, CA, 12-16 December. 

● Nandigam, V., Crosby, C.J., Arrowsmith, J R., (2016), A community dataspace for distribution and              

processing of "long tail" high resolution topography data, American Geophysical Union Fall            

Meeting, San Francisco, CA, 12-16 December. 

● Olds, S. E. (2016), Using Recreational UAVs (Drones) for STEM Activities and Science Fair              

Projects, National Science Teacher Association 2016 Portland Area Conference, Portland, OR,           

10-12 November. 

● Olds, S. E. (2016), Tectonic Motions of the Western United States, National Science Teacher              

Association 2016 Portland Area Conference, Portland, OR, 10-12 November. 

● Olds, S. E. (2016), Using Recreational UAVs (Drones) for STEM Activities and Science Fair              

Projects, National Science Teacher Association 2016 Columbus Area Conference, Columbus, OH,           

1-3 December. 

● Olds, S., and B. Bartel, (2016), Understanding geodesy and geoscience processes through            

interactive demonstrations for the general public, American Geophysical Union Fall Meeting, San            

Francisco, CA, 12-16 December. 

● Olds, S. E., and P. Lewis (2016), Using UAVs to Conduct Student-led Research Projects, American               

Geophysical Union Fall Meeting, San Francisco, CA, 12-16 December. 

● Olds, S. E. (2016), Tectonic Motions of the Western United States., American Geophysical Union              

Fall Meeting AGU-NESTA Geophysical Information For Teachers (GIFT) Workshop, San          

Francisco, CA, 12-13 December. 

● Pratt-Sitaula, B., B. Walker, B. Douglas, B. Crosby, D. Charlevoix, C. Crosby, and K. Shervais               

(2016), Societal challenges-oriented data-rich undergraduate teaching resources for geoscience         

classrooms and field courses, American Geophysical Union Fall Meeting, San Francisco, CA, 12-16             

December. 

● Pratt-Sitaula, B., K. Shervais, C. Crosby, B. Douglas, B. Crosby, and D. Charlevoix (2016), Teaching               

Structure from Motion Photogrammetry Methods to Undergraduates: New Learning Module for           

Field Geoscience Courses, American Geophysical Union Fall Meeting, San Francisco, CA, 12-16            

December. 
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● Puskas, C.M., D.A. Phillips, C.M. Meertens, T. Herring, Quantifying Station Quality from Residual             

Vertical Motions in the EarthScope Plate Boundary Observatory GPS Network, presented at 2016             

Fall AGU Meeting, San Francisco, CA, 12-16 Dec., Abstract G11A-1063. 

● Stamps, D. S., Saria, E., Jones, J. R., Daniels, M. D. and Mencin D., (2016), Tectono-Magmatic                

Investigations with Societal Implications: Progress on the Tanzania Volcano Observatory,          

American Geophysical Union Fall Meeting, San Francisco, CA, 12-16 December. 

● Zietlow, D., C. Molnar, C. Meertens, D. Phillips, B. Bartel and D. Ertz, (2016), Geodetic Data Via                 

Web Services: Standardizing Access, Expanding Accessibility, and Promoting Discovery, American          

Geophysical Union Fall Meeting, San Francisco, CA, 12-16 December. 
 

1.2.4 GAGE Facility Products 
 

UNAVCO supports community science and education through the development of products available via             
the UNAVCO website and Knowledgebase (Table 1-1). Products are publically available and accessed by              
community members as well as the general public. 

 
Table 1-1. GAGE Facility products. 

GAGE FACILITY PRODUCTS GAGE Y4Q1 

Datasets Published by DOI 144 
Knowledge Base Documents Created 2 
Knowledge Base Documents Updated 13 
Highlights Published 6 
Science Snapshots Published 8 

 
 
UNAVCO Program Highlights are featured on the homepage of the UNAVCO website and provide              
summaries of UNAVCO activities, technology, engineering, education, and support. Six Highlights were            
published during Y4Q1. A short description follows each Highlight title. 

● Data Event Response to the 13 November 2016 M7.8 Kaikoura, New Zealand Earthquake .             
Response to the M7.8 earthquake 7.8 earthquake 53 km NNE of Amberley, New Zealand on               
2016-11-13 

● GPS observations of post-seismic deformation from the 3 Sep 2016, Mw 5.8, Pawnee, Oklahoma,              
earthquake. A collaboration project deploying eight GPS stations around the causative Sooner            
Lake fault, in order to measure the years-long relaxation of the crust. 

● Join UNAVCO at AGU 2016. Information on UNAVCO and community presentations and exhibits. 
● Terrestrial Laser Scanning and Structure from Motion Learning Resources for Students,           

Instructors, and Researchers Field Training teaching model using TLS.  
● Data Event Response to the December 8, 2016 M6.5 Earthquake 160km W of Ferndale, California.               

Response to the M6.5 earthquake 160km west of Ferndale, California on 2016-12-08 
● Data Event Response to the December 14, 2016 M5.0 Earthquake 8km NW of The Geysers,               

California. Response to the M5.0 earthquake 8km NW of The Geysers, California on 2016-12-14. 

 
1.2.5 Broader Impacts for Community, Governance and Management 

 
UNAVCO Websites 
The UNAVCO websites are managed by the Web Team (Web Editor in Chief and Web Administrators),                
Section Editors, and subject matter experts who contribute web content. Content for the main sections of                
the primary UNAVCO website (Community, Projects, Instrumentation, Data, Software, Science, and           
Education) are the responsibility of seven Section Editors. 
 
As part of a Web Integration project, our goal is to retire pbo.unavco.org and facility.unavco.org, once all                 

7 

http://www.unavco.org/highlights/2016/kaikoura.html
http://www.unavco.org/highlights/2016/oklahoma.html
http://www.unavco.org/highlights/2016/oklahoma.html
http://www.unavco.org/highlights/2016/agu.html
http://www.unavco.org/highlights/2016/fieldeducation.html
http://www.unavco.org/highlights/2016/fieldeducation.html
http://www.unavco.org/highlights/2016/ferndale.html
http://www.unavco.org/highlights/2016/geysers.html
http://www.unavco.org/highlights/2016/geysers.html


 

dynamic content and applications have been migrated to www.unavco.org. This ongoing effort entails work              
on back-end information systems that are data sources for web front end applications. In the interim, we                 
utilize URL redirects to pbo.unavco.org in order to bring its content and applications into the               
www.unavco.org namespace in a virtual manner. Due to our Knowledge Base’s migration this year,              
facility.unavco.org remains publicly online, for the next quarter at least, in order to redirect users from the                 
old Knowledge Base URLs to the new www.unavco.org/kb namespace. 
 

We monitor user activity of the new integrated site to measure the usage and understanding of the new                  
information architecture and to track broken links from outside parties. These insights enable us to               
provide iterative improvements to promote better site accessibility for all users. Work continues on              
modernization of the Web Infrastructure, including IT infrastructure, server and application software,            
review of best practices for building and maintaining this infrastructure, standardization, and            
virtualization. 
 
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 1-2A). The GAGE Facility also provides infrastructure and               
maintenance support to websites for the Research Experiences in Solid Earth Science for Students              
(RESESS) and Continuously Operating Caribbean GPS Observational Network (COCONet) programs.          
TABLE 12B shows the activity for individual domains UNAVCO is responsible for maintaining. 
 
Table 1-2A. Quarterly activity for the primary UNAVCO websites. Number of users: quantifies the number               
of different site visitors. Users are those that have had at least one session within the past quarter (includes                   
both new and returning users). Session: the period time a user is actively engaged with our website.                 
Pageviews: the total number of pages viewed; repeated views of a single page are counted. 

 WEBSITE IMPACTS GAGE Y4Q1 

Number of Users 55,017 

Number of Sessions 85,587 

Page Views 210,674 

 

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. 

WEBSITE 
NUMBER OF 

USERS 
NUMBER OF  

SESSIONS 
PAGE VIEWS 

Y4Q1 www.unavco.org 51,647 80,539 199,747 

Y4Q1 pbo.unavco.org 586 1,414 3,611 

Y4Q1 resess.unavco.org 2,106 2,752 5,772 

Y4Q1 coconet.unavco.org 678 882 1,544 
 
UNAVCO Outreach and Broader Impacts 

A new outreach product, the PBO SiteLog , was finalized and sent to a select number of PBO landowners                  
during Y4Q1. UNAVCO’s goal in creating the product is to instill a sense of ownership for landowners,                 
providing them information about the importance of the data and science that flows from the               
instrumentation sited on their land. This four-page glossy mailer has already contributed to achieving this               
goal. This effort was initiated at the request of field engineers who received feedback from landowners to                 
know more about the PBO network and the various instruments. The PBO SiteLog has initiated               
conversations between landowners and the field engineers as well as the Contracts and Permitting              
Manager. Initial feedback has been very positive, with the mailing resulting in renewal of multiple permits                
and further savings due to no-cost extensions. Figure 1-2 is a graphic from the PBO SiteLog that provides                  
fundamental information about how GPS/GNSS works and what it can tell us about Earth.  
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Figure 1-2: Infographic developed for the PBO SiteLog showing the many potential uses of a continuous 

GPS/GNSS station. 

 
Table 1-3. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE). 

OUTREACH: ACTIVITIES (QTY) GAGE Y4Q1 

Short Courses 1 
Education Workshops and Outreach Events 13 
Internship Programs 0 

 

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

OUTREACH: INDIVIDUALS REACHED (QTY) GAGE Y4Q1 

Researchers + Research Faculty 0 
University + College Faculty 46 
Post-docs 3 
Graduate Students 5 
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Undergraduate Students 40 
Public / K-12 Students 119 
K-12 Faculty 192 
Other Professionals 0 
Large Event visitors 7,888 

 
 

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 1,132 station Plate Boundary               
Observatory (PBO) core and affiliated stations, Polar networks in Greenland and Antarctica (GNET and              
ANET, together known as POLENET), COCONet spanning the Caribbean plate and its boundaries, the              
multidisciplinary AfricaArray, and several other smaller continuously observing geodetic networks.          
UNAVCO now supports operations and management (O&M) of more than 900 cGPS stations globally in 63                
different PI networks, an important milestone for Y4Q1. 
 
The GI program 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 are tied to ongoing O&M of the PBO, GGN, and POLENET continuous                   
GPS (cGPS) networks and ongoing support to PI projects, community input informed two key areas for                
enhancement, as delineated in the GAGE proposal: 

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

● Continued evaluation of the 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]. The evaluation and selection of a new UNAVCO GAGE              
Facility preferred vendor for new multi-constellation GNSS instrument was completed during GAGE Y2,             
with new GNSS instruments procured and initially deployed during in Y3. At the close of Y4Q1, ~80 new                  
Septentrio PolaRx5 multi-constellation GNSS instruments have been deployed at PBO stations. 
 
All 100 of the ordered Septentrio PolaRx5 receivers for PBO were received by UNAVCO by the close of                  
GAGE Y3, and were then tested prior to deployment. PBO GPS Operations staff continued implementation               
of the deployment plan, a plan, guided by the GI Advisory Committee and Director that prioritizes                
upgrades for PBO stations that already have broadband GNSS LNA and antenna elements. The goal was to                 
deploy all 100 new instruments by the close of GAGE Y3. As of the time of this Y4Q1 report, 75 instruments                     
are now in service and delivering multi-constellation GNSS data to the UNAVCO archive. A final version of                 
the next major firmware release (v5.1), which incorporates BINEX format with “archival quality data              
streaming,” was delivered to the Development & Testing team in Y3Q4 for evaluation and was released to                 
the community in Y4Q1. Firmware updgrades to deployed PolaRx5 receivers began during Y4Q1. 
 
At the close of Y4Q1, the GI group headcount was 39 with 37.4 FTE, another reduction of 1.0 FTE from                    
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Y3Q4, as a result of a PI Support field engineer voluntarily separating from UNAVCO. The GI Directorate                 
nominally has 2 vacancies for field engineers. At this time, there is no intention to backfill the recent                  
vacancy with a new hire; PI Support tasks have been assigned to the remaining PI Support team.  
 
A summary of the important GI support metrics for Y4Q1  is shown below in Table 2-1.  
 
