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Geodesy Advancing Geosciences and EarthScope:
GAGE Quarterly Project Report
Y3Q3: 01 April 2016 – 30 June 2016
0. Introduction
In this report, we present the program activities and broader impact for the third quarter of the third
project year (Y3Q3) for Geodesy Advancing

Geosciences and EarthScope: the GAGE Facility, under NSF
Award EAR1261833 to UNAVCO, Inc. The report includes four sections: (1) UNAVCO Community,
Governance and Management, (2) Geodetic Infrastructure Program, (3) Geodetic Data Services Program,
(4) Education and Community Engagement Program, and three Attachments: UNAVCO Proposal Log,
Budget and Variance Reporting, and Project Concerns. Each section is accompanied by performance
metrics that chart the contributions and progress of the GAGE Facility. Throughout this report, we
differentiate the work of the UNAVCO GAGE Facility and its activities from those of the UNAVCO
university consortium, which is a community of scientists with associated university membership,
governance, and oversight of the nonprofit corporation UNAVCO, Inc. and its management.

1. Community, Governance & Management
1.1 THE UNAVCO CONSORTIUM AND COMMUNITY
UNAVCO, a nonprofit, universitygoverned consortium, facilitates geoscience research and education
using geodesy. The consortium membership increased to 111 US academic Members, nearly all of which
are degreegranting institutions that participate in UNAVCO governance and science community. Another
102 Associate Members include organizations that share UNAVCO’s purpose at home and abroad, giving
it global reach in advancing geodesy. During the Y3Q3, one new Associate Member finalized their
membership:
● University of Iceland
Five Geodetic Science Snapshots were published featuring results from community work including:
● GPS and Small Earthquakes Track Periodic Slow Slip That Precedes Large Earthquakes (Tohoku
University, University of California, Berkeley)
● Alaska’s Subduction Zone and Potential for Large Tsunamis (U.S. Geological Survey)
● Geodetic Network Captures Gorkha Earthquake Dynamics (California Institute of Technology,
University of CaliforniaBerkeley, Scripps Institution of OceanographyUCSan Diego, Central
Washington University, U.S. Geological Survey)
● Tracking the Rise of the Antarctic Peninsula with GPS (Durham University, University of
Tasmania, Newcastle University, British Antarctic Survey, University of Leeds, University of
Denmark, Delft University of Technology, Georgia Institute of Technology)
● Pinpointing Slip and Earthquake Location with the Guatemalan Geodetic Network (University of
Wisconsin, Madison, CNRS, Paris, France, Universidad Mariano Galvez, Guatemala, Universidad
San Carlos, Guatemala City, Guatemala, CNRS, Grenoble, France)

Highlight
Geodesy and EarthScope at the USA Science and Engineering Festival
The USA Science and Engineering Festival (USASEF) is a biannual, fourday event held in Washington,
D.C. featuring all disciplines of science and engineering in a family–friendly environment. UNAVCO and
the EarthScope National Office participated for the fourth time, bringing geodesy, EarthScope, and
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general geoscience to thousands of attendees. USASEF is the largest and only national science festival,
started in 2010 to advance STEM education and inspire the next generation of scientists and engineers. It
attracted more than 350,000 participants in 2016, making it the largest event housed in the Walter E.
Washington Convention Center. The festival included over 3000 handson activities, more than 30 stage
shows, and featured guests such as Bill Nye the Science Guy, current NASA astronauts, and the rock group
They Might Be Giants.
UNAVCO and the EarthScope National Office with assistance from Smithsonian staff engaged over 17,000
festival attendees with demonstrations of isostacy and volcano deformation. Handson demonstrations
allowed visitors to place instruments on a deforming sand volcano and alongside a growing or shrinking
“flubber” glacier. Visitors then interpreted EarthScope Plate Boundary Observatory GPS data alongside
glaciers in southeastern Alaska and on Mount St. Helens in the “other” Washington. The takeaway
messages included how instruments help us learn about processes we can’t readily see, how better
understanding the Earth has direct societal applications, and how PBO is a national asset that we rely
upon for decision making. The USASEF offers a unique opportunity to reach a broad audience, including
students of a very diverse demographic, teachers, and policy professionals.

Figure 11. UNAVCO and ESNO staff discuss volcano geodesy and glacial isostacy with the next generation
of scientists and policy makers at the USA Science & Engineering Festival in Washington, D.C. (Photo:
Perle Dorr/IRIS)

3

1.2 UNAVCO GOVERNANCE AND MANAGEMENT
UNAVCO Governance and Management activities for Y3Q3 included one facetoface and weekly
teleconference board meetings, as well as a joint GI and GDS Advisory Committees meeting. Staff
members represented UNAVCO at meetings and workshops as detailed below, including some PI foreign
travel.
1.2.1 Governance Activities
The Geodetic Infrastructure and Geodetic Data Services Advisory Committees held a joint meeting in May
to develop guidance and recommendations to the Board related to the NGEO proposal. The Education
and Community Engagement Advisory Committee (ECEAC) met via teleconference 9 May to discuss
writing an addendum to the Board of Directors report for recommendations for ECE activities in the
NGEO proposal. The teleconference was followed with significant engagement via email exchange. A
revised report was submitted to the Board.
The UNAVCO Board of Directors met at UNAVCO Boulder office in June 27  28. In addition to the
regular business Business Affairs and Financial Oversight and Control Measures, the board developed
guidance for responding to the NGEO solicitation. The board also held regular weekly telecons to guide
progress on GNEO planning.
1.2.2 Management Activities
During Y3Q3, two staff members left the organization; Software Engineer, Stuart Wier, retired after a
fruitful career at UNAVCO, and a parttime ECE Specialist left upon completion of her term assignment.
In addition, a polar technician transitioned to disability leave status. Charlie Sievers, a former Software
Engineer, was rehired. And 20 interns joined UNAVCO for short term assignments in UNAVCO’s three
internship programs (RESESS, GeoLaunchpad, USIP; see Section 4).
1.2.3 UNAVCO Staff Representation at Meetings and Workshops, PI Foreign Travel
UNAVCO staff represented community interests and presented facility contributions at a number of
meetings and workshops. UNAVCO governance and some informational meetings are also included here.
●

The 2016 Earth Science Data System Working Group Meeting, Goddard Space Flight Center,
Greenbelt, MD, April 6th8th 2016. Attended by D. Ertz.

●

GETSI Field Materials Development Meeting, Pocatello, ID, April 1516, 2016. Attended by B.
PrattSitaula.

●

European Geoscience Union General Assembly 2016, Vienna, Austria, April 1722, 2016. Attended
by B. Gross, G. Mattioli, C. Meertens, and D. Mencin.

●

National Alliance for Broader Impacts Conference, Philadelphia, PA, April 2022, 2016. Attended
by D. Charlevoix and A. Morris.

●

DoT Adjacent Band Interference GNSS Receiver Testing, White Sands Missile Range, NM, April
2529, 2016. Attended by F. Blume and H. Berglund.

●

Envisioning the Future of Undergraduate STEM Education: Research and Practice Symposium,
Washington, DC, April 2729, 2016. Attended by D. Charlevoix and B. PrattSitaula

●

Future STEM Leaders Meeting, Washington, DC, May 34, 2016; Attended by A. Morris.

●

Fourth COCONet Community Workshop: Results, Sustainability, and Capacity Building, Punta
Cana, Dominican Republic, May 35, 2016. Attended by B. Bartel, F. Boler, K. Feaux, M. Fend, J.
Galetzka, T. Luevano, J. Magliocca, G. Mattioli, C. Meertens, J. Normandeau, M. Rost, L. Rowan,
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J. Sandru, and S. Wier.
●

National Earthquake Conference Quadrannual Meeting, Long Beach, CA, May 46, 2016.
Attended by B. PrattSitaula (on behalf of CEETEP).

●

ESA Living Planet Symposium, Prague, Czech Republic, May 913, 2016. Attended by S. Baker.

●

Japan Geoscience Union Meeting, Chiba, Japan, May 2226 2016. Attended by C. Crosby (invited
talk).

●

IRIS Science Workshop, June 810, 2016. Attended by G. Mattioli and C. Puskas.

●

CSAV International Training Program, Hilo, HI, June 912, 2016. Threeday course taught by
D.A. Phillips.

●

NEON Summer Institute, Boulder, CO, June 21, 2016. Invited presentation by C. Crosby.

●

Workshop on PK12 Education for the Planet Earth of Tomorrow, Estes Park, CO, June 2224,
2016. Attended by D. Charlevoix.

●

2016 Polar Networks Science Committee, Fort Collins, CO, June 2829th 2016. Attended by M.
Miller, J. Pettit.

●

USGS Meeting of the Alaska Earthquake Working Group, Seattle, WA, June 2930, 2016. C trip
by G. Mattioli, who then participated via WebEx.

1.2.4 Publications, Abstracts, and Other Products Created by UNAVCO Staff
Abstracts and Presentations:
●

Smith, A.L., J.M. Roobol, J.E. Fryxell, and G.S. Mattioli, 2016, Providencia Island: A Miocene
Stratovolcano On The Lower Nicaraguan Rise, Western Caribbean  A Geological Enigma,
Geological Society of America, Cordilleran Section  112th Annual Meeting. April 46 2016. Paper
No. 259.

●

Mattioli, G.S., D. Mencin, K. Hodgkinson, C. Meertens, D. Philips, F. Blume, H. Berglund, O. Fox
and K. Feaux, 2016, The EarthScope Plate Boundary Observatory and allied networks, the
makings of nascent Earthquake and Tsunami Early Warning System in Western North America,
EGU General Assembly 2016 (10953): SM3.3 Real time seismology and earthquake early warning,
Vienna, Austria, April 1723, 2016.

●

Mencin, D., M. Bohnhoff, G. Mattioli, R. Bilham, H. Ozener, W. Johnson, M. Gottlieb, E. Van
Boskirk, D. Acarel, F. Balut, O. Bal, and H. Aydin, 2016, Installation and Initial Results of
Borehole Strainmeters around the Marmara Sea in Turkey, EGU General Assembly 2016 (10935),
G3.5/GD5.9/SM6.4 Monitoring and modelling of geodynamics and crustal deformation: progress
during 35 years of the WEGENER initiative (coorganized), Vienna, Austria, April 1723, 2016.

●

DeLong, S., Crosby, C., Pickering, A.J., Prentice, C.S., Lienaemper, J.,J., Hecker, S., Clahan, K.B.,
Rubin, R.S., Dawson, T.E., Scharer, K.M., Sickler, R.R., Schwartz, D.P., Ultrahigh resolution
topographic data for earthquake science: laser scanning versus photogrammetry, Seismological
Society of America 2016 Annual Meeting, Reno, NV. April 2022, 2016.

●

Olds, S., and L. Dahlman, Drones in STEM Education Webinar: Plan, Fly, Review: Documenting
Drone
Data,
http://www.esipfed.org/node/9052,
Presentation
is
available
at:
https://drive.google.com/open?id=0BxYzqEWtQZgAYU4yUUVZZFVONjg. Federation of Earth
Science Information Partners, April 26, 2016.

●

Morris, A. R. and R. Haacker, Partnerships for building a diverse STEM workforce, Future STEM
Leaders Meeting, Washington, DC, May 34, 2016.

●

Baker, S., C. Crosby, C. Meertens, The Seamless SAR and CommunityContributed Product
Archives at UNAVCO, Paper 2681, presented at ESA Living Planet Symposium, Prague, Czech
Republic, May 913, 2016.

●

Crosby, C., Arrowsmith, J R., Nandigam, V., Increasing the Impact of High Resolution
Topography through Open, Online Access to Data and Processing, JpGU May 22, 2016.
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●

Puskas, C., D. A. Phillips and K. Hodgkinson, Geodetic records of subduction zone deformation
from the Plate Boundary Observatory, presented at 2016 IRIS Workshop, Vancouver,
Washington, 810 June, 2016.

1.2.5 GAGE Facility Products
UNAVCO supports community science and education through the development of products available via
the UNAVCO website and Knowledgebase (Table 11). Products are publically available and accessed by
community members as well as the general public.
Table 11. GAGE Facility products.
GAGE FACILITY PRODUCTS

GAGE Y3Q3

Datasets Published by DOI
Knowledge Base Documents Created
Knowledge Base Documents Updated
Highlights Published
Science Snapshots Published

108
5
23
5
5

UNAVCO Program Highlights are featured on the homepage of the UNAVCO website and provide
summaries of UNAVCO activities, technology, engineering, education, and support. Five Highlights were
published in GAGE Y3Q3. A short description follows each Highlight title.
●

Data Event Response to the 1 April 2016 Mw 6.2 Earthquake 100km NNE of Chignik Lake, Alaska
In response to the Mw 6.2 earthquake 100km NNE of Chignik Lake, Alaska on 20160402
05:50:00 (UTC)

●

Data Event Response to the 16 April 2016 Mw 7.8 Earthquake 27km SSE of Muisne, Ecuador In
response to the Mw 7.8 earthquake 7.8 Earthquake 27km SSE of Muisne, Ecuador on 20160416
at 23:58:37 (UTC)

●

Data Event Response to the 10 June 2016 Mw 5.2 Earthquake 20km NNW of Borrego Springs,
California In response to the Mw 10 June 2016 Mw 5.2 Earthquake 20km NNW of Borrego
Springs, California on 20160610 at 12:09:02 (UTC)

●

Data Event Response to the 9 June 2016 Mw 6.1 Earthquake 17km E of Puerto Morazan,
Nicaragua In response to the Mw 6.1 earthquake 17km E of Puerto Morazán, Nicaragua on
20160610 at 03:25:22 (UTC)

●

Geosphere Science—Positioning UNAVCO, Advancing Geodesy: The 2016 UNAVCO Science
Workshop. A summary of the 2016 UNAVCO Science Workshop.