Table 2-1. Geodetic infrastructure metrics for GAGE. 
GEODETIC INFRASTRUCTURE METRICS: SUMMARY OF KEY METRICS GAGE Y4Q1 

PI Projects & Proposals Supported: NSF-EAR, NSF-Other (Qty) 11 
PI Projects & Proposals Supported: NSF-PLR (Qty) 28 

PI Projects & Proposals Supported: Other Community (Qty) 3 

Permanent Stations Supported: NSF-EAR and Community, PBO and Related (Qty) 2201 

Permanent Stations Supported: NSF-PLR (Qty) 128 

Permanent Stations Supported: NASA GGN (Qty) 59 

PI PROJECTS SUPPORTED (QTY) GAGE Y4Q1 

GPS NSF-EAR 2 

GPS NSF-Other 2 

GPS Other Community 0 

GPS NSF-PLR Arctic 2 

GPS NSF-PLR Antarctic 20 

TLS NSF-EAR 1 

TLS NSF-Other 0 

TLS Other Community 1 

TLS NSF-PLR Arctic 1 

TLS NSF-PLR Antarctic 4 

PI PROPOSALS SUPPORTED (QTY) GAGE Y4Q1 

GPS NSF-EAR 4 

GPS NSF-Other 2 

GPS Other Community 2 

GPS NSF-PLR Arctic 0 

GPS NSF-PLR Antarctic 0 

TLS NSF-EAR 0 

TLS NSF-Other 0 

TLS Other Community 0 

TLS NSF-PLR Arctic 2 

TLS NSF-PLR Antarctic 0 

UNIQUE PI's SUPPORTED (QTY) GAGE Y4Q1 

GPS NSF-EAR: Projects and Proposals 5 

GPS NSF-Other: Projects and Proposals 4 

GPS Other Community: Projects and Proposals 2 

GPS NSF-PLR Arctic: Projects and Proposals 0 

GPS NSF-PLR Antarctic: Projects and Proposals 17 

TLS NSF-EAR: Projects and Proposals 1 

TLS NSF-Other: Projects and Proposals 0 

TLS Other Community: Projects and Proposals 1 

TLS NSF-PLR Arctic: Projects and Proposals 1 

TLS NSF-PLR Antarctic: Projects and Proposals 4 

PERMANENT STATIONS O&M (QTY) GAGE Y4Q1 

GPS NSF-EAR and Community 860 

GPS NSF-PLR Arctic 52 

GPS NSF-PLR Antarctic 76 

GPS NASA GGN 59 
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PBO GPS 1132 

PBO Borehole Seismometers 79 

PBO Borehole Strainmeters 75 

PBO Shallow Borehole Tiltmeters 26 

PBO Pore Pressure Sensors 23 

PBO Long Baseline Laser Strainmeters 6 

POOL EQUIPMENT (QTY & UTILIZATION) GAGE Y4Q1 

GPS NSF-EAR (# Receivers in Pool) 694 

GPS NSF-EAR (Average % Utilization) 82% 

GPS NSF-EAR (Peak % Utilization) 83% 

GPS NSF-PLR Arctic (# Receivers in Pool) 124 

GPS NSF-PLR Arctic (Average % Utilization) 60% 

GPS NSF-PLR Arctic (Peak % Utilization) 68% 

GPS NSF-PLR Antarctic (# Receivers in Pool) 214 

GPS NSF-PLR Antarctic (Average % Utilization) 65% 

GPS NSF-PLR Antarctic (Peak % Utilization) 74% 

GPS Systems Repaired (UNAVCO & Community) 29 

TLS (# Scanners in Pool) 8 

DEVELOPMENT & TESTING (QTY) GAGE Y4Q1 

D&T Projects Worked 10 

D&T Projects Completed 4 

 

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: 

● 1131 permanent GPS/GNSS stations (1,100 PBO core, 31 affiliated) 
● 76 borehole strainmeters (74 PBO core, 1 NSF Continental Dynamics, 1 CO2 Storage ) 
● 79 borehole seismometers (78 PBO core, 1 NSF Continental Dynamics) 
● 23 borehole pore pressure sensors 
● 26 shallow borehole tiltmeters 
● 6 long baseline laser strainmeters 
● 145 meteorological stations (118 core, 27 NOAA) 
● 662 real-time streaming GPS stations (approximate total including ~592 PBO Core/Cascadia, 15 

TLALOCNet, 52 COCONet, 1 in Nepal, 2 in Tanzania) 
 
2.2.1.1 cGNSS Network 
 
During GAGE Y4Q1, the PBO GPS and Related Networks Group completed a number of tasks in support of                  
the primary goal of maintaining the PBO GNSS network at a high level of performance. The work involved                  
upgrading radio networks to provide high-rate, real-time, multi-constellation GNSS capable data streams.            
Engineers also focused on upgrading PBO stations, replacing Trimble NetRS (GPS-only) receivers with             
Septentrio PolaRx5 (multi-constellation GNSS) receivers. Lastly, UNAVCO engineers completed the          
station installation on Scorpion Reef in the Gulf of Mexico, the last scheduled cGPS-Met station in the                 
construction phase of the COCONet project. 
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Figure 2-1. GPS uptime time series for PBO network from April 2009 through December 2016.  
 
Other highlights from the GPS Operations group during GAGE Y4Q1 include: 

● The 1,100 station core PBO GNSS network uptime percentage for the month of December was               
90.7%. For Y4Q1, the mean network uptime percentage was 92.7% and for the project since               
inception is 94.3%. We note that there is now an indication that deferred O&M has started to                 
negatively impact PBO uptime from its peak in 2012 (see Figure 2-1). The GAGE Y4 budget for                 
PBO GNSS Operations was reduced from Y3, so this reduction in uptime may continue through               
GAGE Y4. PBO management will closely monitor this situation during the next quarter. 

● During GAGE Y4Q1, there were 104 PBO GNSS site visits, resolving 256 GNSS maintenance issues               
with 173 engineer days in the field. An additional 18 days of engineer travel was for attendance at                  
required meetings and training. Other PBO GNSS Operations staff travel included activities related             
to TLALOCNet station deployment and maintenance (49 days). 

● Engineers upgraded nearly all of the deployed Septentrio PolaRx5 receivers throughout the            
network. The new firmware enables BINEX (v.5.0.1) data streaming as one of the features,              
allowing integration into the UNAVCO real-time caster. 

● PBO Southwest region staff built two new short drilled braced GNSS monuments, PEA1 and PEA2.               
The stations are located in Central California within 0.7 miles of each other, but on opposite sides                 
of the creeping section of the San Andreas Fault. PEA1 and PEA2 are replacing stations MEE1 and                 
MEE2 which were originally installed by the University of Wisconsin in 2003. The MEE1 and               
MEE2 monuments consisted of compact geodetic antennas on spike mounts. The receivers and             
batteries were buried in an underground vault. Over the years, the power systems at these sites had                 
been upgraded to the PBO standard. The new monuments are within 5 feet of the old monuments. 

● PBO AK staff attended a field recap meeting with IRIS/TA, AVO, and AEC in November, and began                 
planning for possible coordination during the 2017 field season. 

● UNAVCO engineers completed the station installation on Scorpion Reef in the Gulf of Mexico,              
CN26, the last scheduled cGPS-Met station in the construction phase of the COCONet project. 

● TLALOCNet engineers completed reconnaissance activities for three stations in the state of Jalisco,             
Mexico. These three stations are extra TLALOCNet stations which will densify the network to              
better measure slow slip events in Mexico. 
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PBO - GNSS Highlight 
 
In August of 2016, P278 was destroyed by the Chimney wild fire in coastal Central California. The station                  
had been constructed as part of the San Simeon M6.5 December 22, 2003 earthquake response and had                 
been running continuously since January 2004. Logistics for rebuilding the site were challenging because              
site access required a helicopter and the extent of the damage to the station was unknown. Because of the                   
extremely long fire season we weren’t able to charter a helicopter and access the site until November. 
  
The site was in rough shape, with all non-steel parts destroyed. The composite radome on the GNSS                 
antenna was melted into a pile of sludge, cables melted inside conduits, and the solar panels were shattered                  
into tiny pieces. The aluminum equipment enclosure was mostly vaporized and the solar batteries melted.               
The short-drilled braced monument, the enclosure post, and the solar panel brackets survived and thus               
could all be reused. We used the opportunity to upgrade this remote site with a new GNSS antenna and                   
Septentrio PolaRx5 receiver. 
  

 
Figure 2-2a. The GNSS antenna at P278 after the Chimney Fire; clearly a bit worse for wear (Photo: C.                   
Walls/UNAVCO). 
 

  
 Figure 2-2b. P278 after all repairs were completed (Photo: C. Walls/UNAVCO). 
 
2.2.1.2 Borehole Geophysics 
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The Borehole Geophysics group continued to maintain the borehole strainmeter sensors that are part of               
PBO with an operational status of nearly 94% project to date, with an operational status of 91.9% in GAGE                   
Y4Q1. The PBO BSM network continues to function at a very high level. The PBO borehole seismic network                  
also continues to perform above the design metric with 94.2% uptime this quarter. Internal dataflow               
systems continue to be hardened and virtualized. Tiltmeters continue operations above the target uptime              
metric. 
 
Table 2-2. PBO borehole geophysics network uptime over Y4Q1. 

 Borehole Strainmeter Seismic Tiltmeter 

Number of stations 76 79 26 
Uptime Dec. 2016 92.0% 92.2% 79.3% 
Uptime Y4Q1 91.9% 94.2% 88.5% 

 

 

Figure 2-3. PBO seismic network uptime time series from April 2009 through December 2016. 
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Figure 2-4. PBO Borehole strainmeter network uptime time series from April 2009 through December 
2016. 
 

 

Figure 2-5. PBO tiltmeter network uptime time series from July 2012 through December 2016. Tiltmeter 
network status is tracked on a quarterly basis. 
 
Other highlights from the BSM group during GAGE Y4Q1 include: 

● BSM field engineers resolved 49 PBO BSM maintenance issues with 49 field days in Q1Y4.  
● Mick Gladwin of GTSM Technologies visited UNAVCO for a week to run a training class on                
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diagnosing, recertifying, and repairing failed GTSM components. UNAVCO engineers now have           
the capability to recertify components and perform simple repairs. GTSM Technologies is no             
longer performing repairs in Australia, although a former GTSM employee has offered to continue              
to handle more complex repairs for UNAVCO moving forward.  

● The BSM group is working with Mick Gladwin on possible upgrades to the GTSM software               
including real time functionality using rsync and improvements to the GPS timing hardware. 

● Received final shipment of spare parts from GTSM Technologies, as they are ceasing operations. 
● Five of the six GeoGONAF strainmeters are collecting data and have communications installed.             

The remaining site, SIV1, still requires power infrastructure before it can begin recording data. 
● PBO BSM staff presented a poster at AGU about the GeoGONAF strainmeters. 
● The new DOE strainmeter AVN2 in Oklahoma continues to record good quality data, with all four                

channels in compression. 
● Performed cross-training with GI group GPS engineers that included both BSM maintenance and             

Septentrio deployment. 
● Continued efforts to diagnose reparability and improve data quality issues at BSM stations, using              

new techniques proposed by Mick Gladwin. These efforts have helped distinguish completely failed             
channels from channels with reduced amplification that may yet be salvageable.  

 
Planned activities for GAGE Y4Q2 include: 

● Continued efforts to improve data quality at poorly performing BSM sites. 
● Begin process of recertification/repair of GTSM components at UNAVCO. 
● Network-wide change to GTSM settings, Event Mode was deployed to remove offsets caused by              

calibrations should they occur during a geophysical event. 
● Development work on GTSM upgrades for real-time streaming with an external GPS module. 

 
2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego 
 
The PBO Long baseline laser strainmeter (LSM) network operations were affected by multiple issues this               
quarter. Lightning damage, security software issues, failures of “smart” split-unit heat pumps, and laser              
troubles were the most significant problems. Thanks to considerable effort by UCSD personnel, these              
issues were addressed in a timely manner and through numerous site visits. As a result, good overall                 
performance metrics were achieved (Table 2-3), with better overall performance compared to the previous              
quarter. Regional flash flooding events began to occur close to the end of Y4Q1, and related issues are                  
expected. Data processing, products and interpretation are discussed in section 3.3.2. 
 
Table 2-3. LSM instrument performance metrics (percentage of data recorded at each site) this period. 

  
CHL1 

 
CHL2 

 
DHL

1 

 
DHL2 

 
SCS1 

 
SCS2 

 
Network Average 

2016-10 100% 100% 88% 99% 89% 99% 96% 

2016-11 99% 99% 82% 72% 99% 100% 92% 

2016-12 71% 99% 88% 96% 99% 99% 92% 

 
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, for which data return is                    
on a best effort basis. The summary for all PBO sensor types is shown in Table 2-4. The time series for data                      
return percentage during the GAGE period is shown in Figure 2-6. For Y4Q1, all PBO data types met or                   
exceeded the data return target. 
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Table 2-4. PBO network cumulative data return percentage for quarter and since beginning of GAGE . 

 
Period 

 
Target 

 
GPS 

 
Seismic 

Borehole 
Strainmeter 

Laser 
Strainmeter 

 
Tiltmeter 

Pore 
Pressure 

GAGE Y4Q1 85% 94% 98% 98% 99% 85% 95% 

Cumulative 
since 
2013-10 

85% 96% 99% 99% 99% 90% 94% 

 

 

Figure 2-6. PBO network data return percentage from 01 October 2013 through 30 December 2016.  

 

PBO network data return and data quality notes from Y4Q1:  

 
● Borehole Strain. The strainmeter network passed the data quality metrics criteria for GAGE             

Y4Q1: 76% of the network strainmeters are recording compression over the previous 12 months.              
83% were relatively free of problematic steps and 95% recorded a strong M2 tide on two or more                  
gauges. These percentages are similar to previous quarters in GAGE Y1-3. Four BSM sites failed               
the requirement to record teleseismic shear: B006 in the Pacific Northwest, B076 and B078 in               
Parkfield, and B206 in Yellowstone. B206 was offline through GAGE Y4Q1 and this caused failure               
for all data quality metrics at this station. Initial assessment of data quality from the strainmeter                
installed in Oklahoma in September 2016 indicates the strainmeter is performing well. The BSM              
passes all data quality metrics: it has 3 gauges in compression, records an M2 tidal signal and                 
records teleseismic shear. The first month of data did have several steps but this is normal in the                  
weeks after installation. Data collected through November and December of 2016 are relatively             
free of unexplained steps. 

 
● Pore pressure. The Y4Q1 overall pass rate for the data quality metric was 96%, which is similar                 

to previous quarters in GAGE Y1-3. The metric is based on the ability of the sensor to track                  
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barometric pressure signals. Instruments that have failed this metric in previous quarters, B001             
and B082, passed during this period, likely because of the reduction in hydrological pumping              
through the Fall months. B087 continues to fail this metric though the data seem to be of good                  
quality as the sensor does track the M2 Earth tide signal.  

 
● Tilt. The data quality pass rate for the tiltmeters for Y4Q1 was 85%, which maintains the high pass                  

rate observed in Y3Q4. P691, P693 and P698 on Mt St Helens did not return data through Y4Q1.                  
B204, also in Mt St Helens, also failed the data quality metric which is based on the ability of the                    
instrument to track the M2 tide. The site seems very responsive to rainfall which makes it difficult                 
to isolate the tides. 

 
The number and type of data quality metrics vary by data type. The summary for all PBO sensor types is                    
shown in Table 2-5. In GAGE Y4Q1, all PBO data types exceeded data quality metric targets except for LSM                   
because of the issues discussed in section 2.2.1.3. 
 
Table 2-5. Network performance metrics for PBO: data quality. 