1.2.6 Broader Impacts for Community, Governance and Management
UNAVCO Websites. The UNAVCO websites are managed by the Web Team (Web Editor in Chief and Web
Administrators), Section Editors, and subject matter experts who contribute web content. Content for the
seven main sections of the primary UNAVCO website (Community, Projects, Instrumentation, Data,
Software, Science, and Education) are the responsibility of seven Section Editors.
As part of our Web Integration project, our goal is to retire pbo.unavco.org and facility.unavco.org once all
dynamic content and applications have been migrated to www.unavco.org. In the interim, we use URL
redirects to 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 last quarter, facility.unavco.org is
publicly online temporarily in order to redirect to the old Knowledge Base URLs to the new
www.unavco.org namespace.
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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.
Updates focused on modernization of the Web Infrastructure, including IT infrastructure, server and
application software, review of best practices for building and maintaining this infrastructure, and
virtualization and standardization.
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 12A). 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 12A. Quarterly activity for the primary UNAVCO websites. Number of users: quantifies the number
of different site visitors. Session: the period time a user is actively engaged with our website. Users are
those that have had at least one session within the past quarter (includes both new and returning users).
Pageviews: the total number of pages viewed; repeated views of a single page are counted.
WEBSITE IMPACTS
GAGE Y3Q3
Number of Users

57,106

Number of Sessions

92,178

Page Views

227,239

Table 12B. Breakdown of Table 12A by third order domain. Note that these metrics will change in future
reports with the reconfiguration of the web site.
NUMBER OF
NUMBER OF
WEBSITE
PAGE VIEWS
USERS
SESSIONS
Y3Q3 www.unavco.org
52,608
85,271
212,112
Y3Q3 pbo.unavco.org
876
2,008
6,135
Y3Q3 resess.unavco.org
2,255
2,878
5,851
Y3Q3 coconet.unavco.org
1,367
2,021
3,141
UNAVCO Outreach and Broader Impacts. The reach of UNAVCO activities and supported research
extends well beyond the core activities of staff. Outreach activities are conducted by staff throughout the
entire UNAVCO organization including Geodetic Infrastructure (GI) and Geodetic Data Services (GDS)
and UNAVCOdeveloped resources are used by teachers, researchers and the general public nationally
and around the world. Of note this quarter is the distribution of the posters: Tectonic Motions of the
Western United States and Tectonic Motions of Alaska, featuring velocities of select PBO stations.. Over
530 posters were distributed to teachers, primarily in Texas. The teachers are using them for workshops,
training other teachers. The posters are expected to be used in over 250 classrooms. With an average of
23 students per class, potentially over 5,750 students will be exposed to and learn about the Plate
Boundary Observatory and the science of geodesy. (Note that our official metrics document direct
interactions; the reach to teachers is shown in Table 14, the indirect contact to students is not recorded.)
Table 13. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE).
OUTREACH: ACTIVITIES (QTY)

GAGE Y3Q3

Short Courses

1
7

Education Workshops and Outreach Events
Internship Programs

11
3

Table 14. Number of people reached through the activities identified in Table 13, 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 Y3Q3

Researchers + Research Faculty
University + College Faculty
Postdocs
Graduate Students
Undergraduate Students
Public / K12 Students
K12 Faculty
Other Professionals
Large Event visitors

20
3
0
7
101
288
292
57
18,846

2. Geodetic Infrastructure Program
2.1 OVERVIEW
This UNAVCO program integrates all geodetic infrastructure and data acquisition capabilities for
continuously operating observational networks and shorterterm 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. One important milestone this quarter was that UNAVCO operations and management
(O&M) support surpassed support of 900 cGPS stations globally in 63 different networks installed in
support of PI projects.
The GI program provides engineering services to individual PIs for shorterterm GPS and TLS projects,
and other investigatorled 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, two key areas for enhancement
were identified through community input and delineated in the GAGE proposal:
●

The continued upgrade of PBO to highrate (>1 Hz), lowlatency (<1 s), wellhardened sites in
order to support research activities related to dynamic fault rupture and volcanic eruption
processes and for early detection of earthquake and volcano hazards and risk mitigation.

●

Continued evaluation and upgrade of all GPS receiver pools for implementation of full GNSS
capability.
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Both of these tasks build on the specific recommendations of the Committee on National Requirements
for Precision Geodetic Infrastructure [NRC, 2010]. Based on evaluation and selection of a new GNSS
preferred acquisition of the new multiconstellation GNSS instrument was completed during GAGE Y2.
In GAGE Y3Q3, GI and other UNAVCO staff were busy with the organization and execution of the
“Community Workshop: COCONet – Results, Sustainability, and Capacity Building,” which occurred as
planned from May 35, 2016 in Punta Cana, Dominican Republic. There were 78 participants at the
COCONet workshop, representing US and international academic and governmental institutions,
including one NSF Program Director, and 10 UNAVCO staff, all of whom provided some level of support
for COCONet construction, operations and maintenance, outreach, or communications. In addition, the
PI and CoPI of the 4th workshop award (EAR1634055), both of whom are CoPIs on the COCONet
award (EAR1042906), along with two UNAVCO support staff that were instrumental in facilitating the
workshop, also participated. Also 31 of the 78 workshop participants, primarily from the Caribbean
region, participated in the Dataworks training on the afternoon of the 3rd day. UNAVCO staff along with
other members of the organizing committee contributed written materials that were incorporated into a
draft Final Workshop Report to the NSF during Y3Q3. We anticipate that the final report will be
submitted to NSF in Y3Q4.
The GI Director, together with Dr. Peter LaFemina of Penn State, convened “Community Workshop:
Scientific Drivers and Future of Mount Erebus Volcano Observatory (MEVO)” on February 22 to 24, 2016
at UNAVCO HQ in Boulder, CO. Completion of the workshop of the Final Workshop Report was a high
priority for the GI Director during GAGE YR3Q3. The report was submitted to NSF on April 25, 2016,
approved on May 2, 2016, and posted to the UNAVCO website as a link on “What’s Hot” in Y3Q3.
The GI Director coordinated the submission of two other major proposals in GAGE Y3Q3. First,
UNAVCO was invited to submit to the USGSEHP2016PAG16AS00042 announcement to incorporate
GNSS into the USGS ShakeAlert system. UNAVCO submitted on May 16, 2016 a proposal entitled
“Incorporating Realtime GNSS into ShakeAlert: Collaborative Proposal between Central Washington
University and UNAVCO, Inc.,” which requested $2.46M for 2 years, 20162017. This proposal sought
funds that would enhance existing PBO stations in WA, OR, and CA and provide partial USGS support for
ongoing O&M for PBO stations deemed essential for the nascent ShakeAlert, earthquake early warning
system. This proposal was declined on June 15, 2016. Second, the GI Director, after extensive efforts to
contact appropriate program managers in NOAA during GAGE Y3Q3, revised and resubmitted on May
20, 2016, an unsolicited proposal that had been previously submitted to NOAA on September 30, 2015.
The revised proposal went to NOAANFANFAPO20162004791, Broad Agency Announcement,
Designated NOAA Line Office – Office of Atmospheric Research NOAAOAROHQ20162004785. The
proposal was entitled “Development of a multisensor, realtime cGNSS/Met network in the Arctic to
support NOAA longterm mission objectives: enhancement and expansion of the EarthScope Plate
Boundary Observatory in Alaska,” which requested $1.52M for 3 years, 20162018. This proposal to the
2016 NOAABAA is currently under review.
In addition to these activities, the GI Director and senior Project Managers in the GI group, developed
strawman budgets and preliminary ideas for the UNAVCO response to the NSF NGEO Facility
solicitation, which followon at the close of the GAGE Facility in 2018. The GI Director provided a written
report and oral presentation to a joint GI/GDS Advisory Committee meeting that occurred at UNAVCO in
Boulder, CO on May 910, 2016. Based on the feedback from the joint GI/GDS AC meeting, a revised and
expanded analysis was presented to the UNAVCO Board of Directors by the GI Director on June 27, 2016.
The documents have formed a starting point for additional discussions by ad hoc committees empowered
by the UNAVCO BoD at the close of GAGE Y3Q3.
The remaining 30 Septentrio PolaRx5 production instruments (out of 100 ordered) were received by
UNAVCO in GAGE Y3Q3 for testing by prior to deployment. PBO GPS Ops staff continued to meet to
refine the station plan for deployment of the new PolaRx5 instruments. The initial plan has been guided
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by feedback from the GI Director and the GI AC recommendations and will focus on installing the new
multiconstellation GNSS instruments at PBO stations that already have broadband GNSS LNA and
elements in existing choke ring antennas. The goal is to deploy all 100 new instruments by the close of
GAGE Y3. Final technical specifications and requirements for the PolaRx5 initial firmware release as well
as the initial implementation of BINEX streaming data packages was cooperatively developed through
several telecons and document exchanges continued in Y3Q3. We anticipate that a major firmware
release, which will incorporate BINEX along with “archival quality data streaming” will be available in
Y3Q4.
At the close of Y3Q3, the GI group headcount is now 41 with 39.75 FTE, a reduction of 1.0 FTE, as a result
of a Polar Services staff member transitioning to medical disability leave. At this time, there is no
intention to backfill this position with a new hire and technical support tasks have been assigned to
existing Polar Services engineers.
A summary of the important GI support metrics for the quarter is shown below in Table 21.
Table 21. Geodetic infrastructure metrics for GAGE.
GEODETIC INFRASTRUCTURE METRICS: SUMMARY OF KEY METRICS
PI Projects & Proposals Supported: NSFEAR, NSFOther (Qty)
PI Projects & Proposals Supported: NSFPLR (Qty)
PI Projects & Proposals Supported: Other Community (Qty)
Permanent Stations Supported: NSFEAR and Community, PBO and Related (Qty)
Permanent Stations Supported: NSFPLR (Qty)
Permanent Stations Supported: NASA GGN (Qty)
PI PROJECTS SUPPORTED (QTY)
GPS NSFEAR
GPS NSFOther
GPS Other Community
GPS NSFPLR Arctic
GPS NSFPLR Antarctic
TLS NSFEAR
TLS NSFOther
TLS Other Community
TLS NSFPLR Arctic
TLS NSFPLR Antarctic
PI PROPOSALS SUPPORTED (QTY)
GPS NSFEAR
GPS NSFOther
GPS Other Community
GPS NSFPLR Arctic
GPS NSFPLR Antarctic
TLS NSFEAR
TLS NSFOther
TLS Other Community
TLS NSFPLR Arctic
TLS NSFPLR Antarctic
UNIQUE PIs SUPPORTED (QTY)
GPS NSFEAR: Projects and Proposals
GPS NSFOther: Projects and Proposals
GPS Other Community: Projects and Proposals
GPS NSFPLR Arctic: Projects and Proposals
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GAGE Y3Q3
17
31
22
2251
133
59
GAGE Y3Q3
6
0
12
11
1
3
1
6
3
0
GAGE Y3Q3
6
1
4
0
14
0
0
0
0
2
GAGE Y3Q3
12
1
16
9

GPS NSFPLR Antarctic: Projects and Proposals
TLS NSFEAR: Projects and Proposals
TLS NSFOther: Projects and Proposals
TLS Other Community: Projects and Proposals
TLS NSFPLR Arctic: Projects and Proposals
TLS NSFPLR Antarctic: Projects and Proposals
PERMANENT STATIONS O&M (QTY)
GPS NSFEAR and Community
GPS NSFPLR Arctic
GPS NSFPLR Antarctic
GPS NASA GGN
PBO GPS
PBO Borehole Seismometers
PBO Borehole Strainmeters
PBO Shallow Borehole Tiltmeters
PBO Pore Pressure Sensors
PBO Long Baseline Laser Strainmeters
POOL EQUIPMENT (QTY & UTILIZATION)
GPS NSFEAR (# Receivers in Pool)
GPS NSFEAR (Average % Utilization)
GPS NSFEAR (Peak % Utilization)
GPS NSFPLR Arctic (# Receivers in Pool)
GPS NSFPLR Arctic (Average % Utilization)
GPS NSFPLR Arctic (Peak % Utilization)
GPS NSFPLR Antarctic (# Receivers in Pool)
GPS NSFPLR Antarctic (Average % Utilization)
GPS NSFPLR Antarctic (Peak % Utilization)
GPS Systems Repaired (UNAVCO & Community)
TLS (# Scanners in Pool)
DEVELOPMENT & TESTING (QTY)
D&T Projects Worked
D&T Projects Completed

1
2
1
5
2
0
GAGE Y3Q3
910
57
76
59
1132
79
75
26
23
6
GAGE Y3Q3
687
78%
82%
125
50%
52%
208
50%
53%
42
7
GAGE Y3Q3
9
1

2.2 COMMUNITY AND CONTINUOUSLY OBSERVING NETWORKS
2.2.1 Plate Boundary Observatory and Related Projects
UNAVCO operated and maintained the following instruments this period as part of the PBO network:
● 1132 permanent GPS stations (1,100 PBO core, 32 affiliated)
● 75 borehole strainmeters (74 PBO core, 1 NSF Continental Dynamics)
● 79 borehole seismometers (78 PBO core, 1 NSF Continental Dynamics)
● 23 borehole pore pressure sensors
● 26 shallow borehole tiltmeters
● 6 long baseline laser strainmeters
● 145 meteorological stations (118 core, 27 NOAA)
● 684 realtime streaming GPS stations (approximate total including ~617 PBO Core/Cascadia, 14
TLALOCNet, 51 COCONet, 2 in Nepal)
2.2.1.1 cGPS Network
During GAGE Y3Q3, the PBO GPS and Related Networks Group completed a number of tasks in support
11

of the primary goal of maintaining the PBO GPS network at a high level of performance. The work
involved upgrading radio networks to provide high rate, realtime, multiconstellation data streams. The
summer, helicopterassisted maintenance in Alaska began in May 2016 and will continue in Y3Q4.
Lastly, the TLALOCNet project completed the final installation on Guadalupe Island, the last scheduled
cGPSMet station in the construction phase of the project.

Figure 21. GPS uptime time series for PBO network from April 2009 through June 2016.
Other highlights from Y3Q3 include:
●

●

●

●
●

●

The 1,100station core PBO GPS network uptime percentage for the month of June was 93.0%.
For Y3Q3, the network uptime percentage was 92.3% and for the project since inception is 94.6%.
We note that there is now an indication that deferred O&M has started to negatively impact PBO
uptime from a peak in 2012 (see figure 21).
In GAGE Facility Y3Q3, there were 176 PBO GPS site visits for PBO, resolving 384 GPS
maintenance issues during 279 engineerdays in the field. An additional 56 days of engineer travel
involved required meetings and training. Other PBO GPS Operations staff travel included
activities related to Rio Grande Rift support (4 days), and TLALOCNet (24 days).
In a continuing effort to modernize the PBO GPS network, PBO engineers deployed 6 GLONASS
and RTXenabled Trimble NetR9 receivers in the San Francisco Bay Area to augment the USGS
EEW system.
PBO staff completed helicopter safety, bear awareness, PIVOT realtime, and tower safety
training courses.
NSF approved the inclusion of 16 telemetered cGPS stations from the Rio Grande Rift project into
GAGE PBO GPS Ops scope. The remaining 10 stations that require manual downloads will be
serviced and downloaded only on a targetofopportunity basis.
The PBOSW region team upgraded the radio network for the six stations installed after the El
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●

●

MayorCucapah earthquake in northern Baja California, Mexico.
The PBOSW region team also upgraded and expanded an 11station radio network in the west
Mojave and southern Sierras with high bandwidth 5.8GHz spectrum communications. Two cell
modems were decommissioned and data transfer rates were in increased >800% for most
stations.
PBO engineers began deployment of Septentrio PolarRX5 instruments in order to provide
multiconstellation tracking and improved RF interference mitigation. Under a Memorandum of
Understanding between UNAVCO and ODOT, signed earlier in the Y3, the Oregon DOT will
provide new Septentrio instruments at 20 PBO stations.

●

TLALOCNet engineers completed the upgrade of station GUAX on Guadalupe Island, Mexico.
This station represents the 24th and final cGPS station completed as part of the construction
phase of the TLALOCNet project.

●

Helicopter work for the PBO Alaska region began two weeks earlier than normal this year, to
facilitate resource sharing with Transportable Array and the Alaska Volcano Observatory. In
May, the PBO maintenance work began in SE Alaska and continued through Cordova before
taking a twoweek break. The work resumed again in midJune with maintenance in the Aleutian
chain, starting in Dutch Harbor. PBOAK field crews spent 4 days working on Akutan Volcano,
upgrading and repairing radio links and power systems. Another PBO field team met the
helicopter in Cold Bay to continue the maintenance work on Unimak Island. Weather was
favorable on most days allowing different parts of each island to be visited. The helicopter was
then released to USGSAVO for a number of days before rejoining PBO staff for more PBOrelated
work in Kodiak. Splitting time with USGS and IRIS saved the project money and provided a
periodic break for the field engineers.

●

The PBO Alaska office is also hosting a summer intern in 2016. Ellen Knappe, a PhD student in
geodesy at the University of Montana, has been a welcome addition to the Alaska office. Ellen has
previous experience working with UNAVCO following the Nepal earthquake last year and brings a
wealth of experience and knowledge to the team.
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Figure 22. UNAVCO summer intern, Ellen Knappe, doing maintenance on Unimak Island, AK.
2.2.1.2 Borehole Geophysics
The Borehole Geophysics group continued to maintain the borehole strainmeter sensors in PBO with an
operational status of more than 94% (project to date), with an operational status of 90.5% in Y3Q3. The
PBO BSM network functioned at a very high level. At the same time, UNAVCO led 6 borehole
installations outside the PBO footprint as part of the GeoGONAF project, near the Sea of Marmara in
Anatolia, and Istanbul, Turkey. The PBO borehole seismic network continues to perform above metric
with 95.1% uptime this quarter. Internal dataflow systems were hardened and virtualized last quarter.
Tiltmeters have recovered to just above the target uptime metric. We expect normal operations to
recover, with seasonal maintenance scheduled for Alaska, Yellowstone and Mt St Helens.
Table 22. PBO borehole geophysics network uptime over Y3Q3.
Borehole Strainmeter
Seismic
Number of stations
75
79
Uptime June 2016
89.9%
95.6%
Uptime Q3 FY2016
90.5%
95.1%
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Tiltmeter
26
76%
76.3%

Figure 23. PBO seismic network uptime time series from April 2009 through June 2016.

Figure 24. PBO Borehole strainmeter network uptime time series from April 2009 through June 2016.
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Figure 25. PBO tiltmeter network uptime time series from July 2012 through June 2016. Tiltmeter
network status is tracked on a quarterly basis.

Other highlights from Y3Q3 include:
●
●

●

●
●

●

●

●

BSM field engineers resolved 63 PBO BSM maintenance issues (29 on site and 34 remotely) with
30 field days in Q3 2016.
GeoGONAF update: One final trip is planned for July 2016 to repair the instrument cable at
HALK, connect the instrument at BUYA (which now has power), and fix the communications at
BZBN. It is expected that all stations except SIVR (which still needs power) will be online after
this trip.
Drilling of the DOE strainmeter borehole in Oklahoma was scheduled to start in late June 2016.
Three drilling companies were considered and one was found to be acceptable. Equipment and
vehicles were prepped and moved to Boulder. Unfortunately, the DOE had not approved the work
plan as of the target start date, and so the work was postponed. Currently the PI at Clemson is
attempting to find another acceptable driller with availability in the July/August 2016 timeframe.
Two BSM engineers assisted GPS summer fieldwork operations in Alaska.
Engineers discovered an issue with GTSM logger firmware versions 2.02.3 and later. It appears
the file storage configurations are not set properly, allowing the CF cards to fill up and stop
recording data. This issue was identified on 22 stations, and the settings were remotely corrected.
A new UNAVCOowned electricity meter was installed at B003. Previously power was drawn from
a house that is scheduled for demolition this year. Circuit breakers at the station were installed to
prevent the landowner, who also uses this electrical service as part of the permitting agreement,
from accidently tripping off the equipment.
The F350 parked in Rancho Cucamonga was transferred to the SW GPS region, and the tools and
equipment are now stored in the Southern California office. This consolidation will eliminate the
monthly parking fees for this truck.
Continued efforts to diagnose reparability and improve data quality issues at BSM stations.
Downhole measurements of resistance and capacitance were taken at six problematic stations to
definitively establish the functionality of the downhole equipment. Out of spec measurements
were found on one channel on B207, two channels on B082, and all channels at B206 and B950.
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The strainmeter at B206 has not recorded valuable data in several years, and should be
decommissioned.
Planned activities include:
●
●
●
●

Completion of uphole infrastructure at sites near Istanbul Turkey, closing out the construction
phase of the GeoGONAF project.
Continued efforts to improve data quality at poorly performing BSM sites. Currently working
through a list of stations with potentially resolvable (electronic) issues.
Improve/finalize list of sites by data quality and scientific priority, which will be used to focus
maintenance efforts for increased costeffectiveness.
Drilling and installation of GTSM in Oklahoma for the DOE.

2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego
Long baseline laser strainmeter (LSM) network performance and data quality were good overall this
quarter. Routine issues were addressed due to preparation and response of UCSD personnel. Data
processing, products and interpretation are discussed in section 3.3.2.
Table 23. LSM instrument performance metrics (percentage of data recorded at each site) this period.
CHL1

CHL2

DHL1

DHL2

SCS1

SCS2

Network Average

201604

98%

100%

97%

97%

99%

100%

99%

201605

96%

95%

99%

100%

100%

100%

98%

201606

100%

99%

84%

99%

99%

99%

97%

2.2.1.4 PBO Network Data Return and Data Quality
The PBO network data return target is 85% for all data types except for tiltmeters, for which data return is
on a best effort basis. The summary for all PBO sensor types is shown in Table 24. The time series for
data return percentage during the GAGE period is shown in Figure 27. This period, all PBO data types
met or exceeded the data return target except for tilt. Tiltmeter data return was higher this period
compared to last quarter however, as stations came back online following severe winter weather.
Table 24. PBO network cumulative data return percentage for quarter and since beginning of GAGE.
Pore
Borehole
Laser
Period
Target
GPS
Seismic
Tiltmeter
Strainmeter
Strainmeter
Pressure
GAGE
85%
95%
97%
96%
100%
70%
97%
Y3Q3
Cumulative
since
85%
96%
98%
99%
100%
89%
94%
201310

17

Figure 26. PBO network data return percentage from 01 October 2013 through 30 June 2016.
PBO network data return and data quality notes this period:
Borehole Strain
●

The strainmeter network passed the data quality metrics criteria during GAGE Y3Q3: 76% of the
network strainmeters are recording compression, 76% were relatively free of problematic steps and
94% and record a strong M2 tide. These percentages are similar to previous quarters. Five sites failed
the requirement to record teleseismic shear: B006 in the Pacific Northwest, B076 and B078 in
Parkfield, and B206 in Yellowstone have failed in previous quarters, B202 failed this quarter for the
first time as it was offline. B202 is on Mt St Helens, a difficult to access site.

Pore pressure
●

The overall pass rate for the data quality metric of tracking changes in barometric pressure was 96%
for Y3Q3, a significant improvement over Y3Q2 when it was 87%. Only one instrument failed, B082,
there is a known issue at this site, hydrological pumping into a nearby lake masks any coherence
between barometric and pore pressure change. B081, which failed the Y3Q2 metric because of a data
outage was subsequently repaired.

Tilt
●

The tiltmeter network cumulative data return percentage was 70% in Y3Q3, compared to 63% in
Y3Q2. The data quality pass rate for the tiltmeters increased from 62% in Y3Q2 to 69% in Y3Q3. The
primary reason for the 69% pass rate was data outage during the quarter. Tiltmeters AV14, AV25,
were offline in Alaska while B202, P690, P691, P693 and P698 were offline on Mt St Helens. Data
flow resumed from AV14 and AV25 in midJune 2016. Data also became available from several sites
sites that had been offline through Y3Q2; AV24, AV36, AV29 and AV39. Where data are available the
quality overall was quite good with an M2 tide identifiable in the power spectra at most sites. There
are data quality issues at B204 on Mt St Helens where rainfall induces a large signal but tides can still
be resolved. Tiltmeter AV29 on Westdahl usually fails the data quality metric but data collected so far
through July 2016 indicates improved performance of this instrument.
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The number and type of data quality metrics vary by data type. The summary for all PBO sensor types is
shown in Table 25. In this reporting period, all PBO data types exceeded data quality metric targets
except for tiltmeter.
Table 25. Network performance metrics for PBO: data quality.
PBO NETWORK PERFORMANCE: DATA QUALITY (Pass/Fail)
PBO GPS
PBO Borehole Strainmeters
PBO Shallow Borehole Tiltmeters
PBO Pore Pressure Sensors
PBO Long Baseline Laser Strainmeters

GAGE Y3Q3
PASS
PASS
FAIL
PASS
PASS

2.2.1.5 RealTime GPS Network Operations
The average completeness across the UNAVCO RTGPS network was 76% for Y3Q3, this is similar to that
of Y3Q2 (77%). Upper quartile latencies were higher throughout Y3Q3 than previous quarters, this may
have been a result of the problems observed in the Trimble PIVOT RTGPS software. It is noticeable that
when components of the software that were causing problems were turned off, the upper quartile latencies
improved. latencies. Completeness was lower in hard to access areas such as Alaska and Mt St Helens
(Table 26, Figure 28A and B). These issues remain under investigation at the close of Y3Q3 and we
anticipate that they will be resolved in Y3Q4.
Table 26. Realtime GPS network completeness and latency for GAGE Y3Q3.
Month
2016
04
2016
05
2016
06

Number
of Sites

Network
Completeness (%)

484

77

484

77

684

75

Average
Latency* (ms)

Median
Latency (ms)

25%
(ms)

75%
(ms)

732

362

221

806

771

357

227

1005

630

368

243

632

* Latencies are based on sites online during the quarter.
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Figure 27A. Realtime GPS latency during GAGE Y3Q3 plotted out to 1000 milliseconds.

Figure 27B. Realtime GPS latency during GAGE Y3Q3, across the western US, based on April 2016.
averages.
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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 29). UNAVCO
staff monitor station network connections, ship new equipment to site operators as necessary, and
construct new permanent sites as directed by JPL. UNAVCO staff work closely with local collaborators at
each station for the purposes of routine maintenance as well as troubleshooting when data flow is
interrupted, and perform field maintenance and upgrades.
Eightyeight receivers are monitored in the GGN, as 20 stations have multiple receivers connected to the
same antenna. Currently, 57 of the 59 GGN stations are fully operational and provide daily files to the
geodetic user community. YKRO is currently offline because of problems with the network access point.
Our local contacts have determined that the problem is due to the modem and are seeking a replacement.
STHL is online, although there are access problems that prevent JPL from connecting directly to the
computer. The issue appears to be with the local ISP. UNAVCO personnel are working with the ISP to
troubleshoot the problem. Fortunately JPL is still able to access the system indirectly for GNSS data
retrieval.

Figure 28. Operational state of the NASA GGN on January 1, 2016. Green indicates an operational
station, orange indicates a one week or less interruption in computer connectivity, red indicates a 12
week interruption, and grey indicates a 3week or longer interruption in data flow.
UNAVCO engineer Jacob Sklar visited GGN station GLPS in Puerto Ayora, Galapagos, Ecuador, in early
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June 2016 to meet with the new director of the Charles Darwin Foundation (CDF), the hosting
organization. A new MOU was agreed upon and signed, which extends UNAVCO’s official arrangement
with CDF for an additional five years; the MoU clarifies the roles and responsibilities of the two
organizations in the operation of the GGN station. Other notable accomplishments include replacing the
GLPS computer with a new Aleutia T2R system and moving it onto the CDF network, the clearing of
brush from around the antenna monument, cleanup and organization of the equipment room, and
establishment of roles for CDF personnel to aid in future troubleshooting and maintenance of GLPS
equipment in accordance with the MOU.

Figure 2–9. GLPS antenna before (left) and after brush clearing.
Historically GLPS has been telemetered through its own VSAT system, which is very expensive and
logistically difficult to service, as the equipment provider is based in the US. The move to the CDF network
is significant as it allows UNAVCO to terminate the contract with the VSAT system provider, thus realize
significant cost savings, and have the support of local IT staff. The CDF underwent a major overhaul and
upgrade in September 2015.
A new station installation to complement the aging monument at FAIR in Fairbanks, Alaska, is planned
for Y3Q4, and planning is well underway. The BLM permit has just been granted for the deployment to be
located at the NOAA National Environmental Satellite Data and Information Service in Fairbanks. This
new installation will also be an upgrade to the existing station, and will allow for nextgeneration,
multiGNSScapable instrumentation.
Finally, components for a solar/battery DC power supply have been received by the onsite collaborators
at station CGGN in Toro, Nigeria. In coordination with UNAVCO personnel, they will be installing the
new power equipment within the next month as their schedule permits.
NASA GGN Performance Metrics: Stations Monitored: 59; Receivers Monitored: 88; Troubleshoots: 95.
2.2.3 Polar Projects: POLENET
POLENET support is a yearround effort for the UNAVCO Polar team. With telemetered cGPS networks
in Greenland and Antarctica, the cycle of network monitoring, planning, preparation and fieldwork is
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continuous and ongoing. GAGE Y3Q3 GPS network activities for Polar Services were focused on managing
data flow and QC for both ANET and GNET sites, as well as preparing for the Antarctic 20162017 field
maintenance of ANET sites.

Figure 210. Polenet Station at Mt Howe, Antarctica. Photo by Nicolas Bayou, 2016.
There will be no 2016 GNET field season for site maintenance due to NSF funding constraints. As of the
end of Y3Q3, 92% of the GNET network was telemetering data, which speaks to the resilience of the
design. The lack of a GNET field season is not seen as a major risk to overall network performance this
year. Iridium communications continues to provide status of health on a daily basis for all of the stations.
Overall GNET data recovery, measured by data that reaches the UNAVCO archive, is currently at 89.4%.
For monthly averages, see Figure 212. 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 213.