PBO NETWORK PERFORMANCE: DATA QUALITY (Pass/Fail) GAGE Y4Q1 

PBO GPS PASS 

PBO Borehole Strainmeters PASS 

PBO Shallow Borehole Tiltmeters PASS 

PBO Pore Pressure Sensors PASS 

PBO Long Baseline Laser Strainmeters FAIL 

 
2.2.1.5 Real-time GPS Network Operations 
 
The average completeness across the UNAVCO RT-GPS network was 82% for Y4Q1, similar to that of                
Y3Q4. The number of sites streamed through the RT system dropped during Y4Q1 as Trimble NetRS                
receivers were replaced by Septentrio PolaRx5 receivers; they were temporarily removed from the system              
as the instrument swaps were done. The new PolaRx5 receivers began to stream again following a firmware                 
upgrade in December 2016 that made real-time BINEX streams available. 
 
Median latencies were very consistent through Y4Q1 and similar to those observed through Y3. 25% of the                 
network consistently returned latencies (time of travel to the Boulder data system) of less than 0.150                
seconds. 75% of the network returned latencies of less than 0.3 seconds, an improvment of 0.05 to 0.1                  
second over Y3Q4. Completeness and latency numbers continue to be poor in the Mendocino region,               
thought to be a result of older communications hardware (Table 2-6, Figure 2-7a and b).  
 
Table 2-6. Real-time GPS network completeness and latency for GAGE Y4Q1. 

Month Number of Sites Network 

Completeness (%) 

Median 

Latency (ms) 

25% 
(ms) 

75% (ms) 

2016-10 659 86 181 143 276 

2016-11 659 85 182 145 267 

2016-12 662 74 188 148 273 

* Latencies are based on sites online during the quarter. 

 

19 



 

 
Figure 2-7a. Real-time GPS latency during GAGE Y4Q1 plotted out to 1000 milliseconds. 
 

 
Figure 2-7b. Real-time GPS median latencies across the western US during GAGE Y4Q1, October 2016 
values. 

20 



 

 

2.2.2 Field Support for the NASA GGN 
 
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 59               
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN) (Figure 2-8). UNAVCO              
staff members monitor station network connections, ship new equipment to local station operators as              
necessary, and construct new permanent sites as directed by JPL. UNAVCO staff work closely with local                
collaborators at each station for the purposes of routine maintenance as well as troubleshooting when data                
flow is interrupted, and also to perform field maintenance and upgrades. 
 
Eighty-nine receivers are monitored in the GGN, as 20 stations have multiple receivers connected to the                
same antenna. Currently, 54 GGN stations are fully operational and provide daily files to the UNAVCO                
archive and NASA CDDIS at Goddard Space Flight Center. The five stations that are currently not                
providing data have experienced long term problems during Y4Q1. Three sites have ongoing problems with               
local internet networks, one site has a broken receiver that is awaiting replacement, and one site has a                  
power supply problem that has been difficult to troubleshoot with local collaborators. 
 

 

Figure 2-8. Operational state of the NASA GGN on January 1, 2017. Green indicates an operational station.                 
All five stations marked in grey have had issues that persisted longer than three weeks. 
 
During GAGE Y4Q1 required no field travel by UNAVCO GGN personnel, as no major station maintenance                
or upgrades were planned for the period.  
 
In November 2016, the GPS receivers at station SANT (Santiago, Chile) lost tracking due to a grass fire                  
which engulfed the antenna monument. The plastic radome, antenna ring mount (made of a composite               
resin material) and cable end were consumed by the fire and the antenna internals destroyed. Fortunately                
the monument and reference mark were undamaged. The locals had another antenna and aluminum ring               
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mount available which were installed shortly after the fire. Their backup antenna was installed only as a                 
temporary measure. It was subsequently replaced in early January 2017 with a new Javad choke-ring that                
was shipped in mid-December 2016. 
 

 
Figure 2-9a. The burned out area surrounding the antenna monument at SANT (Photo: Juan-Carlos Baez). 
 

 
Figure 2-9b. The radome was completely consumed by the fire. The antenna’s internals were completely               
destroyed (Photo: Juan-Carlos Baez). 
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Figure 2-9c. As the ring mount was made of a composite resin material, it, too, was reduced to ashes (a new                     
aluminum unit was installed shortly after). Despite the burn residue the monument and reference mark               
were completely unharmed (Photo: Juan-Carlos Baez). 
 
UNAVCO also acquired five new Septentrio PolaRx5 GNSS receivers, delivered by JPL for deployment at               
selected NASA GGN stations. These receivers are the first set of more than 20 multi-constellation capable                
units that will be deployed in the network during 2017. The GNSS capabilities are fully enabled, and the                  
receivers are able to track all available GNSS signals including GLONASS, Galileo, BeiDou, and QZSS.  
 
One of these receivers was shipped to station CHPI, near Sao Paulo, Brazil. When the new receiver is                  
installed (in Y4Q2 or Y4Q3), the station will also receive upgrades to the meteorological device, the power                 
system, and radio telemetry equipment. UNAVCO worked closely with CHPI local collaborators all quarter,              
to obtain duty-free import licenses for the equipment.  
 
In addition, station ABPO in Madagascar has historically suffered from poor telemetry due to significant               
radio frequency interference. After more than a year’s wait that included communications testing and              
significant customs delays, new radio equipment that operates at higher and less crowded frequencies is               
now installed. There has been a marked improvement in connection reliability; the receiver has since               
malfunctioned, however, and there is currently no dataflow. A new Septentrio PolaRx5 receiver and new               
computer will be shipped in the second quarter to replace the defective and outdated equipment. 
 
Finally, in the past quarter, UNAVCO initiated a new update process for the computer systems deployed in                 
the GGN. The entire network now receives software system and security updates on a bi-monthly basis                
(with half of the network updated one month, and the other half updated in the following month). These                  
updates will now be regularly incorporated into the network maintenance on an ongoing basis.  
 
NASA GGN Performance Metrics for Y4Q1 include Stations Monitored - 59; Receivers Monitored - 89; and                
Troubleshoots – 158. 
 
2.2.3 Polar Projects: POLENET 

POLENET support is a year-round effort for the UNAVCO Polar team. With telemetered cGPS networks in                
Greenland and Antarctica, the cycle of network monitoring, planning, preparation and field work is              
continuous and ongoing. GAGE Y4Q1 GPS network activities for Polar Services were focused on managing               
data flow and QC for both ANET and GNET sites, as well as providing significant support for the Antarctic                   
2016-2017 field maintenance of ANET sites. 
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Figure 2-10. GNET station LYNS in Greenland (Photo: T. Nylen/UNAVCO). 
 
No 2016 GNET field season activities were funded during the period, but data telemetry, management, and                
archiving continued during Y4Q1. UNAVCO has been working with the NSF and other stakeholders to               
develop cost saving strategies that will support continued data flow. As of the end of Y4Q1, 97.6% of the                   
GNET network was telemetering data, which speaks to the resilience of GNET station design (Figure 2-10).                
The lack of targeted GNET maintenance in 2016 did not realize major risk to overall network performance                 
for the year. A longer term lack of routine O&M provides an opportunity to assess the network’s ability to                   
operate under the harsh Greenland conditions with reduced maintenance cycles. Iridium communication            
continues to provide state-of-health on a daily basis for all of the stations. GNET data recovery, measured                 
by data that reaches the UNAVCO archive, is currently at 89.9%. For monthly averages, see Figure 2-11.                 
Overall the network is performing quite well. The stations are at a technically mature state and are proving                  
robust and reliable. A map of the sites making up the Greenland POLENET network can be seen in Figure                   
2-12. The average cumulative GNET data recovery, measured by data that reaches the UNAVCO archive, is                
currently at 90.2%. 
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Figure 2-11. POLENET/GNET network status since inception. Solid red area shows the number of stations               
operating through time (42 at close of Y4Q1). Blue line shows percentage cumulative monthly data return. 
 

 
 Figure 2-12. GNET continuously operating GPS stations in Greenland shown as green dots. 
 
During GAGE Y4Q1, ANET support efforts focused extensively on field maintenance as well as on data                
retrieval and archiving. The ANET field team entered Antarctica by aircraft via Chile, staging out of the                 
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Antarctic Logistics and Expeditions, LLC (ALE) camp at Union Glacier. A contract with ALE provides a                
logistical hub in far West Antarctica from which to access GPS sites on that side of the continent. An                   
ill-timed airport strike in Chile challenged the plan, but timely resolution allowed the team to deploy                
without significant delay. Weather from Union Glacier proved to be very good, and significant gains in the                 
field plan were made very early in the season. Currently 95.6% of ANET is telemetering data to UNAVCO.                  
Built-in failover systems have proven effective in boosting data return rates, as the POLENET systems are                
designed with restart protocols that initiate after 30 days of no contact. While the severe Antarctic                
environment is particularly hard on the ANET installations, most data outages are related to satellite               
communications rather than station hardware failures, and the sites not telemetering data are often still               
operational and logging data. Missing data are either telemetered later (after collection) or downloaded              
manually during Austral summer site visits. The current number of core ANET sites is 45. UNAVCO and                 
the ANET PI team will decommission three sites this year, as the project aligns with a refined science                  
focus. 
 

  
Figure 2-13. ANET site BERP receives maintenance (Photo: N. Bayou/UNAVCO). 
 
LARISSA (LARson Ice Shelf System), a sister network to POLENET, operating on the Antarctic Peninsula,               
maintains 10 additional cGPS stations. The LARISSA award has expired, and a plan is currently being                
formulated to decommission one site located on the western side of the Antarctic Peninsula and to visit one                  
other at Hugo Island. The sites on the eastern and western sides of the peninsula will remain operational in                   
the near term, pending the development of a continuation plan. 
 
The average cumulative ANET data recovery, measured by data that reaches the UNAVCO archive, is               
currently 88.7% and varies monthly (Figure 2-14). Figure 2-15 shows the locations of the ANET network                
sites. 
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Figure 2-14. POLENET/ANET network status since inception. Solid red area shows the number of stations               
operating through time (45 at close of Y4Q1). Blue line shows monthly data return percentage. 
 
 

 
Figure 2-15. Locations of ANET (green) and LARISSA (orange) continuously operating GPS stations in              
Antarctica. ANET sites to be decommissioned during the 2016-2017 field season are shown as red dots. 
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GNET Stations receiving field maintenance visits during GAGE Y4Q1: 0 
ANET Stations receiving field maintenance visits during GAGE Y4Q1: 11 
 
2.2.4 Network Engineering Support for Other Community GPS Networks 
 
UNAVCO provides operations and management (O&M) support at various levels to PI cGPS networks.              
GAGE Y4Q1 activities included support to 860 cGPS stations in 60 different networks installed in support                
of various PI projects. This number has dropped since GAGE Y3Q4 because we have retired a number of                  
stations that have not produced any data in the past 2 years. During Y4Q1, however, 20 new stations have                   
been added. Many of the 860 cGPS stations continue to operate well beyond the original award period.                 
O&M support includes data download, state-of-health monitoring and reporting, resolving          
communications and equipment issues, shipping replacement equipment as needed, and working with PIs             
and local contacts to resolve problems. UNAVCO, working closely with PIs and their collaborators,              
provides this cGPS O&M support at three levels: 
 

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

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

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

 

The performance of each network varies greatly and primarily has to do with the method of data delivery                  
and funding status or local support of the cGPS network. Networks with stations that are online, with data                  
downloaded and archived by UNAVCO, and serviced by engaged local collaborators, typically show a              
higher data return than those that are manually downloaded. Networks with GPS receivers that are online                
typically return some or all data within the reporting period, typically in the 75 -100% range. In contrast,                 
networks that are in remote areas, not online, and are only downloaded infrequently, yield lower               
percentage or no recent data returned for any particular quarter.  

 

2.3 PI PROJECT SUPPORT 

 
2.3.1 EAR PI GPS Project Engineering and Equipment Support 
 
UNAVCO provides state-of-the-art GNSS equipment and engineering services to PI projects. This includes             
project management (for both GNSS and TLS projects), planning, installation, operations and            
maintenance of continuous, permanent GPS/GNSS station networks around the globe. Engineers and            
technicians also undertake technology development, testing, and systems integration to support new            
project demands. 
 
2.3.1.1 GPS PI Project Support 
 
In GAGE Y4Q1, four PI projects (2 NSF-EAR, 2 NSF-Other, and 0 Community) were supported by                
UNAVCO. Staff were involved in proposal development, project planning, network design, monument            
design, equipment preparation and installation, and establishing real-time data flow. In addition,            
UNAVCO supported 8 new PI proposals (4 NSF-EAR, 2 NSF-Other, and 2 Community).  
 
One highlight for this quarter was the NSF-EAR: RAPID funded project: “GNSS observations of              
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post-seismic deformation from the 3 Sep 2016, Mw 5.8, Pawnee, Oklahoma, earthquake” that UNAVCO              
engineer Keith Williams supported. This project came about quickly after the 3 September 2016, Mw 5.8,                
Pawnee, Oklahoma, earthquake. It is collaboration between the University of Memphis, University of             
Oklahoma (OU), and Oklahoma Geological Survey (OGS). The project deployed eight GNSS stations             
around the causative Sooner Lake fault, in order to measure postseismic deformation (years-long             
relaxation) of the crust after the September 2016 earthquake. All eight cGNSS stations are online and                
downloaded on an hourly basis. 
 

 
Figure 2-16. GNSS station OK08, the last of eight cGNSS stations installed by UNAVCO over a three day                  
period following the 3 September 2016, Mw 5.8, Pawnee, Oklahoma, earthquake in collaboration with the               
University of Memphis, University of Oklahoma (OU), and Oklahoma Geological Survey (OGS) (Photo: K.              
Williams/UNAVCO). 
 
2.3.1.2 EAR GPS/GNSS Instrument Pool 
 
The GAGE Facility receiver pool consists of 694 GPS or GPS/GNSS capable receivers (Figure 2-17). The                
receiver pool consists of Trimble NetR9, NetRS and R7, Topcon GB1000, and Septentrio PolaRx5 and               
APS-RTK systems purchased by UNAVCO for use as both campaign instruments, project loans and to               
support specific NSF-EAR projects deployed in semi-permanent installations. GAGE Y4Q1 saw a continued             
high level of use of the UNAVCO receiver pool with an average of 82% and a peak of 83% (Figure 2-18). 

 

 

Figure 2-17. UNAVCO NSF-EAR receiver pool inventory from 1 October 2003 through 31 December 2016. 
The metric reflects the number of receiver pool instruments. Note: the drop in the number of units in 2006 
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is due the NSF-PLR pool no longer being included in this metric. 
 

 

Figure 2-18. UNAVCO NSF-EAR receiver pool utilization from 1 October 2003 through 31 December 2016.               
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. 
 
2.3.1.3 GPS Instrument Repairs 
 
The GAGE Facility continues to be an authorized Trimble repair facility for the UNAVCO community.               
Since the introduction of the Trimble NetRS and now up to the recent release of Trimble’s latest GNSS                  
product, the NetR9, the UNAVCO community has purchased thousands of receivers through the UNAVCO              
Community instrument purchase program. As part of this program, new receivers come with a five year                
warranty and the stipulation that repairs are handled by UNAVCO. This arrangement has brought the costs                
down for equipment purchases and further enables GPS instruments to be used for longer periods of time.                 
During Y4Q1, UNAVCO processed 29 Return Merchandise Authorizations (RMAs). This includes repairs            
for GPS receivers, antennas, and surface meteorological packages. The repairs ranged from handling RMA              
submissions to vendors to board level repairs. An offsite contractor, managed by UNAVCO staff, is               
currently providing this PI support service. In addition, UNAVCO provides office support to collaborators              
who perform repairs to PI equipment in remote locations. These repairs usually consist of flashcard               
replacement in NetRS receivers and repairs or upgrades to antenna LNAs. 
 
2.3.2 Polar Services 
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Figure 2-19. Field Engineer Thomas Nylen services the GPS reference station atop Mt Coates, Antarctica 
(Photo: J. Pettit/UNAVCO). 
 
UNAVCO supports diverse science in the polar regions, including geodesy, geology, glaciology,            
volcanology, and work at the ocean-ice interface. PI support can require extensive field work, particularly               
in Antarctica, where travel and experiment logistics are challenging (Figure 2-19). The Polar Services FTE               
count is currently six, with five engineers and one project manager. This is a reduction of one FTE from a                    
year ago. All current team members provide direct support of fielded projects and participate in various                
stages of project planning and preparation for the polar project loads. Planning and support activities for                
the Arctic and Antarctic are ongoing year round, currently with significant overlap. In addition to network                
monitoring, UNAVCO engineers provided support to three Arctic PI projects in GAGE Y4Q1 as we closed                
out the season in the north. In total, 3 Arctic projects received some level of UNAVCO support this quarter.                   
While the Antarctic field season provided support for 24 projects in GAGE Y4Q1, including 4 geodetic                
imaging projects. UNAVCO provides year round support to ANET and LARISSA, located on the Antarctic               
Peninsula, which includes both field and data management work. Access to the Antarctic Peninsula is               
viable almost continuously, so it is possible to work with PI projects in this region at almost any time. Early                    
project starts are now more common for both the Arctic and the Antarctic. As projects grow larger, longer,                  
and more complex, the Polar team at UNAVCO spends more time working on preparation and PI planning                 
for both hemispheres year round. 
 
Terrestrial Laser Scanning (TLS) support is provided to PI teams in the Arctic and Antarctic. UNAVCO                
engineers deploy both a longer-range Riegl VZ-2000 and a shorter-range VZ-400 scanner for polar field               
applications. This suite of scanners enables a broad range of uses, including small scale volumetric               
estimates and surface change detection. Geodetic imaging has proven to be an important part of the core                 
technical support offered by UNAVCO in the Arctic and the Antarctic. While Terrestrial Laser Scanning               
(TLS) has been the primary vehicle for this work, GAGE Y4Q1 marked the first time that UNAVCO has                  
introduced Structure from Motion (SfM), using a small aerial UAV platform (Figure 2-20). The work took                
place in two locations within the McMurdo Dry Valleys: the lower Taylor Valley, and the Howchin Valley.                 
The data products from such missions include high resolution geo-referenced imagery, high resolution             
point clouds, and surface terrain models. In one case, these data will be used to quantify the size and                   
distribution of cryoconite communities on sections of the Canada glacier. Each mission was flown by a                
trained pilot (B. Hodge) and a visual observer (S. Niebuhr). Highly successful and complementary to TLS                
support, The SfM technique can create cost effective digital elevation maps products for PLR PIs.  
  

 
Figure 2-20. Structure from Motion using a small UAV platform on the Canada Glacier, Antarctica (Photo: 
S. Niebuhr/UNAVCO). 
 
Antarctic support requires UNAVCO engineers to travel to remote locations across the Antarctic continent.              
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Roughly 6,000 pounds of cargo was prepped and shipped to McMurdo Station and UNION Glacier for the                 
current field season. 
 
UNAVCO monitors and maintains several non-POLENET GPS networks in the Arctic and Antarctic, and              
also maintains GPS reference stations and forward-deployed equipment at multiple locations. In the             
Arctic, these stations are at Barrow, Atqasuk, Toolik camps in Alaska and Summit Station in Greenland. In                 
Antarctica, these are at three continuously operated US research stations: McMurdo Station, Palmer             
Station and the Amundsen-Scott South Pole Station. These stations are used by as many as fifteen                
additional science teams each year. Currently, there are 124 GPS receivers in the Arctic pool and 214                 
systems in the Antarctic pool. Many of these are deployed year round in support of continuous stations in                  
Greenland and Antarctica. 
 
Polar Services manager provided supporting documents, including budgets and letters of support to 2 PIs               
submitting to the NSF solicitation for Arctic and Antarctic research opportunities, as well as to NASA                
solicitations. 
 
2.3.3 Geodetic Imaging (TLS) 
 
Geodetic Imaging (TLS) activities during GAGE Y4Q1 included engineering support for PI projects,             
planning support for PI proposals, education and outreach, resource development, and facilitation of the              
acquisition of a new laser scanning instrument in support of a Polar PI project. Geodetic Imaging in the GI                   
program is staffed at 0.25 FTE at the Project Manager II level, plus 0.5 FTE of a Technician I (GAGE                    
supplemental funds, with work currently performed by a FE 1). Field engineering support from the PI                
Projects groups varies as a function of TLS field project demand. In GAGE Y4Q1, a total of 9 TLS projects                    
and proposals (1 NSF EAR, 7 NSF PLR, 1 Other Community) were supported by the Geodetic Imaging                 
project (Figure 2-21). 
 

 

Figure 2-21. Number of TLS projects and proposals supported by UNAVCO through 31 December 2016.               
Note: this plot shows the number of projects per award year (which ends in September); the current award                  
year (2017) is only partial, through December 2016.  

 
To meet the needs of a diversifying TLS user community, UNAVCO is actively developing training               
resources and documentation to support Earth science TLS users. The TLS Knowledgebase provides             
resources with a focus on software tutorials and training. 
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During GAGE Y4Q1, the Geodetic Imaging group worked with the Polar group to acquire a new laser                 
scanner (Riegl VZ-6000) to support the needs of a PI recently funded by the NSF. The Riegl VZ-6000 is a                    
long range, near IR scanner designed for snow and ice scanning. The instrument is presently fielded in                 
support of the PI’s project in Barrow, AK, and will be integrated into the UNAVCO TLS instrument pool                  
upon completion of the project in summer 2017. Other activities included maintenance and upkeep of the                
TLS instrument pool.  
 
During the AGU 2016 fall meeting, Crosby, the Geodetic Imaging project manager, assisted with the               
“Hooking undergraduates into geophysics data and methods (GPS, Lidar, InSAR, SfM photogrammetry)            
through societally important issues” short course on the Sunday before the meeting. Crosby presented              
lectures on lidar and SfM techniques, and experiences using these techniques in field education settings. 
 

2.4 DEVELOPMENT AND TESTING 
 
The GAGE Facility Development and Testing (D&T) team is staffed by 2.8 FTE at the Project Manager III                  
and Engineer III levels, and incorporates the PBO BSM and GNSS testing efforts. Ad hoc contributions to                 
individual D&T projects from other UNAVCO groups have been critical to the effort, with individuals               
participating in projects of direct interest to their operational needs. The ongoing development of teqc               
software and implementation of receiver- and server-based real-time GPS positioning capabilities in close             
collaboration with GDS are important ongoing projects undertaken by D&T staff. Under guidance from the               
Development and Testing Product Council, the group’s activities continue to be oriented toward four              
important strategic goals: 1) development of battery monitoring tools, which can help realize economy and               
efficiency of field operations; 2) evaluation of cellular data communications systems suitable for use              
anywhere in the world; and 3) evaluation of real-time positioning methods, both receiver- and              
server-based, for use in earthquake early detection and other geohazard monitoring applications, and 4)              
review and and improvement of GNSS receiver firmware and capabilities in collaboration with Septentrio              
and Trimble. 
 
The D&T group continues to lead the effort of integrating the new PolaRx5 GNSS receiver into UNAVCO’s                 
cGNSS networks. As we continue to collaborate with Septentrio on the prioritization and implementation              
of new features to the receiver’s firmware and configuration software, PolaRx5 receivers are now being               
routinely installed at PBO stations by field staff. Seventy-nine PolaRx5 receivers have been installed at               
PBO stations with an additional five at community-operated stations to date, with only two failures having                
been reported early in the process.  
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Figure 2-22. CONUS distribution of Septentrio PolaRx5 receivers, with new release firmware 5.1.0 in              
green, and older version 5.0.x in red. Remote upgrades are in progress. 
 
New PolaRx5 firmware, version 5.1.0 with BINEX data logging capability, archival quality streaming             
(based on the linux “rsync” utility), onboard PPP positioning and other critical features was released at the                 
end of Y4Q1, and field deployment of this version at PBO stations has begun. This version is the result of                    
extensive collaboration between the UNAVCO D&T group and Septentrio; indeed the majority of D&T’s              
effort in Y4Q1 was devoted to testing and refining the PolaRx5 BINEX compatibility with our current                
real-time data system, and the performance of the onboard PPP capability. Trimble also released two               
versions of NetR9 firmware during the quarter. The first, 5.15, was quickly tested and approved as it                 
contained a small number of changes that were of little interest to the UNAVCO community. The second,                 
5.20, arrived late in the quarter and contained many important fixes. Testing is ongoing with UNAVCO                
approval and release scheduled for early Y4Q2. 
 
Three rounds of testing of the PolaRx5 onboard PPP positioning capability on UNAVCO’s developmental              
shaketable showed increasingly better results as Septentrio refined the algorithm in response to test              
results. Critical improvements were made to their Kalman filtering that greatly improved the response to               
fling-step movements in the released version. The response to a 1 Hz sinusoid is shown in figure 2-23a,                  
with the differences to the ground truth in 2-23b. The Trimble RTX system shown in the plot for                  
comparison has been extensively tested and is widely deployed in Earthquake Early Warning (EEW)              
worldwide. The Septentrio system has compared favorably and is also suitable for widespread use. 
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Figure 2-23a. 3-component real-time PPP displacements output from Septentrio PolaRx5 receivers (red            
and teal) vs. Trimble RTX (green) and the true position of the UNAVCO shake table for an input 1 HZ                    
sinusoid (blue). Receiver SEP2 used onboard multipath mitigation while SEP3 did not. 

 

Figure 2-23b. Differences between the positions from the 3 receivers and the true position of the shake                 
table. The PolaRx5 receivers compared favorably with the established Trimble RTX system and is              
considered suitable for deployment in EEW systems. 
 
The D&T Performance Metric for Y4Q1 included ten Development and Testing Projects worked upon, with               
four completed. 
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2.5 GI PROGRAM SUMMARY 
 
This has been another busy quarter for the GI program. UNAVCO has now received 100 of the 100                  
production Septentrio PolaRx5 instruments for PBO, completed a rigorous pre-deployment testing regime            
for all of these instruments, and deployed 79 to date. The final release of a major update to the PolaRx5                    
firmware (v.5.0.1) was released and uploaded to deployed instruments in GAGE Y4Q1. This new firmware               
will allow BINEX streaming and full integration into the UNAVCO RT-GNSS system. Data flow and data                
product generation are now fully implemented for 5 of 6 GeoGONAF BSM stations in Turkey. One station                 
still needs power infrastructure to allow completion of the network. COCONet and TLALOCNet             
construction is essentially complete with the one remaining station in CCN completed in Y4Q1, with two                
TLALOCNet stations installed in Y4Q1, and one additional station (above the originally planned 37 for a                
total 40) to be installed in TLALOCNet during GAGE Y4Q2. A request to support COCONet Operations &                 
Maintenance as part of GAGE was approved by NSF-EAR during Y3Q3, but was declined by DACS and                 
withdrawn. UNAVCO intends to submit a new proposal during GAGE Y4Q2 to obtain necessary bridging               
funds for continued operation of COCONet through the close of GAGE. At the close of Y4Q1, the GI group                   
headcount was 39 with 37.4 FTE, down an additional 1.0 FTE relative to GAGE Y3Q4, with the loss of                   
another PI Support engineer who voluntarily separated from UNAVCO. We do not anticipate hiring a               
replacement engineer at this time because of GAGE Y4 budget constraints. 
 
 

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 high rate data streaming in real time (RT-GPS)),               
borehole geophysics instrumentation (strainmeters, tiltmeters, seismometers, accelerometers, 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 by              
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 work, GDS maintains a highly specialized 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. During Y4Q1, one GDS staff member left the              
organization: Colin Molnar, Software Engineer. Steve Smith, a former Systems Administrator was            
rehired as Lead after several years at University of Michigan. 
 
Some highlights of activities for the GAGE Y4Q1 quarter include: 

● The GAGE GPS analysis manuscript that has long been in preparation was published in the peer                
review journal Reviews of Geophysics this quarter. Citation: “Herring, T. A., T. I. Melbourne, M. H.                
Murray, M. A. Floyd, W. M. Szeliga, R. W. King, D. A. Phillips, C. M. Puskas, M. Santillan, and L.                    
Wang (2016), Plate Boundary Observatory and related networks: GPS data analysis methods and             
geodetic products, Rev. Geophys., 54 , doi:10.1002/2016RG000529.” 

● The total volume of data archived this quarter, 7.5 TB, was 0.2 TB greater than last quarter. The                  
total volume of data archived (all sensors) is now over 233 TB (including 9.8 TB of ALS data                  
archived at OpenTopography/NCALM). 