23

Figure 211. POLENET/GNET network status since inception. Solid red area shows the number of stations
operating through time (42 at close of Y3Q3). Blue line shows percentage cumulative monthly data return.

Figure 212. GNET continuously operating GPS stations in Greenland.
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Support efforts for ANET focused on data retrieval and archiving in GAGE Y3Q3. By late in the quarter,
engineers were already preparing for the upcoming 20162017 ANET maintenance field season. Currently
87% of the network is telemetering data to UNAVCO. Secondary systems are expected to improve this
number as the ANET systems are designed with backup protocols that engage after 30 days with no
contact. While the Antarctic environment is particularly hard on the installations, most data issues are
related to satellite communications, and the sites not telemetering are often still operational and logging
data. The total number of core ANET sites is currently 45.
LARISSA (LARson Ice Shelf System), a sister network to POLENET, operating on the Antarctic Peninsula,
maintains 10 additional stations. Through a cooperative effort with the British Antarctic Survey (BAS),
two failed LARISSA sites were visited and repaired last quarter. These sites were located on the difficult to
access eastern side of the Antarctic Peninsula and are now operating optimally.
The average cumulative ANET data recovery, measured by data that reaches the UNAVCO archive, is
currently at 88.7%. For monthly trends see Figure 214. Figure 215 shows the locations of the ANET
network sites.

Figure 213. POLENET/ANET network status since inception. Solid red area shows the number of stations
operating through time (45 at close of Y3Q3). Blue line shows monthly data return percentage.
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Figure 214. Locations of ANET and LARISSA continuously operating GPS stations in Antarctica.
The Polar Network Science Committee (PNSC) met June 2829, 2016 in Fort Collins, Colorado, to review
the state of the POLENET network and to discuss the future of GNSS networks in Greenland and
Antarctica. The effort to scope future science that may benefit from the now mature network is ongoing.
One aspect of this next generation network involves procuring a very low power (less than 2 watts) GNSS
receiver to work at the core of the remote systems.
GNET Stations receiving field maintenance visits this quarter: 0
ANET Stations receiving field maintenance visits this quarter: 0
2.2.4 Network Engineering Support for Other Community GPS Networks
UNAVCO provides operations and management (O&M) support at various levels. GAGE Y3Q3 activities
included support to 910 continuously operating GPS stations in 63 different networks installed in support
of PI projects. Many of these stations continue to operate well beyond the original award period. The
O&M support includes data downloads, state of health monitoring and reporting, resolving
communications and equipment issues, shipping replacement equipment as needed, and working with
PIs and local contacts to resolve problems. UNAVCO, working closely with PIs and their collaborators,
provides this O&M support at three broad levels:
●

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

●

Medium– PI or collaborators download the data from the stations, monitor station data flow, and
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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 lowlevel of technical support. UNAVCO
does not monitor or download data from the stations. UNAVCO provides engineering and
technical support on a request basis.

The performance of each network varies greatly and primarily has to do with the method of data delivery
and funding status or local support of the cGPS network. Networks with stations that are online, with data
downloaded and archived by UNAVCO, service by engaged collaborators, typically show a higher data
return than those that are manually downloaded. Networks with GPS receiver that ar online typically
return some or all data, within the reporting period, in the 7585% range. In contrast, networks that are
in remote areas, not online, and only downloaded periodically, yield lower percentage or no recent data
returned for a particular quarter. During this reporting period the average data return for NSFEAR
funded networks was at 78%. The overall average for all networks was 68%.

2.3 PI PROJECT SUPPORT
2.3.1 EAR PI GPS Project Engineering and Equipment Support
UNAVCO provides stateoftheart GNSS equipment and engineering services to PI projects. This includes
project management (both GNSS and TLS), planning, installation, operations and maintenance of
continuous, permanent GPS/GNSS station networks around the globe. Engineers and technicians also
undertake technology development, testing, and systems integration to support new project demands.
2.3.1.1 GPS PI Project Support
In GAGE Y3Q3, there were 18 PI projects (6 NSFEAR, 0 NSFOther, and 12 Community) supported by
UNAVCO. Staff was involved in proposal development, project planning, network design, monument
design, equipment preparation and installation, and establishing realtime data flow. Additionally,
UNAVCO supported 11 new PI proposals (6 NSFEAR, 1 NSFOther, and 4 Community). During this
reporting period UNAVCO engineers responded to the April 16th, 2016 Mw 7.8 Pedernales Earthquake,
Ecuador. UNAVCO installed five new continuously operating GPS (cGPS) stations and the UNAVCO
archive is in the process of downloading and archiving 12 cGPS stations that existed in the region prior to
the installation of the 5 new stations.
2.3.1.2 GPS Instrument Pool
The UNAVCO GAGE receiver pool consists of 687 GPS or GPS/GNSScapable receivers (Figure 216). The
receiver pool consists of Trimble NetR9, NetRS and R7, Topcon GB1000, and Septentrio PolaRx5 and
APSRTK systems purchased by UNAVCO for use as both campaign instruments and to support specific
NSFEAR projects and thus are deployed in semipermanent installations. 20 Septentrio PolaRx5 systems
were delivered in GAGE Y3Q3. These will be used to support campaign projects and long term loans for
new PI projects. Additionally, NetRS receivers from PBO stations where PBO receivers were upgraded are
being used to support PI networks. This reporting period saw a continued high level of utilization of the
UNAVCO receiver pool with an average of 78% and a peak of 82% (Figure 217).
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Figure 215. UNAVCO NSFEAR receiver pool inventory from 01 October 2003 through 30 June 2016.
The metric reflects the number of receiver pool instruments. Note: the drop the number of units in 2006
is due the NSFPLR pool no longer being included in the metric.

Figure 216. UNAVCO NSFEAR receiver pool utilization from 01 October 2003 through 30 June 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 their latest GNSS
product, the NetR9, the UNAVCO community has purchased thousands of receivers through the UNAVCO
Community purchase program. With this program new receivers come with a fiveyear warranty with the
stipulation that repairs are handled by UNAVCO. This arrangement has brought the costs down for
equipment purchases and further enables GPS instruments to be used for longer periods of time. During
this Y3Q3 UNAVCO processed 42 Return Merchandise Authorizations (RMAs). This includes repairs for
GPS receivers, antennas, and surface meteorological packages. The repairs ranged from handling RMA
submissions to vendors to board level repairs. An offsite contractor is currently providing this PIsupport
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service to UNAVCO. In addition, UNAVCO provides office support to collaborators who perform repairs
to PI equipment in remote locations. These repairs usually consist of flashcard replacement n NetRS
receivers and repairs to antennas.
2.3.2 Polar Services

Figure 217. Regular seasonal support is provided for teams studying one of the southernmost active
volcanoes, Mount Erebus, Antarctica. UNAVCO support includes a telemetered network of cGPS stations
capable of running continuously year round. P
 hoto by Joe Pettit 2016.
UNAVCO provides broad support to PIs working in the Arctic and the Antarctic. This support can require
extensive field work, particularly in Antarctica, where travel is challenging. The Polar Services FTE count
is currently six, with five engineers and one project manager. Polar Services staff was reduced by one FTE
this quarter. All 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, with significant overlap. While the full force of the Antarctic
field season doesn’t get underway until the first quarter of the year, UNAVCO provides year round support
to the ANET network and the LARISSA network located on the Antarctic Peninsula. Access to the
Antarctic Peninsula is viable nearly continuously, so it is possible to work with PI projects in this region at
almost any time. The limitation is transportation and sea ice coverage, which impact the eastern side of
the peninsula more significantly. Early project starts are now more common for the Arctic and the
Antarctic than even a few years ago. As projects grow larger and more complex, the Polar team at
UNAVCO spends more time working on instrumentation preparation and PI planing for both
hemispheres year round.
UNAVCO supports diverse science in the polar regions, including geodesy, geology, glaciology,
volcanology and oceanice interfaces. In addition to network monitoring, UNAVCO engineers provided
support to 14 Arctic PI projects this quarter. Terrestrial Laser Scanning (TLS) support was given to two
Arctic projects in GAGE Y3Q3. UNAVCO engineers employ both the longerrange Riegl VZ2000 scanner
and a shorterrange VZ400 for polar field applications. This suite of scanners enables a broad range of
uses, including small scale volumetric estimates and change detection.
The Polar team supported 31 Antarctic campaign projects of varying complexity during the last Antarctic
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field season, and are preparing support for 26 during the upcoming field season. Support required
UNAVCO engineers to travel into to remote locations across the Antarctic continent.
UNAVCO monitors and maintains several nonPOLENET GPS networks in the Arctic and the Antarctic
and also maintains GPS reference stations and forwarddeployed equipment at multiple locations. In the
Arctic, these can be found at Barrow, Atqasuk, Toolik camps in Alaska and Summit Station in Greenland.
In Antarctica, these are found at three continuously operated US research stations: McMurdo Station,
Palmer Station and the AmundsenScott South Pole Station. Currently there are 125 GPS receivers in the
Arctic pool and 208 systems in the Antarctic pool. Many of these are deployed year round in support of
continuous stations in Greenland and Antarctica.

Figure 218. UNAVCO field team members on site to repair ANET station LWNO. Photo by Joe Pettit,
2016.
The Polar Projects Support manager provided supporting documents, including budgets and letters of
support to 16 PIs submitting to the NSF solicitation for Arctic and Antarctic research opportunities.
2.3.3 Geodetic Imaging (TLS)
Geodetic Imaging TLS activities during the GAGE Y3Q3 period included engineering support for PI
projects, planning support for PI proposals, education and outreach, and resource development. 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). Field engineering support from the PI Projects groups varies as
a function of TLS field project demand. In GAGE Y3Q3 a total of 15 TLS projects and proposals (3
NSFEAR, 1 NSF Other, 6 Other Community, 3 PLRArctic, and 2 NSFAntarctic) were supported by the
Geodetic Imaging program (Figure 221).
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Figure 219. Number of TLS projects and proposals supported by UNAVCO through June 30, 2016. Note:
this plot shows the number of projects per program year or partial year, including a transition from
December end to September end during 2013. The final bar in this figure shows metrics for the current
program year to date only, from October 2015 through June 2016, which is only three quarters.
To meet the needs of a growing and diversifying TLS user community, UNAVCO is actively developing
training resources and documentation to support Earth science TLS users. The TLS Knowledgebase
provides resources with a focus on software tutorials and training:
http://kb.unavco.org/kb/category/geodeticimaging/165/
During the Y3Q3 period, activities were undertaken to maintain the TLS instrument pool. The VZ4001
instrument underwent an inspection by Riegl USA, which led to the need for instrument service at the
factory in Horn, Austria (service is ongoing as of this report). In addition, the Final and Outcomes Reports
for the TLS Instrument Acquisition award (EAR1261653) entitled “Acquisition of Next Generation
Terrestrial Laser Scanning Systems for Community Earth and Polar Science Research,” were submitted on
June 30, 2016 and approved by NSF on July 5, 2016.
Also during this reporting period UNAVCO Geodetic Imaging staff initiated support for a pair of
GeoLaunchPad interns who will be working on TLS instrument range accuracy validation. This work
follows on the efforts of 2015 GLP interns who began to explore this topic. Imaging staff also provided
TLS demos and introduction to the technology for USIP and RESESS interns during the reporting period
as well.

2.4 DEVELOPMENT AND TESTING
The GAGE Facility Development and Testing effort is staffed by 2.75 FTE at the Project Manager III,
Engineer III and Engineer II levels, and now also incorporates the PBO BSM and GPS testing efforts. Ad
hoc contributions to individual D&T projects from other UNAVCO groups have been critical to the effort,
with individuals participating in projects of direct interest to their operational efforts. The ongoing
development of te c software and implementation of serverbased realtime GPS positioning capabilities
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in close collaboration with GDS are important ongoing projects undertaken by the D&T staff. Under
guidance from the Development and Testing Product Council, the group’s activities continue to be
oriented toward three important strategic goals: development of battery monitoring tools, which can help
realize economy and efficiency of field operations; evaluation of cellular data communications systems
suitable for use anywhere in the world; and evaluation of realtime positioning methods, both receiver
and serverbased, for use in earthquake early detection and other monitoring applications.
The D&T group continues to lead the effort of integrating the new PolaRx5 GNSS receiver into UNAVCO’s
GNSS 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. Thirteen PolaRx5 receivers have been installed at PBO
stations to date, with no issues or complications reported. The first beta firmware version with BINEX
data logging capability was received at the end of Y3Q3 and evaluation of this and other new features is
underway. BINEX streaming capability will follow in the next beta release, with finalization of the
product likely by the end of Y3Q4. Septentrio’s first alpha implementation of archival quality streaming
capability, based on rsync, was also delivered at the end of Q3, and testing will continue in the coming
weeks in collaboration with the realtime GPS group.

Figure 220. US Department of Transportation Adjacent Band GNSS Receiver Testing setup inside the
anechoic chamber at the Army Research Laboratory, White Sands Missile Range, NM, on April 27, 2016.
Development and Testing Engineer Henry Berglund is fourth from the right in the back of the photo.
As part of the ongoing effort by Ligado Inc (formerly known as LightSquared) to license spectrum in the
Mobile Services spectrum (MSS) Lband, adjacent to the GNSS L1 frequency, for a new cellular
communications network, numerous government and private agencies have been conducting tests to
assess the effects of such transmissions on GNSS hardware. UNAVCO, along with other agencies
including NGS, USGS, and JPL, participated in a weeklong test at the Army Research Laboratory’s
anechoic chamber at the White Sands Missile Range, New Mexico, in April 2016.
The tests were organized and sponsored by the US Department of Transportation, and representatives of
hardware manufacturers including Trimble, Garmin, NovAtel also participated. Neutral observers from
DoT, MIT’s Lincoln Labs, and the FAA were in attendance to ensure the impartiality and technical efficacy
of the testing. UNAVCO tested the Septentrio PolaRx5 in two configurations, a Trimble NetRS and
NetR9, while our NGS, USGS and JPL colleagues tested other receivers commonly used by UNAVCO and
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IGS networks such as Topcon, Leica, and Javad. Interference of varying power and frequency was
broadcast in the chamber on top of a repeated recorded livesky GPS L1 and L2 signals, with the results
intended to determine the threshold of power and frequency that would have harmful effects on hardware
performance.