● The total volume of data delivered to users this quarter, 15.0 TB, was 1 TB less than last quarter.                   
The total volume of data delivered (all sensors) is now over 374 TB (including 16 TB of ALS data                   
delivered via OpenTopography prior to GAGE). As was the case last quarter, the volume of               
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deliveries this quarter was artificially low (probably by several TBs) due to issues with tracking               
RT-GPS metrics.  

● This quarter, the monthly average of unique users across all datasets was an unprecedented high of                
16,253. This was due to an extremely high number of unique, unresolved IPs picking up high-rate                
GPS data during both October and November (with ~20,000 IP’s in those months compared to               
fewer than 100 in most typical months, and a Y4Q1 monthly average of 15,701 for high-rate GPS).                 
Each IP only accounted for a few files and tiny volumes. The largest volume delivered went to the                  
usual data centers (USGS, JPL, CU, and others). On the other hand, as for last quarter, the number                  
of RT-GPS users is artificially low due to ongoing problems with collecting RT-GPS metrics. 

● Eight custom requests for high-rate GPS data downloads were supported this period, including             
three event responses for earthquakes in California and Nevada.  

● Six fully processed high-rate (1 Hz) borehole strainmeter data sets were generated in response to               
earthquakes in Oklahoma, New Zealand, Japan, California and Nevada. 

● A total of 1,869 GPS stations were processed by the GAGE GPS Analysis Centers (ACs) and                
Analysis Center Coordinator (ACC) this quarter. Three new GPS stations were added to the              
analysis stream this period. 

● An updated "Final" PBO Velocity Field solution was released on 2016-12-30. It includes GPS data               
from GPS week 0834 (Jan-01-1996) to week 1925 (Dec-03-2016). This is the updated complete              
analysis of the full velocity field generated from SINEX files (i.e., incorporating full variance              
covariance matrices and allowing re-alignment of the reference frame for the velocity field). 

● A face-to-face operations meeting for UNAVCO and AC/ACC personnel took place during the 2016              
Fall AGU meeting in San Francisco, CA. 

● A meeting of the borehole geophysics data products ad hoc working group took place during the                
2016 Fall AGU meeting in San Francisco, CA. 

● Ten GPS campaigns and 19 TLS campaigns were archived this period. 

● Analysis of the data collected by the strainmeter installed in Oklahoma during September 2016 has               
passed the data quality standards applied to PBO strainmeters. 

● Twenty-nine GPS stations were added for archiving this quarter from Antarctica, COCONet, IGS,             
Oklahoma, Pacaya Volcano, PBO, Puerto Rico, and Tanzania Volcano Observatory networks. 

● Configuration of previously acquired Oracle Storage Area Network hardware with a capacity of 80              
TB, to be used for the long-term storage of archived GPS/GNSS data, was completed. 

● Software development activities related to the deployment of the Septentrio PolaRx5 receiver that             
were reported previous quarters have been for the most part completed, with additional attention              
being required only occasionally. 

● Software staff completed all of the data handling steps needed to support RINEX 3 SBF format file                 
production for the Septentrio receivers, a task that was in progress last quarter. RINEX 3 is now                 
routinely made available for all PBO sites with Septentrio receivers. 

● The major push toward migration of the Archive database from the Oracle database engine to a                
Postgres database engine was initiated this quarter. 

● With the publication of the Herring et al. Reviews of Geophysics paper, a set of GAGE products                 
was identified and targeted for assignment of Digital Object Identifiers. This was the first case               
where UNAVCO has minted DOIs for GPS/GNSS products. Some customization of archiving            
procedures was accomplished to support the special release of products and product DOIs. 

● A new version of teqc software was released in early November. There was also an increase in the                  
number of teqc software downloads compared to recent quarters, with Y4Q1 having the greatest              
number of downloads since Y1Q2, but this increase did not correlate with the new version release. 

● The archived volume for high-rate GPS data for the quarter again set a record at 2.70 TB,                 
exceeding (by 0.23 Tb) the previous record quarterly total (Y3Q4). For Y4Q1, new 1 Hz continuous                
data and multiple events that triggered special high-rate data collection contributed to the volume              
archived. 
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● Delivery of products, at 1.70 TB, was quite high compared to recent quarters. 

● Forty-four new users requested access to RT-GPS data streams in Y4Q1 bringing the total number               
of registered RT-GPS users to 636, an increase of 7%, as for Y3Q4. The largest growth in user                  
numbers was in the Commercial group (24), compared to 7 and 1 in the Academic and Government                 
categories, respectively. 

● There was an approximate twofold increase in the volume of BSM data and product deliveries this                
quarter. The specific cause is unknown but could be related to event responses and/or new station                
availability. 

● Problems with the PIVOT software led to deactivation of RT-GPS data usage tracking. For this               
reason, RT-GPS and overall data volume and user metrics are artificially low this quarter by               
significant amounts, and will continue to be artificially low until this issue is resolved. 

● The volume of SAR data archived and delivered continued to stabilize this quarter, following the               
surges reported in previous quarters associated with ALOS2 and TSX data. 

● A new EarthCube Building Blocks project, “Deploying MultiFacility Cyberinfrastructure in          
Commercial and Private Cloud-based Systems (GeoSciCloud)” that UNAVCO is undertaking jointly           
with IRIS, was initiated this quarter. 

● In an effort to standardize web services and user presentation, the software team refactored the               
existing time series web services for GPS station positions, pore pressure, tilt and velocity. A new                
hydrological loading service was also developed. These services have been implemented on a new              
open source web server and use a common set of parameters and outputs. The GPS station                
position service was tested and deployed to production. 

● A new phone system was successfully installed at the Boulder facility in Y4Q1. The new system is                 
IP based, allowing use of existing ethernet connectivity and eliminating the need for extra wiring to                
support the phones. 

● Four new rack servers were installed in the data center this quarter. The plan is to move most                  
production applications to these new servers and to use the older servers for development              
purposes. 

● UNAVCO GI asked the IT group to investigate any changes that might have caused an increase in                 
cell usage recently. GDS investigated, and discovered that IP filtering had been removed from              
certain field installations; this allowed network prowlers to gain access to the Internet. GI field               
teams quickly re-enabled filtering on the affected stations. 

● Initial GPS metrics were added to the automated metrics system this quarter. Automated metrics              
for other data types are mostly complete, with final nuances being sorted out. 

 

GDS data metrics are summarized below in Tables 3-1 and 3-2.  
 
Table 3-1. Geodetic Data Services metrics for GAGE facility. 
GEODETIC DATA METRICS: SUMMARY OF KEY METRICS GAGE Y4Q1 

Campaigns Archived - All Sensors (Qty) 29 

Permanent Stations Archived - All Sensors (Qty) 3,042 

Data Volume Archived - All Products (GB) 7,523 

Data Volume Delivered - All Products (GB) 14,997 

PBO Data Volume Archived - All Products (GB) 4,206 

PBO Data Volume Delivered - All Products (GB) 8,184 

CAMPAIGNS ARCHIVED (QTY) GAGE Y4Q1 

GPS 10 

TLS 19 

PERMANENT STATIONS ARCHIVED (QTY) GAGE Y4Q1 

GPS - All sample rates and delivery methods 2,817 

GPS High Rate (1-Hz and Higher) 1,068 

Delivered via Stream 589 
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Delivered via Download, Continuous 163 

Delivered via Download, Intermittent 337 

Seismic 83 

BSM 87 

Tilt 26 

Pore Pressure 23 

LSM 6 

TOTAL STATIONS W/ DATA MAINTAINED IN ARCHIVE (QTY) GAGE Y4Q1 

GPS - All Stations with Data 13,181 

GPS - All Campaigns with Data 1,017 

GPS - All Permanent Stations with Data 3,370 

Seismic 84 

BSM 88 

Tilt 27 

Pore Pressure 23 

LSM 7 

DATA VOLUME ARCHIVED (GB) GAGE Y4Q1 

GPS - All sample rates and delivery methods 4,829 

GPS Standard Rate 1,376 

GPS High Rate 2,704 

GPS Data Products (Level 2 and higher) 749 

Seismic 224 

BSM Raw Data 99 

BSM Data Products 3.5 

Tilt 1 

Pore Pressure 2 

LSM Raw Data 3 

LSM Data Products 0.1 
SAR 2,228 

TLS 136 

DATA VOLUME DELIVERED (GB) GAGE Y4Q1 

GPS - All sample rates and delivery methods 9,817 

GPS Standard Rate 5,775 

GPS High Rate 2,344 

GPS Data Products (Level 2 and higher) 1,698 

GPS Real Time Streams n/a 

Seismic 1,336 

BSM Raw Data 176 

BSM Data Products 290 

Tilt 3.7 

Pore Pressure 92 

LSM Raw Data 0.22 

LSM Data Products 0.1 
SAR 3,266 

TLS 16 

DATA USERS (MONTHLY AVERAGE, QTY) GAGE Y4Q1 

GPS Standard Rate (unique IP's) 1,863 

GPS High Rate (unique IP's) 13,682 

GPS Data Products (unique IP's) 156 

GPS Real Time Streams (active registered users) n/a 

Seismic (2nd level domains) 125 

BSM Raw Data (2nd level domains) 37 
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BSM Data Products (2nd level domains) 48 

Tilt (2nd level domains) 7 

Pore Pressure (2nd level domains) 36 

LSM Raw Data (2nd level domains) 7 

LSM Data Products (2nd level domains) 7 

ALS (unique users reported by OpenTopography) 196 

SAR (active registered users) 23 

TLS (unique IP's) 3 

CUSTOM HIGH RATE GPS DATA REQUESTS THIS PERIOD (QTY) GAGE Y4Q1 

Event response 3 

Total 8 

NSF & NASA COMMUNITY SOFTWARE (QTY) GAGE Y4Q1 

TEQC downloads 14,905 

TEQC information requests 200 

ISCE downloads 276 

 
Table 3-2. Geodetic Data Services metrics for PBO network. 

PBO DATA VOLUME ARCHIVED (GB) GAGE Y4Q1 

PBO GPS 3,886 

PBO GPS Standard Rate 605 

PBO GPS High Rate 2,532 

PBO GPS Data Products (Level 2 and higher) 749 

PBO Seismic 216 

PBO BSM Raw Data 95 

PBO BSM Data Products (Level 2 and higher) 3.5 

PBO Tilt 1 

PBO Pore Pressure 2 

PBO LSM 3 

PBO LSM Data Products (Level 2 and higher) 0.1 

PBO DATA VOLUME DELIVERED (GB) GAGE Y4Q1 

PBO GPS 6,333 

PBO GPS Standard Rate 2,291 

PBO GPS High Rate 2,344 

PBO GPS Data Products (Level 2 and higher) 1,698 

PBO GPS Real Time Streams n/a 

PBO Seismic 1,293 

PBO BSM Raw Data 170 

PBO BSM Data Products (Level 2 and higher) 289 

PBO Met 3.0 

PBO Tilt 3.7 

PBO Pore Pressure 92 

PBO LSM Raw Data 0.2 

PBO LSM Data Products (Level 2 and higher) 0.14 
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Figure 3-1. Cumulative total volume of UNAVCO 
data archived from 01 January 2004 through 31 
December 2016. More than 234 TB of data have 
been archived including >7 TB in Y4Q1 and >137 
TB since the beginning of GAGE. 

Figure 3-2. Cumulative total volume of UNAVCO 
data delivered from 01 January 2004 through 31 
December 2016. More than 374 TB of data have 
been delivered including >15 TB in Y4Q1 and >241 
TB since the beginning of GAGE. 

 

 

Figure 3-3A. Number of UNAVCO data users by quarter from 01 January 2009 through 31 December 2016,                 
including 16,523+ users this quarter. The method of counting users varies by data product, for example by                 
unique IP address, second level domain or unique authentication. Values in this figure are consistent with                
the user count method given in the Data Users section of Table 3-1. Note 1: the number of RT-GPS users is                     
artificially low in Y4Q1 due to issues that prevented tracking of RT-GPS metrics. Note 2: there was an                  
extremely high number of unique, unresolved IPs picking up high-rate GPS data during both October and                
November (with ~20,000 IP’s in those months compared to fewer than 100 in most typical months, and a                  
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Y4Q1 monthly average of 15,701). Each IP only accounted for a few files and tiny volumes. The major                  
volume delivered went to the usual data centers (USGS, JPL, CU, and others). 
 

 

Figure 3-3B. Number of non-GPS data users (by second level domain or unique authentication) from 01                
October 2013 through 31 December 2016, including 822+ users this quarter. This is a subset of the total                  
data users shown in Figure 3-3A. 
 

3.2 DATA OPERATIONS AND MANAGEMENT  
 
3.2.1 Network Data Flow 
 
Network data flow includes data and metadata management from the field to the Boulder operations               
center, a critical activity in support of data archiving and distribution (for related performance metrics, see                
Table 3-1). Staff with responsibilities for data and metadata flow focus on timely handling of operational                
flow and handled issues as they arose.  
 

3.2.2 Campaign Data Flow 
 
Ten GPS campaigns and 19 TLS campaigns were archived this period (Table 3-1). Archiving has been                
initiated for another eighteen GPS campaigns; these remain incomplete due to missing data or              
documentation from the contributors. 
 

3.3 DATA PRODUCTS 
 
3.3.1 GPS/GNSS Data Processing and Products 
 
The GAGE GPS Analysis Centers (ACs) and Analysis Center Coordinator (ACC) processed data and              
provided products this quarter from 1,869 GPS stations in the PBO, COCONet, GAMA and SCIGN               
networks as well as NGS CORS and other regional stations in central and eastern North America. Three                 
new GPS stations were added to the processing stream this period. Routine data processing and product                
operations were stable. Regular monthly analysis operations conference calls were attended by UNAVCO             
and AC/ACC personnel, and an extended face-to-face operations meeting took place during the 2016 Fall               
AGU meeting in San Francisco, CA.  
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The GAGE GPS analysis manuscript that has been in preparation over the past year was published in the                  
peer review journal Reviews of Geophysics  this quarter. The citation is: 
 

● Herring, T. A., T. I. Melbourne, M. H. Murray, M. A. Floyd, W. M. Szeliga, R. W. King, D. A.                    
Phillips, C. M. Puskas, M. Santillan, and L. Wang (2016), Plate Boundary Observatory and related               
networks: GPS data analysis methods and geodetic products, Rev. Geophys., 54 ,           
doi:10.1002/2016RG000529. 