Figure 221. Effects of adjacent band L1 interference of varying power and frequency on the Trimble
NetR9 (left) and Septentrio PolaRx5 (right) receiver, as measured in the White Sands Missile Range
anechoic chamber on April 26., 2016. The PolaRx5 is superior in its ability to reject interference while
suffering signal loss only at higher interference power.
While the results are clear in terms of the effects that interference has on GPS tracking and SNR (Fig.
222), there is no agreement as yet on what constitutes “harmful.” Most user groups consider the drop of
SNR of 1 dB*Hz to be harmful, while Ligado contends that a looser criterion should be used. UNAVCO’s
results show that a small drop in SNR would not be harmful to our operations, but we will continue to
participate in conference calls and discussions to ensure that the UNAVCO Community’s interests are
represented. UNAVCO filed a comment with FCC discussing our concerns and preliminary results of the
WSMR testing. The figures above show the responses of the PolaRx5 and NetR9 receivers to one set of
interference broadcasts, with the PolaRx5 showing vastly superior performance.
The D&T Performance Metric for Y3Q3 included nine Development and Testing Projects in progress, and
one project completed.

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 and completed a rigorous predeployment testing
regime. Significant progress was made toward completing all uphole infrastructure for the 6 GeoGONAF
BSM instrument packages in Turkey, although additional work remains to complete this network and
move towards full operational capability as designed. At the close of Y3Q3, civil unrest has been
significant in Turkey, and our planned field activities have been placed on indefinite hold until the
situation stabilizes. COCONet and TLALOCNet construction continues to move forward. A request for an
NSFapproved NCE for COCONet was recently approved by NSF. Residual funds, combined with a $94K
Supplement to the GAGE Facility Cooperative Agreement in Y4 will be used to complete the remaining 4
installations and maintain data flow, archiving, and processing through August 2017. NSF provided
support for a fourth COCONet Community Workshop occurred in GAGE Y3Q3 (May 35, 2016 in Punta
Cana, DR). A draft Final Workshop Report was made available for comment by participants on July 25,
2016. We remain ahead of schedule for TLALOCNet installations. At the close of Y3Q3, the the GI group
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headcount was 41 with 39.75 FTE, down 1.0 FTE, with the loss of a Polar Services Technician. We do not
anticipate hiring a replacement at this time.

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 highrate data streaming in real time (RTGPS)),
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 stateofhealth monitoring); data management and archiving (distribution and curation);
cyberinfrastructure; and information technology (systems and web administration). In order to perform
this mission, GDS maintains a technical staff, onsite and offsite computer facilities with networking,
servers and disc storage, and manages a number of subawards to university groups who provide
additional products, software and training.
Some highlights of activities for the GAGE Y3Q3 quarter include:
●

The total volume of data archived (all sensors) is now over 223 TB (including 9.8 TB of ALS data
archived at OpenTopography/NCALM). The total volume of data archived this quarter, 28.2 TB,
was 9.1 TB greater than last quarter, due primarily to higher volumes of SAR data added as well as
to increased volume of RTGPS data.

●

The total volume of data delivered to users this quarter, 23.6 TB, was 7 TB less than last quarter.
However, the volume of deliveries this quarter is artificially low (by several TBs at least) due to
issues with tracking RTGPS metrics.

●

There were an estimated ~2,971 unique data users this quarter, ~ 70 more than last quarter.

●

Twelve custom requests for high rate GPS data downloads were supported this period, including 4
event responses following earthquakes in Alaska, Nicaragua, California and Mexico. One of the
nonevent custom requests was to support an airborne lidar survey of the entire west coast of the
U.S. from the borders at Mexico and Canada, funded by NOAA, USGS and USACE and managed
by Towhill, Inc.

●

Four fully processed high rate (1sps) borehole strainmeter data sets were generated this period in
response to earthquakes in Japan, Ecuador, Visokoi Island and California.

●

The GAGE GPS Analysis Centers (ACs) and Analysis Center Coordinator (ACC) processed data
and provided products from 1,914 GPS stations this quarter.

●

Three new GPS stations we re added to the analysis stream this period.

●

Six GPS campaigns and 13 TLS campaigns were archived this period.

●

Significant time and effort was devoted to final preparation of a manuscript on GAGE GPS
processing and products to be submitted to the journal  evie s o Geophysics. Daily conference
calls were conducted throughout much of this quarter, with participation from MIT, NMT, CWU
subaward personnel as well as UNAVCO Data Products personnel. Highlights from a discussion
in this manuscript regarding monument type stability are provided below, with statistics of
stations by monument type indicating that deepdrilled braced monuments followed by
shallowdrilled braced monuments have the smallest WRMS scatter and Horizontal Random
Walk (HRW) values suggesting that these monuments are more stable than other types.
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●

New PBO station ACSX was brought online with a Septentrio PolaRx5 receiver; data handling for
this station as well as the ongoing set of sites upgraded with the PolaRx5 receiver has generally
been smooth. Numerous refinements to Septentrio data handling were implemented.

●

A new tray of disks for the Oracle Storage Area Network (SAN) appliance has been delivered and
configured. This tray will supply 80 TB of storage for adding to the online longterm archive
primary copy. The current SAN appliance being used for this primary storage, with 55 TB capacity
is 92% full; the transition to utilizing the new appliance will take place in the coming quarter.

●

A new release of UNAVCO’s TEQC software for GNSS data preprocessing was announced this
quarter.

●

The archived volume for high rate GPS data for the quarter was 2.41 TB, the highestever
quarterly total. The increased volume is related to more stations continuously recording 1 Hz
data, including 197 stations that were added to the realtime system this quarter. Event response
downloads including 5 Hz data also contributed.

●

The number of RTGPS stations dramatically increased this quarter when 197 GPS stations were
added to the realtime system in June 2016, bringing the total number of RTGPS stations to
~684.

●

As noted, RTGPS metrics were artificially low this quarter due to technical issues that were
ongoing at the end of Y3Q3. Reported data delivery volumes were lower due to the database
being unavailable through June. The volumes for May may also have been affected by the user
authentication issues.

●

There was a notable increase in the number of pore pressure data users this quarter, especially in
the months of May and June, for a total count of 140 unique 2nd level domains during Y3Q3. This
is compared to an overall average of 9 unique 2nd level domain users per month since the
beginning of GAGE. Most users are not identifiable.

●

All strain, seismic, tilt meter and pore pressure metrics reported this quarter were obtained from
the new metrics dashboard, The automated metrics tracking and reporting system continues to
evolve.

●

The new archive software development effort continued in Y3Q3 with the development of a data
upload or submission interface, creation of automated usage metrics, and DOI minting for all
existing data sets. In an effort to align TLS data archive with UNAVCO best practices, we are
maintaining an offsite backup of the TLS archive using Amazon’s Glacier cloud storage service.

●

The volume of SAR data archived in Y3Q3 was greatly increased (~23 TB) due to data from
ALOS2/JAXA proposals. JAXA provides 50 scenes per year for PI proposals and there was a
large surge in data ordered by PIs. Some ALOS2 data files are 5060GB each, which accounts for
the large volume of data.

●

The volume of SAR data deliveries was also large in Y3Q3 (8.7 TB), continuing the surge first
noted in Y2Q3. These increased volumes were associated with ALOS2 and TSX data downloads.

●

The documentation for repository managers using Dataworks for GNSS was updated during April
in preparation for the Dataworks Introductory Short Course presented in May at the COCONet
Workshop in Punta Cana, Dominican Republic. In addition, the Amazon Virtual Machine Image
method of implementing Dataworks was thoroughly tested and documented, and the Dataworks
web presence on the software section of the UNAVCO website was updated.

●

The installation of a redundant fiber was completed in May. This will allow UNAVCO to continue
operations and provide services over the Internet when fiber transport services are not available
from Level 3 or Internet services are lost with Front Range GigaPop due to an outage.

●

UNAVCO IT staff addressed two email security incidents in Y3Q3.

●

Modifications were made to the travel authorization system to better handle authorizations and
international travel.

●

With the completion of testing, a single signon server has been deployed to production. This will
initially be used for some internal tools that require logins.
35

●

An open source package called RunDeck was deployed and tested to help with the organization
and execution of Linux cron jobs.

●

The development team has completed their work on the mailings page that will be used for
landowner outreach and renewal of permits. The mailings contain information on the landowners
GPS site, including site motions with a comparison of other sites close by. A different mailing will
be sent to those landowners whose property contains a borehole.

GDS data metrics are summarized below in Tables 31 and 32.
Table 31. Geodetic Data Services metrics for GAGE facility.
GEODETIC DATA METRICS: SUMMARY OF KEY METRICS
Campaigns Archived  All Sensors (Qty)
Permanent Stations Archived  All Sensors (Qty)
Data Volume Archived  All Products (GB)
Data Volume Delivered  All Products (GB)
PBO Data Volume Archived  All Products (GB)
PBO Data Volume Delivered  All Products (GB)
CAMPAIGNS ARCHIVED (QTY)
GPS
TLS
PERMANENT STATIONS ARCHIVED (QTY)
GPS  All sample rates and delivery methods
GPS High Rate (1Hz and Higher)
Delivered via Stream
Delivered via Download, Continuous
Delivered via Download, Intermittent
Seismic
BSM
Tilt
Pore Pressure
LSM
TOTAL STATIONS W/ DATA MAINTAINED IN ARCHIVE (QTY)
GPS  All Stations with Data
GPS  All Campaigns with Data
GPS  All Permanent Stations with Data
Seismic
BSM
Tilt
Pore Pressure
LSM
DATA VOLUME ARCHIVED (GB)
GPS  All sample rates and delivery methods
GPS Standard Rate
GPS High Rate
GPS Data Products (Level 2 and higher)
Seismic
BSM Raw Data
BSM Data Products
Tilt
Pore Pressure
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GAGE Y3Q3
19
2,989
28,208
23,547
3,895
10,784
GAGE Y3Q3
6
13
GAGE Y3Q3
2,768
717
418
155
144
83
83
26
23
6
GAGE Y3Q3
13,071
997
3,304
84
84
27
23
7
GAGE Y3Q3
4,515
1,330
2,410
775
246
92
2.3
1
2

LSM Raw Data
LSM Data Products
SAR
TLS
DATA VOLUME DELIVERED (GB)
GPS  All sample rates and delivery methods
GPS Standard Rate
GPS High Rate
GPS Data Products (Level 2 and higher)
GPS Real Time Streams
Seismic
BSM Raw Data
BSM Data Products
Tilt
Pore Pressure
LSM Raw Data
LSM Data Products
SAR
TLS
DATA USERS (MONTHLY AVERAGE, QTY)
GPS Standard Rate (unique IP s)
GPS High Rate (unique IP s)
GPS Data Products (unique IP s)
GPS Real Time Streams (active registered users)
Seismic (2nd level domains)
BSM Raw Data (2nd level domains)
BSM Data Products (2nd level domains)
Tilt (2nd level domains)
Pore (2nd level domains)
LSM Raw Data (2nd level domains)
LSM Data Products (2nd level domains)
ALS (unique users reported by OpenTopography)
SAR (active registered users)
TLS (unique IP s)
CUSTOM HIGH RATE GPS DATA REQUESTS THIS PERIOD (QTY)
Event response
Total
NSF & NASA COMMUNITY SOFTWARE (QTY)
TEQC downloads
TEQC information requests
ISCE downloads

3
0.009
23,217
130
GAGE Y3Q3
11,939
6,677
1,578
1,035
2,649
2,469
77
183
2.8
94
0.26
0.0
8,655
127
GAGE Y3Q3
2,048
60
131
88
103
32
36
8
34
6
4
125
26
6
GAGE Y3Q3
4
12
GAGE Y3Q3
11,303
190
349

Table 32. Geodetic data metrics for PBO network.
PBO DATA VOLUME ARCHIVED (GB)

GAGE Y3Q3

PBO GPS

3,482

PBO GPS Standard Rate

577

PBO GPS High Rate

2,130

PBO GPS Data Products (Level 2 and higher)

775
37

PBO Seismic

317

PBO BSM Raw Data

88

PBO BSM Data Products (Level 2 and higher)

2.3

PBO Tilt

1

PBO Pore Pressure

2

PBO LSM

3.0

PBO LSM Data Products (Level 2 and higher)

0.0

PBO DATA VOLUME DELIVERED (GB)

GAGE Y3Q3

PBO GPS

8,071

PBO GPS Standard Rate

2,810

PBO GPS High Rate

1,577

PBO GPS Data Products (Level 2 and higher)

1,035

PBO GPS Real Time Streams

2,649

PBO Seismic

2,378

PBO BSM Raw Data

73

PBO BSM Data Products (Level 2 and higher)

183

PBO Met

16.0

PBO Tilt

2.8

PBO Pore

60

PBO LSM Raw Data

0.3

PBO LSM Data Products (Level 2 and higher)

0.02
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Figure 31. Cumulative total UNAVCO data volume archived from 01 January 2004 through 30 June
2016. More than 223 TB of data have been archived including >28 TB in Y3Q3 and >122 TB since the
beginning of GAGE.

39

Figure 32. Cumulative PBO data delivered from 01 October 2004 through 30 June 2016. More than 281
TB of PBO data were delivered to users during this time, including 11+ TB in Y3Q3 and 137+ TB since the
beginning of GAGE.
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Figure 33A. Number of UNAVCO data users by quarter from 01 January 2009 through 30 June 2016,
including 2,970+ users this quarter. The method of counting users varies by data product, for example by
unique IP address, second level domain or active registered user. Values in this figure are consistent with
the user count method given in the Data Users section of Table 31.

Figure 33B. Number of GAGE borehole geophysics data users (by second level domain) from 01 October
2013 through 30 June 2016. This is a detailed view of the quarterly metrics shown for all data users in
Figure 33A.

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 31). Staff with responsibilities for data and metadata flow focus on timely handling of
operational flow and any issues as they arise.
Modifications to software supporting the automated collection of receiver sample data were required to
support the initiation of deployment of Septentrio receivers to the field. Changes were made and
deployed to production for the hourly/daily collection software, the database supporting these stations
(POD) and the software responsible for tracking receiver metadata (MDM). The hourly/daily collection
software was initially developed to support PBO deployment and had assumptions about receivers and
sampling rates. As a result of these assumptions along with file naming conventions used on the
Septentrio, more changes were required than initially estimated. Future work is still needed to collect and
backup configuration data stored on the receivers.
Last quarter improvements to the Iridiumbased polar data download software and systems was reported.
Progress was made on configuration of the failover server to handle Iridiumbased data flow, in case of an
outage of the primary server. Still remaining is obtaining required I/O cards for the failover server.
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3.2.2 Campaign Data Flow
Six GPS campaigns and 13 TLS campaigns were archived this period (Table 31). Sixteen GPS campaign
remain in varying states of completion; completion of these is stalled due t0 missing data or information
from the contributors. Improvements to campaign request handling to make the process more fully
automated have been tested. One further improvement to the Data Archive Interface is required to make
the full set of improvements operational.

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 1,914 GPS stations in the PBO, COCONet, GAMA and SCIGN
networks as well as NGS CORS and other regional stations in middle and eastern North America.
Eighteen new GPS stations, primarily from TLALOCNet, were added to the processing stream this period.
Routine data processing and product operations were stable this period. In addition to regular monthly
analysis operations conference calls attended by UNAVCO and AC/ACC personnel, the GAGE GPS
analysis paper writing team participated in daily to weekly conference calls throughout the quarter in
order to finalize the manuscript. The manuscript will be submitted by July 18, 2016.
High rate (1Hz and 5Hz) 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.

●

Several new stations were added to the processing stream.

●

Conducted a phase quality and cycle slip analysis of UNAVCO s new Septentrio PolaRX5 receiver
now running on a splitter. Discovered issues with how the Septentrio flags slip and
communicated these findings to UNAVCO Development and Testing personnel; otherwise
receiver has lower phase residuals in comparison to the R9.

●

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

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.

●

Several new stations were added to the processing stream.

●

Updated GAMIT/GLOBK analysis package version 10.6 to include new antenna models.

●

Systematically examined phase residuals at each station to help identify problematic station
antennas, high multipath environments, and changing conditions at sites. An incorrect antenna
assignment at P314 produced no unusual phase residual patterns.

●

Installed GAMIT/GLOBK processing software and AC operation scripts on an 8cpu Virtual
Machine at the UNAVCO Facility. This VM will provide minimal but sufficient capabilities to
perform the routine processing required by the AC. The VMprocessing results compare well with
the NMTcluster results, although small differences (e.g., submm in position estimates) remain.
We are currently evaluating the source of these small numerical differences, mostly likely due to
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the compilers used on each system. The VM will be used when the primary AC processing cluster
is anticipated to be moved to the UNAVCO facility this calendar year.
●

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

3.3.1.3 GPS Analysis Center Coordinator Subaward: Massachusetts Institute of Technology
evel 2 roducts. Routine combination of final and rapid level 2a products was stable, including 12 and
26week supplemental solutions. During this quarter 1,914 sites were processed (compared to 1,913 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
13 March 2016 to 18 June 2016.
Analysis o Final roducts. 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 analysis of PBO north and east
components. The vertical RMS scatter is less than or equal to 4.5 mm and as low as 3.9 mm. Seasonal
changes in atmospheric delay properties will introduce small variations in these values 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.
This quarter there were 2,183 sites in these analyses, 28 more stations than last quarter. Offsets are
estimated for antenna changes and earthquakes. Annual signals are estimated and for some earthquakes,
logarithmic postseismic signals are also estimated. A direct comparison of the NMT and CWU solutions
shows the weighted rootmean square (WRMS) difference between the two velocity fields is 0.08 mm/yr
horizontal and 0.74 mm/yr vertical in direct difference of all sites with in 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.
Earth ua e Analyses. The NEIC catalog was used to search for earthquakes that could cause coseismic
offsets. Ten earthquakes in the period from 20160301 to 20160531 were analyzed. None of these
earthquakes generated measurable coseismic offsets at the sites including the 20160610 M5.2 Borrego
Springs event.
BO ata rocessing ublication. T. Herring continued to provide the bulk of new and updated content
for the GAGE GPS analysis paper this quarter. Significant contributions were also made by M. Floyd.
Comparison on di erent monument types. Note: the following information is based on information
prepared by Herring et al., for the manuscript being submitted to  evie s o Geophysics. The GAGE
analysis includes stations that use many different types of monuments. The stations installed as PBO
stations were mostly deepdrilled braced and shallowdrilled braced monuments. These types of
monuments were also used at a number stations from other networks that are included in the GAGE
analysis. There are also a variety of other types of monuments used and for some stations the type of
monument has not been included in the station metadata. The large number of stations and long data
spans of the results presented here allow us to derive some basic statistical information about the position
time series associated with different types of monuments. Previous studies have also examined the
character of position time series associated with different monument types [e.g., Beavan, 2005; Williams
et al., 2004] and have concluded based on smaller datasets than processed here that deepdrilled braced
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monuments are more stable than other types of monuments. Our study supports that conclusion although
much more detailed studies are possible. In Table 33, we present basic statistics of the position time
series of stations with different monument types as recorded the UNAVCO data archive. Not all stations
processed by GAGE are in the data archive. The table gives the WRMS scatter of the position residuals in
north (N), east (E) and up (U) after fitting to our standard parameterization (see Section 3) to the time
series. The table also includes the statistics of the estimates of the random walk process noise values for
the horizontal coordinate. The latter statistic is used to characterize the longer period systematic trends in
the data. The table gives the median and 95% quantile ranges of the statistics.
Caution should be used in interpreting the values in the tables because there are many contributions to
the noise in the position time series other than monument stability. There are geographic dependencies to
the noise in the position time series reflecting the effects of levels of vegetation and tropospheric water
vapor variations. Station behavior will also depend on the material into which the monument is installed
(e.g., sediments versus bedrock) and the detailed geology of each station is difficult to obtain.
Nevertheless, Table 33 shows that deepdrilled braced followed by shallowdrilled braced monuments
have the smallest WRMS scatter and HRW values suggesting that these monuments are more stable than
other types. UNAVCO also collects data specifically aimed at comparing the relative motions between
nearby monuments of different types (station separations of less than a few meters). The analysis of these
data will be published elsewhere but the time series for these stations appear in the standard products.
The monument comparison sites are P591/P811/P812, P565/P809/P810, P804/P805/P806,
P453/P813/P814 and P401/P815/P816. Differential motion between the stations at each site can be seen
but these relative motions are often small compared to longer period systematics in the time series again
indicating that the simple interpretation of Table 6 does not convey the full complexity of monument
stability versus other sources of noise in position time series.
Table 33. Statistics of stations by monument type.
Monument type

# of
stations

Median N
WRMS
(mm)

Median E
WRMS
(mm)

Median U
WRMS
(mm)

Median
HRW
(mm2/yr)

Deepdrilled braced

694

0.93

0.97

4.87

0.107

Shallowdrilled braced

550

1.11

1.19

5.22

0.146

Building roof/wall

135

1.38

1.52

6.15

0.424

Pillar

103

1.50

1.49

5.98

0.254

Miscellaneous

258

1.29

1.34

5.83

0.362

95%
WRMS N
(mm)

95%
WMRS E
(mm)

95%
WRMS U
(mm)

95%
HRW
(mm2/yr)

Deepdrilled braced

694

2.18

2.39

6.94

3.274

Shallowdrilled braced

550

3.77

3.37

9.74

7.331

Building roof/wall

135

3.09

3.82

10.43

17.798

Pillar

103

5.04

3.86

15.22

10.11
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Miscellaneous

258

4.63

3.94

10.30

21.349

3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of
Technology
During this quarter MIT made only minor changes to GAMIT to clean up reporting features and add new
receivers and antennas. MIT began work on the coding of a yaw model for Beidou, to be followed by a
model for Galileo. A primary task for the next quarter will be coding ambiguity resolution for Glonass
FDMA observations, the last major hurdle before releasing a version of GAMIT/GLOBK that will handle
RINEX 3 and twofrequency observations for GPS, Glonass, Beidou, and Galileo, the GNSS constellations
capable of highprecision geodetic measurements. There were no UNAVCOsponsored dataanalysis
workshops during this period, but MIT personnel spent 510 hours per week in email support of users.
During the quarter MIT issued 32 royaltyfree licenses to educational and research institutions.
3.3.1.5 Custom GPS Data Product Requests
UNAVCO supported 12 PI custom requests for high rate (1Hz or greater) GPS data downloads this
period, including event responses following four earthquakes:
●
●
●
●

M6.2  100 km NNE of Chignik Lake, Alaska, 20160401 05:50:00 (UTC)
M6.1  17 km E of Puerto Morazán, Nicaragua on 20160610 at 03:25:22 (UTC)
M5.2  20 km NNW of Borrego Springs, California on 20160610 12:09:02 (UTC)
M5.7  18 km NNE of Pinotepa de Don Luis, Mexico on 20160627 at 20:50:34 (UTC)

As reported above, nonevent requests were related to airborne lidar surveys, including two projects flown
by NCALM; three USGS earthquake response preparedness exercises in northern California; NOAA NGS
and USFWS surveys, and an airborne lidar survey of the entire U.S. Pacific coast from Mexico to Canada
flown by Towhill, Inc. and funded by NOAA, USGS and USACE.
3.3.2 Strain, Seismic and Tiltmeter Data Processing and Products
UNAVCO processes data and provides products for borehole strainmeters, seismometers and tiltmeters in
the PBO network. Routine data processing and product operations were stable this period. Four fully
processed high rate (1sps) borehole strainmeter data sets were generated this period for the following
earthquakes, with these data being made available within 48 hours of the event and posted on the
Geophysical Event page.
● M7.0  1km E of Kumamotoshi, Japan, 20160415, 16:25:06 UTC
● M7.8  27km SSE of Muisne, Ecuador, 20160416, 23:58:36 UTC
● M7.2  53km NNE of Visokoi Island, South Georgia, 20160528, 09:46:59 UTC
● M5.2  20km NNW of Borrego Springs, California, 20160610 12:09:02 UTC
UCSD, through 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. The evolution of a number of transient earthdeformation
signals reported previously continued to be recorded this period.
UCSD personnel analyzed strainmeter data from the time of the 20160610 M5.2 Borrego Springs
earthquake. At least two strainmeter sites (Pi on Flats Observatory, PFO and PBO s borehole strainmeter
B086) recorded a postseismic signal too large to be typical afterslip associated with this earthquake. The
sites are 10 km apart, suggesting broadscale deformation, possibly the result of a triggered slowslip
event. The pairs of PBO LSM stations at SCS and DHL, farther away and southeast of the earthquake, do
not show any significant postseismic signal, providing a strong constraint on the regional deformation.
Figure 34 (left) shows fault, earthquake and strainmeter locations. Strainmeter results in Figure 34
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(right) were processed to emphasize any postseismic signal (earthquake and coseismic signals were
suppressed, tidal response and slope were removed). The results show localized ongoing postseismic
deformation.

Figure 34. Left: map showing location of 20160610 M5.2 Borrego Springs earthquake, historic
regional earthquakes, faults, and strainmeter sites. Right: strainmeter data processed to emphasize any
postseismic signal (earthquake and coseismic signals suppressed, tides removed, and a slope
subtracted from the borehole recordings) shows evidence for a period of localized ongoing deformation.
Prepared by F. Wyatt (UCSD).
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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Development of a new TLS data archive system is nearing completion and was showcased at the UNAVCO
Science Workshop. The system enables archiving and sharing of higherlevel data products generated
from UNAVCO collected TLS data. We anticipate community members uploading derived products such
as DEMs to the archive so that they receive a DOI for citation, and are properly archived.