 
An updated "Final" PBO Velocity Field solution was released on 2016-12-30. It includes GPS data from                
GPS week 0834 (Jan-01- 1996) to week 1925 (Dec-03-2016). This is the updated complete analysis of the                 
full PBO velocity field generated from SINEX files (i.e., incorporating full variance covariance matrices and               
allowing re-alignment of the reference frame for the velocity field). 
 
High-rate (1Hz and 5 Hz) GPS data were provided in response to events and custom requests described in                 
section 3.3.1.5. New and updated resources were added to the GPS data products web page, the GAGE GPS                  
AC Products Log, and the Google+ web page focusing on GAGE GPS data products. 
 
3.3.1.1 GPS Analysis Center Subaward: Central Washington University 
 
● Generation of rapid and final products was stable with no delays or issues. 

● Metadata updates were made and receiver issues were resolved. 

● Several new stations were added to the processing stream. 

● Hardware was stable and no software upgrades were performed. 

● T. Melbourne and W. Szeliga contributed significantly to final development of the processing paper 
draft and participated in all conference calls associated with this work. 

● T. Melbourne attended the AC/ACC operations meeting in San Francisco, CA in December. W. Szeliga 
participated remotely. 

 
3.3.1.2 GPS Analysis Center Subaward: New Mexico Tech 
 
● Generation of rapid and final products was stable with no delays or issues. 

● Metadata updates were made and receiver issues were resolved. 

● Several new stations were added to the processing stream. 

● Updated GAMIT/GLOBK analysis package version 10.6 tables for reassignment of PRN 4 to SVN 34. 

● Continued testing GAMIT/GLOBK processing software and AC operation scripts on an 8-cpu Virtual             
Machine (VM) at the UNAVCO Facility. This VM will provide minimal but sufficient capabilities to               
perform the routine processing required by the AC. The VM will be used when the primary AC                 
processing cluster is moved to the Facility in Y4Q2 (estimated) in anticipation of the next               
computer-intensive reprocessing in Y4 to incorporate new ITRF2014 models. 

● M. Murray contributed significantly to final development of the processing paper draft and             
participated in all conference calls associated with this work. 

● M. Murray attended the AC/ACC operations meeting in San Francisco, CA in December. 
 
3.3.1.3 GPS Analysis Center Coordinator Subaward: Massachusetts Institute of Technology 
 
Level 2 Products.  Routine combination of final and rapid level 2a products was stable, including 12- and 
26-week supplemental solutions. During this quarter 1,869 sites were processed (compared to 1,919 last              
quarter; even though stations were added this quarter the total number is lower because some stations                
were offline/unreachable or not processed for various reasons). Statistics reported cover the period from 
15 September 2016 to 17 December 2016. 
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Analysis of Final Products. For the three months of the final position time series generated by NMT, CWU                  
and combination of the two, MIT fit linear trends and annual signals and compute the RMS scatters of the                   
position residuals in north, east and up for each site in the analysis. The median horizontal RMS scatter is                   
1.0 mm or less for all centers, and as low as 0.8 mm for the NMT north and PBO east components. The                      
vertical RMS scatter is less than or equal to 5.8 mm and as low as 4.6 mm. Seasonal changes in                    
atmospheric delay properties will introduce small variations in these values from quarter to quarter, with               
this quarter being slightly worse than last quarter. In the NAM08 frame realization, scale changes are not                 
estimated. 
 
Snapshot Velocity Field Analysis. MIT generates monthly and quarterly “snapshot” velocity fields in the              
NAM08 reference frame based on the time series analysis of all data processed to that time. These are                  
distributed as official products from the UNAVCO website in the form of snapshot fields (SNAPS) and the                 
significant updates to the standard PBO velocity file (SNIPS file) in standard PBO velocity field format.                
There are 2,209 stations in the combined PBO solution, which is 7 more stations than last quarter. Offsets                  
are estimated for antenna changes and earthquakes. Annual signals are estimated and for some              
earthquakes, logarithmic post seismic signals are also estimated. A direct comparison of the NMT and CWU               
solutions shows the weighted root  mean square (WRMS) difference between the two velocity fields is 0.08                
mm/yr horizontal and 0.73 mm/yr vertical in direct difference of all sites within 0.5 meters of each other.                  
Detailed presentation and discussion of these and other statistics are provided in the full MIT quarterly                
report available from the UNAVCO website. 
 
Earthquake Analyses. The NEIC catalog was used to search for earthquakes that could cause coseismic               
offsets. Twenty-three earthquakes in the period from 2016-09-01 to 2016-12-17 were analyzed. The M5.0              
earthquake 8km NW of The Geysers on 2016-12-14 affected P203 with coseismic displacements of N 4.61                
+- 0.73 mm, E -5.88 +- 0.79 mm, U 0.23 +- 2.53 mm from the Kalman filter processing. WLS estimates are                     
similar. None of the other earthquakes generated any measurable co-seismic offsets. 
 
T. Herring and M. Floyd contributed significantly to final development of the processing paper draft and 
participated in all conference calls associated with this work. T. Herring and M. Floyd attended the 
AC/ACC operations meeting in San Francisco, CA in December. 
 
3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of 
Technology 
 
There was no additional work this quarter on GAMIT modifications for GNSS. MIT personnel updated the                
software to support seven additional ground antennas and continued regular updates to the tables for               
ground and SV antennas (ANTEX), differential code biases (DCBs), mapping functions (VMF1), and             
atmospheric loading required by GAMIT users. MIT continued to spend 5-10 hours per week in email                
support of GAMIT/GLOBK users. During this quarter MIT issued 13 royalty-free licenses to educational              
and research institutions. R. King contributed significantly to final development of the processing paper              
draft and participated in all conference calls associated with this work. R. King attended the AC/ACC                
operations meeting in San Francisco, CA in December. 
 
3.3.1.5 Custom GPS Data Product Requests 
 
UNAVCO supported eight PI custom requests for high-rate (1Hz or greater) GPS data downloads this               
period. Three of these were event responses related to the following earthquakes: 

● 2016-12-08, M6.5 - 160km W of Ferndale, California (December 08, 2016) 
● 2016-12-14, M5.0 - 8km NW of The Geysers, California (December 14, 2016) 
● 2016-12-28, M5.7 - 29km WSW of Hawthorne, Nevada (December 28, 2016) 

 
Non-event requests were related to airborne lidar surveys, including projects flown by NCALM, as well as                
survey projects conducted by Caltrans, USACE-CRREL and commercial groups. 
 
3.3.2 Strain, Seismic and Tiltmeter Data Processing and Products 
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UNAVCO processes data and provides products for borehole strainmeters, seismometers and tiltmeters in             
the PBO network. Routine data processing and product operations were stable this period. Six fully               
processed high rate (1 Hz) borehole strainmeter data sets were generated this period for the following                
earthquakes, with these data being made available within 72 hours of the event and posted on the                 
Geophysical Event page. 

● 2016-11-07, M5.0 - 2km W of Cushing, Oklahoma (November 07, 2016) 
● 2016-11-13, M7.8 - 53km NNE of Amberley, New Zealand (November 13, 2016) 
● 2016-11-21, M6.9 - 37km ESE of Namie, Japan (November 21, 2016) 
● 2016-12-08, M6.5 - 160km W of Ferndale, California (December 08, 2016) 
● 2016-12-14, M5.0 - 8km NW of The Geysers, California (December 14, 2016) 
● 2016-12-28, M5.7 - 29km WSW of Hawthorne, Nevada (December 28, 2016) 

 
Analysis of the data collected by the strainmeter installed in Oklahoma in September 2016 shows that it                 
has passed the data quality standards applied to other PBO strainmeters. Three months after installation               
the instrument is recording compression, records a tidal signal and shear strains from teleseismic events.               
Release of level 2 data for this site is anticipated for January 2017. 
 

Full data archiving was initiated for three more strainmeters installed in Turkey: ESN1, BOZ1 and BUY1.                
These data are now available to the community in bottle, SEED and ASCII formats. The data can be                  
accessed through UNAVCO’s main strainmeter data web-page and from the IRIS DMC. The data from               
these sites are now included in the high-rate processed special event earthquake data sets. Level 2 data sets                  
will be released for these instrument in Y4Q2. 
 
UCSD, under a subaward managed by UNAVCO, processes data and provides products from the long               
baseline laser strainmeter (LSM) network described in section 2.2.1.3. Routine data acquisition, editing,             
and archiving operations were good this period, although the key overall data quality metric did not pass                 
this quarter do to the reported GI issues issues (mean % data edited out of time series ("bad" data) for                    
network was 5.8% instead of <5.0%). As for last quarter, records from the PBO strainmeters for swarms of                  
tremors in the fault zones beyond the southernmost terminus of the San Andreas fault were of interest to                  
the southern California earthquake hazards and research communities. The first of these occurred on 31               
October 2016, approximately equal distance (30 km) from the pair of strainmeters at Salton City, and the                 
those at Durmid Hill. The second swarm, with a peak event of M 3.9, occurred on 31 December 2016, near                    
Brawley, CA, considerably farther south. In both cases the high-sensitivity recordings showed that the rate               
of deformation on the San Andreas (at Durmid Hill) was unaltered at the time of the events. 
 
3.3.3 Meteorological and Hydrologic Data Products 
 
Meteorological data are collected together with GPS/GNSS and other geophysical data in order to enhance               
the datasets, improve network monitoring, and provide additional information for interpretation of            
deformation signals. Temperature, humidity and barometric pressure data collected at GPS stations are             
available directly from the GPS RINEX files. Routine product operations were stable. Development of              
documentation and metrics for new precise hydrologic loading data products continued this quarter, based              
on NLDAS and GLDAS.  
 
3.3.4 Lidar – Terrestrial and Airborne Laser Scanning 
 
UNAVCO provides TLS data services and products including basic data processing, data management and              
data archiving. The standard UNAVCO TLS deliverable is a merged, aligned, georeferenced point cloud,              
which is accompanied by pertinent metadata products such as site photos, meteorological information,             
field notes and other ancillary project information. TLS data support is further described in section 3.4.4,                
lidar data management and archiving. EarthScope ALS data products are supported by OpenTopography;             
metrics are reported to UNAVCO. No new ALS data product activities have been performed to date under                 
the GAGE Cooperative Agreement. 
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3.4 DATA MANAGEMENT AND ARCHIVING 
 
3.4.1 GPS/GNSS 
 
The Data Center provides a secure long term archive for data, data products, and metadata from GNSS                 
instrumentation, and makes data available to the scientific community and the public. User interfaces,              
APIs (application program interface), and software tools that facilitate data search and access, data              
handling, and visualization are provided to support full utilization of the data assets. Data publication with                
digital object identifiers (DOIs) is routine for most data sets. 
 
Data archiving and distribution is an operational activity that continues to grow, with a total of 29 stations                  
added for archiving from the Antarctica Infrastructure, Antarctica Erebus, Antarctica PI Continuous,            
COCONet, IGS, Oklahoma Deformation, Pacaya Volcano, PBO, Puerto Rico, and Tanzania Volcano            
Observatory networks. 
  
Configuration of previously acquired Oracle Storage Area Network hardware with a capacity of 80 TB was                
completed, and will be used for the long-term storage of archived GPS/GNSS data. Initial copies of the                 
current archive were completed and the system is now in use for long-term storage. 
  
Software development activities related to the deployment of the Septentrio PolaRx5 receiver that were              
reported previous quarters have been completed for the most part, with additional attention only              
occasionally required. The building of translators for BINEX to RINEX 3 and BINEX to RTCM3 continue,                
with code development in progress. 

  
Software staff completed workflow for translating Septentrio SBF format files to RINEX 3, a task that was                 
progress last quarter and is now in production. Because Septentrio’s executable is available for a small set                 
of operating systems, UNAVCO archive operations has developed a custom dataflow option to convert              
Septentrio SBF data to RINEX 3 (that operates in parallel with the RINEX 2 translation). RINEX 3 is now                   
routinely available for all PBO sites with Septentrio receivers. 
  
As part of our support to the IGS, we provide data flow and RINEX upload services to the CDDIS archive                    
for approximately 40 stations. The new data upload procedures described last quarter were successfully              
put into production this quarter. The changes at CDDIS necessitated a separate independent action on our                
part to mirror IGS data from the IGN, rather than from CDDIS for our local mirror of part of the IGS                     
network; once IGN is able to upload to CDDIS using the new procedures, we will revert to mirroring the                   
entire network from CDDIS. 
  
This quarter began a major push toward migration of the Archive database from the Oracle engine to a                  
Postgres database engine, including weekly progress meetings. Research has been completed on tools that              
may prove useful during migration; a number of configuration and tuning issues have been investigated               
and a virtual machine has been set up for migration tasks and testing. A full database schema of tables was                    
successfully installed on the test system, including the spatial PostGIS capability, and was partially loaded               
with content from the production system. A number of issues were encountered in migration with data                
types and a small percentage of data records; also, specialized objects such as materialized views, views,                
sequences and stored procedures have not yet been migrated to the test system. Problems with the data                 
records have been fixed within Oracle. About a dozen tables and/or views have been retired as part of this                   
process. There is a large collection of code that interacts with the database and that has Oracle-specific                 
constructs that will need to be addressed. We have identified the Oracle-specific SQL that we have                
employed in the archiving Perl scripts and have begun the code changes to (in most cases) use SQL that is                    
compatible with both systems, which will allow for straightforward migration of that codebase. In some               
cases the SQL that will work in Postgres has no direct Oracle equivalent so workaround code is being                  
developed. The software changes that will be required for the multiple web tools and APIs that access the                  
archive database have not yet been started. 
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With the publication of the Herring et al. Reviews of Geophysics paper on GAGE processing, a set of GAGE                   
products was identified and targeted for assignment of Digital Object Identifiers. This was the first case                
where UNAVCO has minted DOIs for GPS/GNSS products. Some customization of archiving procedures             
was accomplished to support the special release products and product DOIs. 
  