3.4 DATA MANAGEMENT AND ARCHIVING
3.4.1 GPS/GNSS
The Data Center provides a secure longterm archive for data, data products, and metadata from GNSS
instrumentation, and makes data available to the scientific community and the public. User interfaces,
APIs, and software tools that facilitate data search and access, data handling, and visualization are
provided to support full utilization of the data assets. Data publication with digital object identifiers
(DOIs) is routine for most data sets.
One 75% time Software Engineer III retried in Y3Q3. This position was funded through a combination of
GAGE and separate NASA and NSFfunded projects. There is no plan to open a position in response to
this departure at this time. The opening due to staff departure reported in Y3Q2 remains unfilled, though
posting, screening, and interviewing has continued. The current curtailed staff means that several priority
software development projects are on hold.
Data archiving and distribution is an operational activity that continues to grow, with a total of 17 stations
added for archiving from PBO, COCONet (Caribbean), Nepal, Telica Volcano, Ecuador, GGN, IGS, and
Arctic PI networks. There was continued data archiving in support of the Gorkha earthquake response
including adding three stations for archiving.
New PBO station ACSX was brought online with a Septentrio PolaRx5 receiver; data handling for this
station as well as the ongoing set of sites upgraded with the PolaRx5 receiver has generally been smooth.
In anticipation of a wide range of possible Septentrio data delivery configurations (e.g. file naming
conventions, sampleinterval, file delivery interval, raw vs BINEX format, merging of subdaily to daily
files) numerous refinements to Septentrio data handling were implemented.
In ongoing software development activities related to the deployment of the Septentrio PolaRx5 receiver,
archiving staff members have continued to work directly with Septentrio for nailing down new or updated
BINEX records to be delivered directly for the PolaRx5 receiver. This involves nearly daily email
interactions with Septentrio staff, close interactions with the GI D&T team, and coordinated testing. In
parallel with the Septentrioproduced BINEX development, a new effort has been initiated among
software staff in the archiving group, the realtime data handling team, and the GI Development and
Testing group for planning for and developing custom translation software, including
BINEXtotranslation, allowing for maximum flexibility in Septentrio data handling.
Software staff members are also working with the COSMIC group at UCAR for new nav message design
for BINEX that will be incorporated into the BINEX from Septentrio PolaRX5 receiver capability.
With the field deployment of the GNSSenabled PolaRx5 receiver, the set of stations with GNSS signals
available has expanded. Along with the previously announced RINEX3 pilot project, UNAVCO GDS
intends to make RINEX3 format data available from the deployed PolaRx5 instruments. Currently, the
path for providing this includes Septentrio’s SBFRINEX3 translation software. Because Septentrio’s
executable is available for a small set of operating systems, UNAVCO archive operations must develop a
oneoff dataflow option for Septentrio SBF data for RINEX3 creation (to operate in parallel with the
RINEX2 creation) that must run on a specific virtual machine configuration. Progress was made this
quarter on implementing this separate dataflow path, though significant additional work remains.
Meanwhile, the previouslydescribed RINEX3 pilot project continues. Though transparent to users of
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RINEX3 data, some needed improvements in the internal file handling for the RINEX3 QC generation
were implemented this quarter.
Due to staff retirement this quarter, our effort to investigate ways to utilize commercial cloud services in
on hold. The goal is to create costeffective, efficient solutions for data & metadata management and
archiving activities, including using GSAC on an Amazon VM to mirror the ftp holdings and metadata for
UNAVCO’s >2700 live stations, while gathering cost information for storage, access, and processing
power.
A new tray of disks for the Oracle Storage Area Network (SAN) appliance has been delivered and
configured. This tray will supply 80 TB of storage for adding to the online longterm archive primary
copy. The current SAN appliance being used for this primary storage, with 55 TB capacity is 92% full; the
transition to utilizing the new appliance will take place in the coming quarter.
A new release of UNAVCO’s teqc software for GNSS data preprocessing was announced this quarter. This
release fixes a bug that was causing a segmentation fault when large magnitude phase values occur; in
addition several translation related issues for Topcon receivers were addressed. Finally, to the degree
possible, adding full treatment of GNSS data and orbits for extended RINEX2.11 format and for QC has
been addressed in the current development version of teqc.
The metrics in Table 31 document the data volumes archived and delivered. Metrics notes for Y3Q3 are:
●
The archived volume for high rate GPS data for the quarter was 2.41 TB; this is the highestever
quarterly total. There has been a trend upwards in the number of 1 Hz stations archived on a continuous
basis, including approximately 200 new stations added to the realtime system. Also, collection of 5Hz
data in association with the Southern California M5.2 earthquake in June accounted for 0.24 TB of the
total archived this quarter. This event and others contributed approximately 0.1 TB of downloaded 1Hz
data to the total.
●
The delivered volume of high rate data was 1.58 TB, a relatively high value. The USGS became the
customer collecting the second greatest volume of high rate data this quarter, averaging 103 GB per
month. The consistent top customer remains NGS, averaging 132 GB per month. Prior to this quarter, the
USGS had typically accounted for less than 1 GB per month.
● The archived volume of data products was 0.77 TB, similar to last quarter. This volume represents the
baseline level of products archiving, with no added reprocessing included. Delivery of products, at 1.03
TB, was somewhat high compared to recent quarters. After a jump in the number of distinct IPs accessing
products last quarter, the count of customers returned to a more typical value this quarter. Compared to
high rate data and (to some extent) normal rate data, the volume of products delivered and composition of
customer IPs noted each month is rather unpredictable.
●
The unusual pickup activity by the domain seti.org in previous quarters was no longer a factor this
quarter.
● The archived volume for standard rate GPS data for the quarter was 1.33 TB. The delivered volume of
standard rate data was 6.68 TB. Over the GAGE award through Y3Q2 the average monthly standard rate
pickup volume has been 2.22 TB, consistent with this quarter’s monthly average of 2.23 TB.
3.4.2 Realtime GPS Data Flow and Management
UNAVCO provided highrate (1 Hz), lowlatency (<1 s) GPS data streams (RTGPS) from approximately
684 stations including 617 PBO (Core and Cascadia), 14 TLALOCNet, 51 COCONet stations plus two
stations in Nepal. 197 sites were added to the realtime data flow during June 2016. All the new stations
are located in California between the San Francisco Bay Area and San Diego, primarily along the
predominant active faults in the region.
Fortythree new users requested access to the data streams in Y3Q3 bringing the total number of
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registered RTGPS users to 551 (Figure 35), an increase of 8%. The largest growth in user numbers was in
the Commercial group (21), compared to 17 and 5 in the Academic and Government categories
respectively.
Problems with the software that tracks data usage developed in early June 2016. UNAVCO staff contacted
Trimble and requested assistance with troubleshooting the system. Issues were identified related to the
Accounting Database which accompanies the software. In particular, the size of the database caused
problems with user authentication; data users were not getting access to data streams. Following
recommendations from the software provider the Accounting Database was turned off. Currently the
software provider is working to correct the issue while UNAVCO Software and Data Engineers have begun
testing alternative software packages. The data volumes provided and the number of active users are
therefore based on the information recorded through April and May only; no metrics were available from
June. This issue resulted in artificially low metrics for data volume this quarter.
Figure 36 shows the percentage of active data users in terms of user group based on Usage through April
and May Y3Q3. Commercial users form the largest active group (61%) followed by Government (24%) and
then Academic (15%). Government agencies were responsible for 41% of all data downloaded through this
period (Figure 37).
Reported data download volumes are lower this quarter due to the Accounting database being unavailable
through June. The volumes for May may also have been affected by the user authentication issues. The
largest data user through April and May was a commercial entity, GPS Solutions (14%). This was followed
by USGS Menlo Park (13%), the Institute of Communications and Navigation of the Federal Republic of
Germany (11%), Central Washington University (11%) then UCSD Scripps (10%).
The five sites with the greatest volumes of data downloaded were P059 Point Arena CA (16.7 GB), P475 at
Point Loma CA (15 GB), P196 Petaluma CA (13.6 GB), CNPP Corona, CA (12.8 GB) and P066 Jacumba,
CA (12.7 GB). Cumulative volumes for western US RTGPS downloads through April and May of GAGE Y3
Q3 are shown in Figure 38. Across the network, 439 sites were accessed by the academic community, 444
by commercial entities and 446 by government and nonprofit consortia. 437 sites were accessed by all
three user groups; academic, commercial and government plus nonprofit consortia (Figure 39).
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Figure 3.5 Number of Registered Users

Fig 3.6 Active Data Users (April and May Y3Q3)

Fig 3.7 Data Access (April and May Y3Q3)

Figures 35 through 37. Realtime GPS data users. Registered data users are all of the users who have
been given access to RTGPS data streams since inception. Active data users are those who actually
accessed data streams through April and May quarter.
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Figure 38. Cumulative volume western US RTGPS downloads through April and May of GAGE Y3 Q3.

Figure 39. RTGPS sites in the western US from which data were accessed by all user types through April
and May of GAGE Y3 Q3.
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
51

Table 31. No unusual trends in BSM, seismic or LSM data metrics were observed this quarter compared
to last quarter. There was an increase in the number of pore pressure data users this quarter, especially in
June, similar in scale to the surge observed in January 2016, but several times higher than typical months.
The primary historic user of pore pressure data by volume is Natural Resources Canada; these surges,
however, are due to unidentified users. Due to server issues, not all available BSM data were transferred
from UNAVCO to IRIS in June; this issue was being addressed and recovery is expected next quarter, but
strain data availability  and resulting data volume metrics  were lower this quarter as a result of this
issue. Work to fully automate metrics tracking and reporting is nearly complete and final refinements are
being made. All strain, seismic, tilt and pore pressure metrics reported this quarter were obtained from
the new automated system.
3.4.4 Lidar – Terrestrial and Airborne Laser Scanning Data
Data from TLS PI projects continue archived as projects are completed, with approximately 130 GB of TLS
data added this quarter. Approximately 127 GB of data have been downloaded from the TLS archive by 6
unique users.
The new archive software development effort continued in Y3Q3 with progress on a data upload or
submission interface, creation of automated usage metrics, and DOI minting for all existing data sets. In
an effort to align 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 four seats of Leica Cyclone, 20
seats of Riegl’s RiScan Pro and 10 seats of RiSolve, ten seats of Blue Marble’s Geographic Calculator, 10
seats of ArcGIS, three seats of Quick Terrain Modeler, 10 seats of Polyworks, and five seats of Trimble
Business Center. During this period, two software maintenance packages were updated. Software
maintenance for the RiScan Pro licenses was also extended in this quarter.
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by
OpenTopography this quarter indicate 125 unique users accessed point cloud and raster terrain products,
running 260 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 GAGE, UNAVCO orders European Space
Agency (ESA) and DLR scenes in response to WInSAR user requests. In addition, the WInSAR Executive
Committee and UNAVCO arranged for a tasking quota with DLR for use by WInSAR. WInSAR user
requested tasking orders for the TerraSARX mission have been placed 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.
SAR data metrics are shown in Table 31. The volume of SAR data archived in Y3Q3 was greatly increased
(~23 TB) due to data from ALOS2/JAXA proposals. JAXA provides 50 scenes per year for PI proposals
and there was a large surge in data ordered by PIs. Some ALOS2 data files are 5060GB each, which
accounts for the large volume of data.
WInSAR scenes from ESA are available without cost under their open data policy. TSX and ALOS2 data
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access is restricted to CoPIs associated with a specific science proposal approved by DLR or JAXA,
respectively. The volume of SAR data deliveries was also large in Y3Q3 (8.7 TB), continuing the surge first
noted in Y2Q3. These increased volumes were associated with ALOS2 and TSX data downloads.
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware, database,
software, and web presence. Data ingest capabilities have been developed to allow UNAVCO to host data
from newer satellite platforms such as COSMOSkyMed, ALOS2, RADARSAT2, and Sentine,l 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 COSMOSkyMed,
RADARSAT2, ALOS1/ALOS2, and TSX are restricted to collaborators on proposals, and the WInSAR
Portal interface permits rolebased access to groups of users.
ESA is the primary archive for ERS1, ERS2, and Envisat, while the Alaska Satellite Facility (ASF) is
primary archive for RADARSAT1. For all data not archived in ESA’s Archive4 system or at ASF, UNAVCO
is now backing data up to Amazon Glacier, a commercial cloud storage system. This ensures a complete
offsite backup of the full UNAVCO SAR archive while minimizing redundancy, beyond duplication.
3.4.5.2 GEO SuperSites
For the GEO Supersites and Natural Laboratories initiative, UNAVCO provides data ordering (from the
European Space Agency), together with data management (download and repackaging) of the orders
received, and upload of the orders to the ESA supported cloud storage (Level 4 archive). In addition to
this operational data management activity, UNAVCO provides 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, COSMOSkyMed, RADARSAT2, and ALOS2 data
collected under the Supersites initiative. For these datasets, the list of PIs with access to the data include
international collaborators as well as WInSAR community members. To address this expanded
community of users and associated access constraints, we’ve made several modifications to the WInSAR
Portal system to allow registration by international partners.
Through recently completed NASA ROSES ACCESSfunded 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.) regarding federated access to data, data processing environments, and metadata
and product formats. The goal is to leverage the SSARA work to build federated access to data hosted by
the space agencies that participate in Supersites. 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
(http://webservices.unavco.org/brokered/ssara/).
The archive now supports user controlled DOI assignment for products uploaded to the InSAR archive at
UNAVCO (https://winsar.unavco.org/portal/insar/). InSAR products are uploaded via the API
(https://winsar.unavco.org/portal/insar/api/interferometry/), 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. Staff
attrition has reduced the level of attention to certain cyberinfrastructure projects over the past quarter. As
hiring and other priorities allow, we will pick up on these projects.
We are collaborating on the NCARled EarthCube Building Blocks award “Enabling Scientific
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Collaboration and Discovery through Semantic Connections” (EarthCollab) based on the
Cornelldeveloped “VIVO” semantic web ontology and web presentation software. Staff worked with
collaborators at NCAR and Cornell to develop and test software for crosslinking of VIVO information
from independent institutional VIVO implementations. This has been tested between UNAVCO and
Cornell. The connectUNAVCO site is now using ElasticSearch as a mechanism to provide faceted search
capability. Staff are reviewing relevant ontologies in use by other groups, to be able to track where similar
or same concepts are being represented.
The documentation for repository managers using Dataworks for GNSS was updated during April in
preparation for the Dataworks Introductory Short Course presented in May at the COCONet Workshop in
Punta Cana, Dominican Republic. In addition, the Amazon Virtual Machine Image method of
implementing Dataworks was thoroughly tested and documented, and the Dataworks web presence on the
software section of the UNAVCO website was updated. At current funding and staffing levels, additional
work on this project is not anticipated for the foreseeable future, although a set of desired enhancements
and additional capabilities have been identified.
Staff evaluated the GeodesyML schema and documentation that was released by Geosciences Australia,
and includes the IGS Site Log XML schema that the UNAVCO staff has been promoting. UNAVCO’s plan
to work towards implementation of GeodesyML for site log metadata interoperability is on hold until
staffing levels allow additional work.
Further development associated with loading data into the Data Turbine, an open source software tool,
uncovered issues with handling all 400+ realtime GPS stations. UNAVCO developers discovered and
resolved issues with the code and and configurations parameters. Code was rewritten and UNAVCO
continue to communicate with Data Turbine support personnel on issues they have run into trying to load
all realtime stations. Code has been developed to move seismic data from all PBO seismic stations
directly from Antelope into Data Turbine. Future development will associate seismic and GPS data, for
provision of the two samples streams by referencing a single station.
The initial deployment of UNAVCO public web services had multiple issues with the naming,
documentation and organization of the services. This quarter, changes were made to the platform
supporting UNAVCO internal and external web services to make an improvement in these areas as well as
to continue the effort started last quarter to move to a new web platform. As a result of this work,
UNAVCO web services have been reorganized and a new set of services is being made available. This new
set currently only includes a web service for GPS position data. Additional documentation has been
made available along with fixing errors and additional attributions for the data in the response.
Development has begun to support additional formats for data responses, including GeoJSON,
TimeSeriesXML and possibly NetCDF. Development work has been initiated on the consolidation of
multiple Metadata web services previously released into a new single service. Work also started on a
Velocity web service. The functionality provided by this new Metadata and Velocity services is currently
available in the existing web services betarelease by one or more services. The number of new services
will increase in future quarters as work progresses.