Development of UNAVCO teqc software for GNSS data preprocessing this quarter included further             
incorporation of dynamic memory management in areas of the code where this has not previously been                
available. Code supporting GLONASS orbit interpolation was refactored. A new version of teqc             
incorporating these changes was released in early November. 
  
The metrics in Table 3-1 document the data volumes archived and delivered. Metrics notes for Y4Q1: 

● The archived volume for high-rate GPS data for the quarter again set a record at 2.703 TB,                 
exceeding (by 0.233 Tb) the previous record quarterly total (Y3Q4). For the current quarter, both               
new 1 Hz continuous data and multiple events that triggered special high-rate data collection              
contributed to the volume archived. 

● The delivered volume of high-rate data was somewhat high at 2.34 TB. Remarkably, there was an                
extremely high number of unique, unresolved IPs picking up high-rate data during both October              
and November (around 20,000 IPs compared to fewer than 100 in most typical months). Each IP                
only accounted for a few files and tiny volumes. Most of the volume delivered went to the usual                  
data centers (USGS, JPL, CU, and others). 

● The volume of data products archived was 0.75 TB, similar to the last three quarters. This volume                 
represents the baseline level of products archiving, with no added reprocessing included. Delivery             
of products, at 1.70 TB, was quite high compared to recent quarters. The volume of products                
delivered and composition of customer IPs noted each month remains variable. 

● 1.37 TB of standard rate GPS data were archived for Y4Q1, a slight drop from the previous quarter.  

● The delivered volume of standard rate data was 5.78 TB, an increase from last quarter but lower                 
than earlier in Y3.  

● During the GAGE award through Y3Q4 the monthly standard rate delivery volume has averaged              
2.15 TB, whereas this quarter’s monthly average of 1.93 TB was slightly lower than typical. A                
specific cause of this decrease has not been identified. 

● The number of active GPS stations with data delivered via stream was lower than last quarter                
because Septentrio receivers installed at existing RT sites in Y4Q1 could not stream BINEX at the                
time of installation, so they were temporarily removed from the RT network. Hence the drop in                
number. Towards the end of December 2016 a receiver firmware upgrade allowed BINEX             
streaming and stations were added back in. The number of stations will be fully restored in Y4Q2. 

● There was an increase in the number of teqc software downloads compared to recent quarters,               
with Y4Q1 having the greatest number of downloads since Y1Q2. This increase does not correlate               
with the new version release described above. 

 
3.4.2 Real-time GPS Data Flow and Management 
 
UNAVCO provided high rate (1 Hz), low latency (<1 s) GPS data streams (RT-GPS) from approximately                
662 stations including 592 PBO (Core and Cascadia), 15 TLALOCNet, 52 COCONet, 1 in Nepal and two in                  
Tanzania. Forty-four new users requested access to the data streams in Y4Q1 bringing the total number of                 
registered RT-GPS users to 636 (Figure 3-4), an increase of 7% which is the same as Y3Q4. The largest                   
growth in user numbers was in the Commercial group (24), compared to 7 and 1 in the Academic and                   
Government categories respectively. Figure 3-5 shows the percentage of registered data users in terms of               
user group. Commercial users form the largest group (61%) followed by Academic (22%) and then               
Government (17%).  
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Figure 3-4. Number of registered RT-GPS users through GAGE. 

 

 
Figure 3-5. Number of registered RT-GPS data users by type in Y4Q1. 
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3.4.3 Strain, Seismic, Tilt, Pore Pressure Data 
 
Metrics for data archiving and delivery volumes this period, as well as unique users, are summarized in 
Table 3-1. There was an increase in the volume of BSM data and products delivered this quarter. 
Otherwise, there were no unusual trends in strain, seismic, tilt or pore pressure data metrics compared to 
recent quarters. 
 
3.4.4 Lidar – Terrestrial and Airborne Laser Scanning Data 
 
Data from TLS PI projects continue to be archived as projects are completed, with approximately 136 GB of                  
TLS data added this quarter. Approximately 16 GB of data were downloaded from the TLS archive by 9                  
unique users in Y4Q1. 
 
The new archive software development effort continued in Y4Q1 with progress on a web-based tutorial for                
users new to the data archive and improvements made to the archive GUI (Graphical User Interface) for                 
data queries. In an effort to align the TLS data archive with UNAVCO best practices, we are maintaining an                   
offsite backup of the TLS archive using Amazon’s Glacier cloud storage service. 
 
Another area of focus for TLS data support is improved access to software required by community                
members to process and analyze TLS data. Data Engineer M. Okal, with support from UNAVCO System                
Administrators, maintains a software license server and is working to improve documentation on accessing              
and using these software packages. Available software includes three seats for Leica Cyclone, 20 seats for                
Riegl’s RiScan Pro and 10 seats for RiSolve, ten seats for Blue Marble’s Geographic Calculator, 10 seats for                  
ArcGIS, three seats for Quick Terrain Modeler, 10 seats for Polyworks, and five seats for Trimble Business                 
Center. During this period, two software maintenance package were updated. 
 
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by               
OpenTopography this quarter indicate 196 unique users accessed point cloud and raster terrain products,              
running 365 jobs to gain that access. 
 
3.4.5 SAR Data 
 
UNAVCO manages two tasks in support of SAR Data: the archive and GEO SuperSites. 
 
3.4.5.1 SAR Archive 
 
UNAVCO has managed the SAR Archive since 2005. Under the GAGE award, UNAVCO orders European               
Space Agency (ESA) and DLR scenes in response to WInSAR user requests. In addition, the WInSAR                
Executive Committee and UNAVCO arranged for a tasking quota with DLR for use by WInSAR. WInSAR                
users request tasking orders for the TerraSARX mission on a regular basis. UNAVCO archives WInSAR               
community TSX and ALOS2 data in the UNAVCO SAR Archive. UNAVCO also manages access to the ISCE                 
SAR data processing software package for all members of the WInSAR Consortium. WInSAR scenes from               
ESA are available without cost under their EarthScope inspired open data policy. TSX and ALOS-2 data                
access is restricted to CoPIs associated with a specific science proposal approved by DLR or JAXA,                
respectively.  
 
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware, database,            
software, and web presence. Data ingest capabilities have been developed to allow UNAVCO to host data                
from newer satellite platforms such as COSMO-SkyMed, ALOS-2, RADARSAT-2, and Sentinel, which            
WInSAR community users are beginning to utilize. Search and discovery for these hosted data is possible                
through the UNAVCO SAR Archive GUI and API interfaces. Access to data from COSMO-SkyMed,              
RADARSAT-2, ALOS-1/ALOS-2, and TSX are restricted to collaborators on proposals, and the WInSAR             
Portal interface permits role-based access to groups of users. 
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ESA is the primary archive for ERS1, ERS2, and Envisat, while the Alaska Satellite Facility (ASF) is                 
primary archive for RADARSAT-1. For all data not archived in ESA’s Archive4 system or at ASF, UNAVCO                 
is now providing data backup to Backblaze B2, a commercial cloud storage system. This ensures a complete                 
offsite backup of the full UNAVCO SAR archive while minimizing redundancy, beyond the initial              
duplication. 
 
During Y4Q1, work began on the migration of SAR data operations to the Texas Advanced Computing                
Center (TACC), part of XSEDE. A startup allocation was approved for using the wrangler storage system as                 
well as the Jetstream science cloud. Migration of the database, data delivery, and other data operations to                 
the TACC are underway. 
 
SAR data metrics are shown in Table 3-1. The volume of SAR data archived in Y4Q1 was was similar to last                     
quarter (~2 TB). The volume of SAR data delivered in Y4Q1 (3.3 TB) was lower than last quarter (5.1TB)                   
but not atypical compared to previous quarters. 
 
3.4.5.2 GEO SuperSites 
 
For the GEO Supersites and Natural Laboratories initiative, UNAVCO provides data ordering from the              
European Space Agency, together with data management, including 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 some website content management and             
hosting for the Supersites but it is the intention to migrate all content to the new GEO website over the                    
coming quarters. 
 
As noted above, UNAVCO now supports TSX, COSMO-SkyMed, RADARSAT-2, and ALOS-2 data collected             
under the Supersites initiative. COSMO-SkyMed data for the Hawaii and Ecuador permanent Supersites is              
archived and distributed as part of the SAR archive and the volume is included as part of Table 3-1. For                    
these datasets, the list of PIs with access to the data include international collaborators as well as WInSAR                  
community members. To address this expanded community of users and associated access constraints,             
we’ve made several modifications to the WInSAR Portal system to allow registration by international              
partners. 
 
Through recently completed NASA ROSES ACCESS funded work to develop a Seamless SAR Archive              
(SSARA), UNAVCO staff members have engaged in joint planning with the European SAR community              
(DLR, ESA, CEOS, etc.) for 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. Federated query of Supersites SAR data (ESA’s Virtual              
Archive 4 and DLR’s TerraSARX Archive) along with data archived at the Alaska Satellite Facility and                
UNAVCO is now available due to SSARA efforts. 
 
The archive now supports user controlled DOI assignment for products uploaded to the InSAR archive at                
UNAVCO. InSAR products are uploaded via the API, and users are now able to request a DOI from                  
UNAVCO, making the products persistent and citable. 
 

3.5 CYBERINFRASTRUCTURE 
 
Several projects are in progress to expand the cyberinfrastructure capabilities of UNAVCO GDS. We are               
collaborating on a NCAR-led EarthCube Building Blocks award “Enabling Scientific Collaboration and            
Discovery through Semantic Connections” (EarthCollab) based on the Cornell  developed “VIVO” semantic            
web ontology and web presentation software. This quarter a new EarthCube Building Blocks project was               
initiated in collaboration with IRIS, “Deploying MultiFacility Cyberinfrastructure in Commercial and           
Private Cloud-based Systems (GeoSciCloud)” that UNAVCO. 
  

One of the tasks for the first year of the GeoSciCloud project is to deploy the GPS/GNSS archive database                   
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on Amazon’s AWS cloud. Dovetailing with the previously described Postgres migration project (section             
3.4.1), an Amazon AWS virtual machine running Postgres was provisioned and a test version of the                
database schema and contents was loaded. Some initial performance tests were completed. 
  

Improvements to the build process for the GSAC software system are underway that will better take                
advantage of the latest Java version, and will simplify the steps that institutions installing GSAC will need                 
to follow. Issues with the map layer are also being addressed. The new code will incorporate use of                  
configuration files for customization of the web interface; the need to rebuild the code for customization is                 
being removed. 
  

Multiple requests have come forward from COCONet and TLALOCNet data centers for incorporating met              
file handling as part of Dataworks. Changes to the Dataworks code to accomplish this are very close to                  
release. 
  

As part of the EarthCollab project, development is close to completion for the GPS/GNSS DOI API that is                  
needed. While working to create this API, much of the underlying DOI search and minting management                
has been refactored and now incorporates newer database integration technology. 
 
Software that archives accelerometer data at the IRIS Data Center is currently running on older, unstable                
hardware that is now having performance issues. New hardware that will improve performance is currently               
being tested, and the archive migration is planned Y4Q2.  
 
In an effort to standardize web services and user presentation, the software team refactored the existing                
time series web services for GPS station positions, pore pressure, tilt and velocity. A new hydrological                
loading service was also developed. These services have been implemented on a new open source web                
server and use a common set of parameters and outputs. The GPS station position service was tested and                  
deployed to production. The remaining services have been deployed to a test environment and should be                
deployed to production in January 2017.  
 
UNAVCO is participating in a NASA Earth Science Data System Working Group that is proposing changes                
to the Open Geospatial Consortium TimeseriesML specification. During Y4Q1, UNAVCO proposed changes            
that could provide a method for creating a less verbose means of providing GPS position data in XML. This                   
would provide another output format, to be made available through the existing GPS position web service.                
UNAVCO is also investigating the use of the current specification as a means to combine station event and                  
metadata modification information within the same time series response. This would eliminate the need to               
make multiple web service calls for different types of information that might have impact on the time series                  
data.  
 

3.6 Internal Computing Initiatives and Support 
 
3.6.1 IT Highlights 
 
The version of VMWare used by UNAVCO at the start of Y4Q1 was more than 5 years old and was limited                     
in supporting file systems larger than 2 TB. This resulted in having to divide the UNAVCO archive into                  
multiple file systems within VMWare, which introduced performance and space usage issues. To address              
this, an effort was started this quarter to begin moving to VMWare 6.0. We also moved to a Linux version                    
of the VMWare control center to eliminate the need for a Microsoft Server and help reduce costs. This                  
conversion should be complete in January 2017. 
 
The phone system used by UNAVCO at the start of Y4Q1 is no longer supported and hardware can no                   
longer be replaced. The IT group evaluated several replacement systems, and a new phone system was                
successfully installed by the end of Y4Q1. The new system is IP based and relies on existing ethernet                  
connectivity, eliminating the need for extra wiring to support the phones.  
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Many of the servers that currently support the existing VM environment are more than five years old and                  
are no longer under warranty. As newer products and tools are developed and the need to support more                  
instruments grows, the need for additional hardware also grows. Four new rack servers were installed in                
the data center this quarter. Production applications will be moved to the new servers, and the older                 
servers will be used for development. 
 
UNAVCO software development staff historically used the Subversion version control system as a software              
repository. Last year, some developers started to use another source control system, GitLab, that is built on                 
the open source GIT version control system. At the same time, others were testing a tool built on top of GIT                     
from Atlassian, called BitBucket. Other Atlassian products are currently in use at UNAVCO, and can               
integrate with BitBucket. UNAVCO IT plans to deprecate Subversion, and support a common tool across               
the organization after evaluation of Atlassian capabilities.  
 
UNAVCO GI requested that IT investigate any changes that might have caused a recent increase in cell                 
usage. IT discovered that IP filtering had been disabled at certain field installations, allowing network               
prowlers to gain access to the Internet. Once discovered, field teams re-enabled IP filtering.  
 
3.6.2 Internal Software Developments  
 
Development and testing of the new SIM card tracking for stations using cell communications continues.               
Automated tracking is planned to be completed in Y4Q2. The automation of reporting metrics for reports                
such as this one is nearly complete, with work remaining to automate full reporting for the multiple                 
categories of GPS metrics (standard rate, high-rate, data products, etc.). The deployment of strainmeters              
in Turkey revealed some shortcomings in the UNAVCO web site station pages that have been addressed,                
are currently being tested, and with release planned for January 2017. Modifications were also made to the                 
custom data request for BGAN supported stations and to better track Septentrio requests.  
 

3.7 GDS PROGRAM SUMMARY 
 
The Geodetic Data Services program continues to provide a growing body of diverse data sets and derived                 
products for a wide range of observing systems to the user community. GDS collects and monitors 90                 
detailed and six key summary metrics (Tables 3-1 and 3-2). These metrics include numbers of stations,                
data, and derived data product volumes archived and delivered, user metrics, and software downloads for               
data from all of the data different sensor types managed by UNAVCO. The six key summary metrics for                  
Y4Q1 include campaigns and permanent stations archived, data volumes archived and delivered, and are              
similar to prior quarters.  
 
The total volume of data archived this quarter, 7.5 TB, was 0.2 TB greater than last quarter. The total                   
volume of data archived (all sensors) is now over 233 TB, including 9.8 TB of ALS data archived at                   
OpenTopography (Figure 3-1). The total volume of data delivered to users this quarter, 15.0 TB, was 1 TB                  
less than last quarter. The total volume of data delivered (all sensors) is now over 374 TB (including 16 TB                    
of ALS data delivered via OpenTopography prior to GAGE) as shown in Figure 3-2. As was the case last                   
quarter, the volume of deliveries this quarter was artificially low (probably by several TBs) due to issues                 
with tracking RT-GPS metrics with Trimble’s PIVOT. The average for Y4Q1 unique monthly users is               
unprecedentedly high at 16,253, due to an extremely high number of unique, unresolved IPs picking up                
high-rate GPS data during both October and November (with ~20,000 IP’s in those months compared to                
under fewer in most typical months, and a Y4Q1 monthly average of 15,701 for high-rate GPS). Each IP                  
only accounted for a few files and tiny volumes. The largest volumes delivered went to the usual data                  
centers that routinely ingest GPS data (USGS, JPL, CU, and others). As part of an ongoing effort to provide                   
the most accurate metrics possible, slight changes to some previously reported values were made this               
quarter based on new information and refinements to our metrics tracking and reporting process.  
 
These metrics are one representation of core operations. Behind these numbers are a wide range of                
activities and projects, funded through the GAGE core and multiple ancillary awards that fund the breadth                
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of scope developed, operated and mai 
ntained by the GDS program. Ongoing development continues to focus on enhancing services and building               
capacity to manage data from new systems. This effort is laying the groundwork to transition from GPS                 
only to full GNSS, while expanding real-time data acquisition and processing to include hundreds of new                
sites. For TLS, the archive architecture has been completely rebuilt, and legacy data have been ingested.                
The management and processing of data from new satellites from ESA, JAXA and preparing for NiSAR are                 
the central challenge for advancing SAR. The overall cyberinfrastructure strategy - to consistently develop              
web services across all data systems - will facilitate integrative access and broader utilization of data and                 
services by the stakeholder science community. 
 

4. Education and Community Engagement 
 

4.1 OVERVIEW 
 
The Education and Community Engagement (ECE) program has four strategic areas of focus: provide              
professional development activities for community scientists and teachers, develop and disseminate           
geodesy- focused education materials , support geo workforce development , and provide communications         
and other support to the UNAVCO community . The ECE team actively participates in UNAVCO website               
updates, leads the organization-wide social media effort, works with UNAVCO staff to develop UNAVCO              
Program Highlights, and collaborates with external partners to develop interactive displays for exploring             
Earth science content. Whenever possible, ECE efforts closely coordinate with those of partner             
organizations including the EarthScope National Office, Geological Society of America, the American            
Geophysical Union, UCAR, and IRIS, among others. 
 

4.2 PROFESSIONAL DEVELOPMENT 
 
Professional Development support during Y4Q1 included short courses and workshops for university            
educators and K-12 teachers. Hooking undergraduates into geophysics data and methods (GPS, Lidar,             
InSAR, SfM photogrammetry) through societally important issues was a collaborative effort between            
UNAVCO, AGU, and Dr. G. Wang (University of Houston). Dr. Wang provided support for the course                
through his NSF TUES award “Integrating GPS and LIDAR Into Geoscience Education.” The course              
featured three education modules from the GEodetic Tools for Societal Issues (GETSI) project on which               
UNAVCO is the lead organization. Twenty-six faculty and graduate students spent the day exploring these               
teaching resources and developing implementation plans for incorporating materials in their own courses.             
Course evaluation results were highly positive with an average overall course rating of 9 out of 10 (10 being                   
“very satisfied”). All participants indicated plans to use elements of at least two modules and 85% stated                 
the intent to use at least one element of all three. The short course instructors were G. Wang (University of                    
Houston), B. Douglas (Indiana University), V. Cronin (Baylor University), G. Funning (UCR), B.             
Pratt-Sitaula (UNAVCO), and C. Crosby (UNAVCO). 
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Figure 4-1. Participants in the “Hooking undergraduates into geophysics data and methods” short course              
held in conjunction with AGU annual meeting in December 2016 (Photo: B. Pratt-Sitaula/UNAVCO). 
 

 
Figure 4-2. Participants in the December 2016 geodesy education short course practice modeling the strain               
observed between a triangle of “GPS stations.” This exercise is part of the GETSI module “GPS, Strain, and                  
Earthquakes” (Photo: B. Pratt-Sitaula/UNAVCO). 
 
ECE staff contributed to and co-led two workshops for K-12 teachers focused on incorporation of               
unmanned aerial vehicles (UAV) into formal education. UNAVCO is one partner on the Education              
Committee of the Federation of Earth Science Information Partners (ESIP). The focus of the ESIP               
Education Committee is to promote Science, Technology, Engineering, and Math (STEM).  
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The Using Recreational UAVs (Drones) for STEM Activities and Science Fair Projects workshop was              
conducted at the regional meetings of the National Science Teachers Association (NSTA) in Portland,              
Oregon and Columbus, Ohio. Both workshops provided training and hands-on experience through            
discussions, activities and interactions about the application of drones to conduct science investigations.             
Geodesy is a key element of the workshop content, laying the foundation for students to learn about                 
geodetic and Structure from Motion imagery, reference frames, data collection, science and engineering             
practices for research investigations and design principles, and research and experimentation using            
lightweight and inexpensive instruments.  
 
Other notable activities:  

● The Portland NSTA conference included a share-a-thon where ECE staff presented UNAVCO            
information and educational materials to teachers in an informal setting. The Tectonic Motions of              
the Western United States module and poster were an item of significant interest to teachers.  

● UNAVCO also shared educational materials through the Geophysical Information For Teachers           
(GIFT) Workshop at the AGU Fall share-a-thon. 

● ECE staff (S. Olds) conducted a K-12 teacher workshop at the Colorado Science Conference for               
Professional Development in Denver, Colorado. 

 

 
Figure 4-3. A workshop participant flies a lightweight environmental instrument and camera during the              
November 2016 NSTA Portland Area Conference workshop,”Using Recreational UAVs (Drones) for STEM            
Activities and Science Fair Projects” (Photo: S. Olds/UNAVCO)  
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4.3 EDUCATION RESOURCES 
 
UNAVCO facilitates the development and dissemination of geodesy-focused educational materials. The           
GETSI project (GEodetic Tools for Societal Issues) develops teaching materials for engaging            
undergraduate students in addressing societally important Earth science questions through the use of             
geodetic data and methods. Funding for GETSI includes an NSF TUES (Transforming Undergraduate             
Education in STEM) award for classroom module development and an NSF IUSE (Improving             
Undergraduate STEM Education) exploratory award for the field methods modules. The former is a              
collaboration between UNAVCO, Indiana University (B. Douglas), and Mt. San Antonio College (B.             
Walker) and the latter is collaborative with UNAVCO, Indiana University (B. Douglas) and Idaho State               
University (B. Crosby).  
 
During this quarter the classroom module GPS, Strain and Earthquakes and field module Analyzing High               
Resolution Topography with TLS and SfM were both published to the GETSI website. Classroom modules               
Measuring Water Resources with GPS, Gravity, and Traditional Methods and Surface Process Hazards             
are in final revision. The field module High Precision Positioning with Static and Kinematic GPS is under                 
development. As detailed in the Professional Development section, a webinar and short course were also               
conducted. Now that GETSI have a proven development and dissemination module for geodesy teaching              
resources, UNAVCO has proposed to NSF IUSE-EHR to fund an additional six modules and significantly               
more dissemination and instructor professional development. 
 

 

Figure 4-4. Screen shot of the most recently published GETSI module called “GPS, Strain, and               
Earthquakes.” It emphasizes understanding of strain through the ongoing strain between triangles of GPS              
stations rather than finite strain typically featured in structural geology courses. Students and instructors              
access and analyze Plate Boundary Observatory GPS data. 
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4.4 COMMUNITY COMMUNICATIONS 
 
Quarter 1 communications are typically focused on promoting and participating in conference exhibitions.             
The annual meeting of the Geological Society of America was in September this year (Y3Q4) but is reported                  
here. UNAVCO exhibited at the annual Fall Meeting of the American Geophysical Union, focusing on               
promotion of internship opportunities, educational resources, and a new publication documenting Plate            
Boundary Observatory data products, and distribution of Tectonic Motions posters.  
 
Engagement through UNAVCO social media was high this quarter with Facebook, Instagram, and             
Pinterest accounts continuing to grow with a steady stream of new posts, followers, and likes for all three                  
social media platforms. The fastest growing channels are Instagram and Pinterest. Instagram followers             
have more than doubled since Y3Q1 (172 vs. 442). Utilizing hashtags, information-rich posts, and              
appealing fieldwork photos help us reach a broad audience. Creating and sharing Instagram posts via               
Hootsuite, a free social media management platform, has allowed for seamless and time-efficient             
implementation. The UNAVCO Pinterest engagement includes substantial increases in both average daily            
impressions and monthly viewers. On average, our Pinterest account has 62 daily impressions and over               
900 viewers a month, compared to Y3Q1 where the average was 1 daily impression and only 28 monthly                  
viewers. This increase is attributed to new pins and boards.  
 
The PBO SiteLog (see section 1.0 above) was mailed to more than 150 landowners and parks, highlighting                 
over 200 sites (some owners and parks have more than one instrument on site). Each mailing included a                  
customized insert to the PBO siteLog that featured the station’s time series and velocity maps, with                
information on how to understand the plots. This was a significant cross-organizational effort involving              
over 30 staff members across the organization. Initial feedback from landowners has been highly positive,               
with the mailing resulting in renewal of multiple permits as well as savings due to no-cost extensions. 
 
Other notable activities:  

● UNAVCO participated in Super Science Saturday, a public outreach event hosted by UCAR in              
Boulder, Colorado. Five staff members from across the organization contributed to sharing the             
science of measuring glacial isostacy with families in UNAVCO’s home community. 

● Three New videos promoting the UNAVCO internship programs (Geo-Launchpad, RESESS, and           
USIP) were created. In addition, closed captioning was added for all UNAVCO animations,             
Geoscience Career Spotlight videos, and UNAVCO history videos to improve access to these             
resources. All videos are available on the UNAVCO YouTube channel (unavcovideos). 

● Following a successful Reddit AMA (Ask Me Anything) on geohazards in September, UNAVCO             
participated by request in a second Reddit AMA in November on a geoscience career forum to                
answer questions about careers in geoscience communication. 

 

4.5 GEO-WORKFORCE DEVELOPMENT 
 
UNAVCO is committed to broadening and increasing the geodesy community and geoscience workforce.             
Efforts are focused on providing opportunity in various stages of the geoscience academic/career pipeline              
including internships, mentoring, and online resources. A significant effort in the first quarter of each year                
is supporting recent interns and alumni of UNAVCO internship programs at scientific conferences. Ten              
interns attended the Fall Meeting of the AGU (six RESESS interns from the 2016 cohort and four USIP                  
interns). Interns and UNAVCO staff met for a networking dinner where they exchanged information and               
advice regarding graduate school and beyond. 
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Figures 4-5 and 4-6: 2016 AGU Fall meeting activities. (left) Attendees listen to RESESS intern Danya                
AbdelHameid describe her summer research. (right) RESESS and USIP internship alumni dinner (Photos:             
A. Morris/UNAVCO) 
 
An ECE staff member (A. Morris) attended the American Indian Science and Engineering Society              
Conference (AISES) conference in Minneapolis, MN to recruit students for UNAVCO internships, and meet              
with collaborators and stakeholders. Morris also was a panelist on a Town Hall at the AGU meeting:                 
Strategies for Attracting and Advancing a Diverse Geoscience Workforce , and also co-chaired the             
Undergraduate Poster Showcase, a session that highlights the work of undergraduate researcher. 
 

4.6 ECE PROGRAM SUMMARY 

 

The ECE program continues to strengthen collaborations with our community members and partnerships             
with mission-similar organization. Collaborations with ESIP were strengthened this quarter through the            
collaborative teacher workshops through NSTA; we held the first-ever short course at AGU with another               
short course already in the planning stages for the 2017 Fall Meeting. Staffing within the ECE program                 
continues to be steady with no turn over and all staff members contributing to increasing the reach of                  
UNAVCO.  
 

5. Summary 
 

During GAGE Y4Q1, staff productivity was in full force and many long-term efforts matured. PI-led               
networks in Oklahoma, GeoGONAF, COCONet, and TLALOCNet are at or very near completion. The GI               
program received 100 new Septentrio receivers, 79 of these have been deployed after rigorous testing,               
advancing the joint GI & GDS goal of modernizing data handling so that it relies on managing BiNEX data                   
streams in real time rather than daily raw and RINEX files that. A number of other efficiencies were                  
realized by GDS with significant progress in updating, automating, and improving data management and              
services. ECE advanced activities in each of its four strategic areas of focus through intern recruitment, and                 
the dissemination of geodesy-related educational materials, curriculum, and outreach, at workshops, short            
courses, professional meetings, and online. 
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