3.6 Internal Computing Initiatives and Support
3.6.1 IT Highlights
The installation of a redundant Internet fiber was completed in May. This will allow UNAVCO to continue
operations and provide services over the Internet when fiber transport services are not available from
Level 3 or Internet services are lost with Front Range GigaPop due to an outage. In addition, the existing
UNAVCO edge router was replaced with a set of redundant routers and switches that provide additional
hardware redundancy should any of this new equipment experience a failure. The new routers will
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automatically switch UNAVCO Internet traffic to Comcast should there be a failure on the primary fiber
connection (Level3/FRGP) or should a router failure occur. All traffic for Comcast national customers is
being routed over this redundant fiber at all times to make sure connectivity is available should the need
to switch from the primary providers occur.
UNAVCO IT staff addressed two email security incidents in Y3Q3. The first had to do with email phishing.
Individuals were receiving emails with forged from’ email addresses so it looked like someone within
UNAVCO was sending the email. This scam is being used by senders for monetary purposes. To prevent
these emails from reaching the designated recipient, UNAVCO has started to use Domain Key Identified
Mail (DKIM). This creates a signature with each email sent that can be used by the destination mail
server to validate the sending server with the domain. If the signature is invalid, the receiving email
server can reject the message. This service was first deployed with Google and still needs to be deployed
on other internal mail servers. The 2nd incident occurred when UNAVCO was blacklisted for sending
spam email. As a result of being blacklisted, employees could not visit certain web sites. IT first identified
which computer was sending the email, then the server was removed from the network. IT staff also had
to determine which list providers had blacklisted UNAVCO and monitor removal from these lists. Several
lists took more than 7 attempts before UNAVCO was removed. For others, IT staff had to contact the list
keepers and make requests to have UNAVCO removed from their list. UNAVCO has been removed from
all identified blacklists.
During the last part of June, several systems used for production appeared to be having performance
issues. Initially it was thought to be related to systems that were connected to one of UNAVCO SAN
devices. To improve performance, any the systems reporting performance issues were moved along with
their storage to a different SAN. Performance for these systems improved Early in the quarter the POD
was moved to a newer SAN from the older hardware it was running on to reduce any risks of failure. This
move improved the overall performance of the POD.
The moving of the DNS and RTP Server to new hardware and VMs was completed this quarter. This was
done to reduce equipment failure and eliminate the need to support older hardware. Some issues were
discovered after all servers had been migrated. Some addresses in previous DNS servers were missed
during the migration and were added to the new servers manually when identified.
Modifications were made to the travel authorization system to better handle authorizations and
international travel. A system was also developed to help enforce the new process put in place and handle
the authorization and justification for UNAVCO business meals. This system is in production and is
currently being used for approvals.
With the completion of testing, a single signon server has been deployed to production. This will initially
be used for some internal tools that require logins. An API for authenticating users has also been
developed. This will be used to provide logins on UNAVCO web pages in the future. This server will also
provide the means for UNAVCO employees to reset their password without contacting the system
administrators.
3.6.2 Internal Software Developments
Development to automate the collection of metrics continued this quarter with the addition of active
station metrics for all instruments. An instrument is considered to be active if any any data was collected
for more than 85% of the number of days within a period. Any station below this percent,with any data
during the period, is considered intermittent. Calls to IRIS web services had to be added to handle
calculations for those metrics collected by IRIS. In addition, active station counts for all instrument types
had to be backfilled into the database for metrics gathered previously. Data delivered metrics for all
instrument types had initially been kept at the lowest IP address level that was available. Prior to
automation these metrics were accumulated at the 2nd level domain address. To match previous
reporting requirements, the automated collection software was modified this quarter to report data
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delivery metrics at the 2nd level, matching the algorithm previously used. This algorithm will be tuned in
future releases of the software to better match 2nd level domain addresses as issues were discovered when
automating this metrics collection process. GPS delivery and active stations metrics are now being
collected and stored in the metrics database. Work on web services to retrieve these and display these
metrics will be started early next quarter.
Development of enhancements to MDM were initiated this quarter to support the tracking of all cellular
SIM cards. Last year it was discovered that the cards were not consistently deactivated with the carriers
when communications equipment was replaced/removed from a site. As a result UNAVCO was
accumulating monthly data charges from carriers for cards that were not used and no longer deployed in
the field. To help in this effort, this software will track these cards once they are activated with any
carrier. Upon removal of a SIM card from a station in the field, emails are sent to appropriate individuals
so the procedures to get the card deactivated can be performed. In addition, UNAVCO accounting will be
able to now accurately reconcile all data charges with bills from carriers and track cards to a unique
site/region. Development will continue next quarter to add tasks to field engineers procedures so that
these cards can be tracked when cell modems are added, replaced or removed.
UNAVCO provides support and development for the IGS Site Log Manager and their web site. IGS asked
that UNAVCO be a backup site for IGS in case their primary archive became corrupted or was not
reachable. To accomplish this, automated procedures and processes were developed and deployed on the
IGS systems so that all content and data associated with the IGS website is backed up all UNAVCO. In
addition, IGS requested that UNAVCO to act as a backup site should their primary site become
unavailable. To fill this need, UNAVCO stood up an instance of their site at UNAVCO behind the firewall.
Should the need arise, UNAVCO resources will move the system into the DMZ, update the existing
database and web content using backups. DNS changes would then be announced to direct traffic to
UNAVCO. UNAVCO would continue to serve IGS until time their primary site has been restored.
An open source package called RunDeck was deployed and tested to help with the organization and
execution of Linux cron jobs. Cron jobs are used to schedule the execution of software at certain times
during a day, week or month on the system where the cron job resides. Currently these jobs are scattered
on every production Linux system that is deployed at UNAVCO. With RunDeck, the configuration and
execution of these jobs can be viewed from a single system. Logging is performed on the jobs so that staff
can analyze output when issues arise. Alerts also go out from Rundeck when jobs do not execute or fail to
run to successful completion. The deployment of this software provides developers and IT with a single
place to examine and better manage these jobs. The impacts of systems being down can be more easily
analysed and can be use it to help reduce impact of scheduled maintenance or unscheduled system
downtime.
The development team has completed their work on a mailing page for landowner outreach and permit
renewal. The mailing will contain information about the landowner’s GPS site, including site motions with
a comparison of other sites close by. A different mailing will be sent to those landowners who host a
borehole geophysics site. Information for these mailings is gathered from several sources at UNAVCO in
order to create a sitespecific custom 2page mailing. The project lead is awaiting information from
engineers in the field before the final mailing is printed and mailed. Landowner outreach is expected to
help UNAVCO contain the cost of permit renewals.

3. 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 community of contributors and users. GDS collects
and monitors 90 detailed and six key summary metrics (Tables 31 and 32). These metrics include
numbers of stations, data, and derived data product volumes archived and delivered, user metrics, and
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software downloads for data from all of the data different sensor types managed by UNAVCO. The six key
summary metrics for Y3Q3 campaigns and permanent stations archived, data volumes archived and
delivered are similar to prior quarters. The total volume of data archived this quarter, 28.2 TB, was 9.1 TB
greater than last quarter, due primarily to higher volumes of SAR data archived but also due to increases
in RTGPS data volume archived. The total volume of data archived (all sensors) is now over 223 TB
(including 9.8 TB of ALS data archived at OpenTopography/NCALM) as shown in Figure 31. The total
volume of data delivered to users this quarter, 23.6 TB, was 7 TB less than last quarter, however the
volume of deliveries this quarter is artificially low (perhaps by several TB’s) due to issues with tracking
RTGPS metrics. The estimate of the number of unique users this quarter was 2,971, about 70 more than
last quarter. As part of ongoing efforts to provide the most accurate metrics possible, slight changes to
some previously reported metric values were made this quarter based on new information and/or
refinements to our metrics tracking/reporting process. These metrics are one representation of core
operations. Behind these numbers are a wide range of activities and projects, funded through core and
multiple ancillary awards that fund the large breadth of scope developed, operated and maintained by the
GDS program. The focus of ongoing development continues to be upon enhancing services and building
capacity to manage data from new systems. For GNSS this effort is moving from GPS to full GNSS while
expanding realtime 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. With SAR the
challenge is handling and processing data from new satellites from ESA and JAXA and preparing for
NiSAR. The theme of overall cyberinfrastructue developments is to develop web services across all data
systems with consistency that will facilitate integrative access and broader utilization of data and services
both within and external to GAGE.

4. Education and Community Engagement
4.1 OVERVIEW
The Education and Community Engagement (ECE) program has four strategic areas of focus: provide
pro essional development activities for community scientists and teachers, develop and disseminates
geodesy ocused education materials, support geo or orce development, and provide communications
and other support to the UNAVCO community. The ECE team actively participates in UNAVCO website
updates, leads the organizationwide 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 EDUCATION RESOURCES
The GEodesy Tools for Societal Issues (GETSI) Project (NSF DUE TUES 1245025) develops teaching
materials for engaging undergraduate students in addressing societally important Earth science questions
through the use of geodetic data. UNACO manages this collaborative project with Indiana University and
Mt. San Antonio State College. GETSI has now completed its third year and as enter a nocost extension
year. The last three modules (of five) have been tested in the classroom, and are in revision for
publication in 2016. These modules include: Measuring Water Resources, Surface Process Hazards, and
GPS, Strain and Earthquakes.
UNAVCO community requests for additional resources that incorporate geodetic instrumentation and
data into instruction will be supported by a new award (NSF DUE 1612248). In June UNAVCO was
awarded a two year collaborative award with Indiana University (B. Douglas) and Idaho State University
(ISU) (B. Crosby). The project: Collaborative Research: A FieldBased Curriculum for Quantifying
Deformation of the Earth s Surface with Lasers, GPS and Cameras, will produce two curriculum modules
for field geoscience courses: Analyzing High Resolution Topography with TLS and SfM, and High
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Precision Position with Static and Kinematic GPS. The first module was initiated under GAGE funding;
the IUSE award will allow completion and dissemination. The second module was started this spring in
anticipation of the award. The IUSE Field modules will be developed following the GETSI model and
published on the GETSI website. A UNAVCO student intern started working on the project this quarter
and he will continue on the project as a graduate student under Benjamin Crosby at Idaho State
University next fall.

4.3 COMMUNITY COMMUNICATIONS
ECE leads efforts related to communication, collaboration, access, and dissemination of UNAVCO science
and education to both the UNAVCO and broader communities. Y3Q3 highlights include outreach event
collaborations and social media activities.
School visits were conducted in southern California during April. UNAVCO ECE and GI staff visited four
schools that host PBO stations. Students visited ranged from fourth graders to community college
students. In addition to viewing the instrumentation, students received an overview of the use of GPS to
measure tectonics and water resources, as well as information on career paths of the staff. The visits serve
both to expose the next generations to science and to maintain important relationships within the PBO
network.

Figure 41. PBO field engineer R. Turner describes GPS station OVLS, at Olivelands Elementary School,
to neighboring Briggs Middle School students. OVLS has been operating since 1999, longer than these
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students have been alive. (Photo: B. Bartel/UNAVCO)
UNAVCO and the EarthScope National Office (ESNO) shared a booth at the USA Science & Engineering
Festival (USASEF) in Washington, D.C. (see highlight in Section 1). The USASEF is the largest
sciencefocused festival in the nation. UNAVCO and ESNO shared how GPS is used to measure motions
too small to see through demonstrations of glacial isostacy and volcano deformation, reaching a diverse
demographic including Hill staff, teachers, and many, many students.
Social media. UNAVCO, SCEC, and IRIS have agreed to coordinate more closely on social media efforts,
with additional collaboration by the Pacific Northwest Seismic Network and ESNO. UNAVCO’s
partnership included participation in the #CascadiaEQ Tweetchat at the kickoff of CascadiaRising, a
FEMAorganized exercise to prepare for a great earthquake on the Cascadia subduction zone. The
Tweetchat included nearly 2,000 tweets from more than 800 contributors and trended in Seattle, WA.
Earthquake messages reached nearly 12 million Twitter accounts.
UNAVCO also now has a regular Instagram presence and a growing Pinterest presence, in addition to
other social media feeds now detailed on the Connect with Us page. On Instagram, the number of
followers continues to increase, averaging two per day in this quarter, and while that is consistent with the
increase in followers over the last quarter, the number of post Likes has almost doubled (from 997 to
1794), showing both continued and increasing engagement with the channel. On Pinterest, the focus is
promoting educational materials to reach the channel’s large teacher demographic. Traffic to the
UNAVCO profile continues to increase as new boards and pins are added to the page. The average
monthly viewers for this quarter were 902, a very significant increase from last quarter’s average of 35
monthly viewers. Facebook continues to provide an avenue for engaging with our scientific community,
reaching external audiences, and connecting with partner agencies, with an average of four new likes per
day. We leverage our Instagram efforts by sharing all posts with our Facebook channel and tagging other
organizations as appropriate; these are some of our most popular Facebook posts.

4.4 GEOWORKFORCE DEVELOPMENT
UNAVCO is committed to broadening and increasing the geodesy community and geoscience workforce.
Programming support is focused on students with additional resources provided to faculty and
researchers for mentoring. Efforts are focused on providing opportunity in various stages of the
geoscience academic/career pipeline including internships, mentoring, and online resources.
RESESS: Eight RESESS interns arrived in Boulder to begin their summer internships during Y3Q3. Two
interns participated in RESESS previously (Crystal Burgess and Enrique Chon returned for their second
internship summer), and 6 interns joined RESESS for their first year. Seven of the 8 interns are working
with mentors in the Foothills area (2 mentors at USGS, 2 mentors at Colorado School of Mines, 1 mentor
at UNAVCO, 12 mentors at the University of ColoradoBoulder), and Crystal Burgess is working with
Laura Lautz at Syracuse University. During orientation week, UNAVCO hosted partner internship
programs SOARS (15 attendees) and NEON (7 attendees) for a tour of the facility and an introduction to
UNAVCO’s diverse geodetic work (including a live TLS demonstration by UNAVCO field engineer K.
Williams and an overview tour by Project Manager J. Pettit).
GeoLaunchpad (NSF ICER 1540524): UNAVCO began a new award in collaboration with Front Range
Community College (FRCC) on December 2, 2015, extending the GeoLaunchpad program into its second
year. FRCC provides academic support to students interested in the geosciences; UNAVCO provides a
summer internship and professional development. The GeoLaunchpad internship provides an 8week
summer experience for twoyear college (2YC) students from Colorado. Interns are mentored by a faculty
member from their home institution. The UNAVCO project leadership team includes the PI (Charlevoix),
CoPI (Morris), Project Assistant (K. RussoNixon), and external evaluator (H. Thiry, CUBoulder). Four
interns are working in one pairs on projects developed by UNAVCO Project Managers (C. Crosby: TLS
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project and J. Pettit: Polar GPS project) and engineers (M. Okal: TLS project; A. Zaino and S. Niebuhr:
Polar GPS project) in consultation with GLP project leadership. GeoLaunchpad interns will present their
work at the end of summer colloquium with RESESS and the poster session in conjunction with the
RESESS interns and our partner internship programs in the Foothills region. Faculty mentors will receive
a 2day training on best practices for mentoring and will assist with evaluation of posters at the end of
summer session.
USIP: The UNAVCO Student Internship Program (USIP) is a summer opportunity for students in the
UNAVCO community to gain realworld work experience in a professional setting, collaborate with teams
toward a common mission, and contribute their knowledge, skills, and abilities to the UNAVCO
community. Interns spend eight weeks working under the guidance of a staff supervisor, culminating in a
short presentation to UNAVCO staff. One recent doctoral graduate, 5 graduate students and 1
undergraduate student are working as interns with UNAVCO staff during the summer. Four of the
interns are working with ECE (supervised by D. Charlevoix, S. Olds, and B. Bartel [2 interns]), two
interns are working with D. Mencin of GI/GDS, and one intern is working with K. Austin (GI – Alaska
field office). A new component of the USIP program includes participating in a weekly professional
development opportunity providing specific training in informal science communication. The workshop
sessions are based on the Portal to the Public Network, which UNAVCO joined in March 2016.. The
weekly course is led by B. Bartel.
Internship interactions: In midJune, participants from RESESS (6 interns), USIP (4 interns), and GLP
(5 interns) participated in a joint allday field trip to learn about the geology of Rocky Mountain National
Park. The field trip was led by volunteer B. RussoNixon.

Figure 42. Summer interns from the RESESS, GeoLaunchpad, and USIP programs traveled to Rocky
Mountain National Park to learn about local geology (Photo: B. Bartel/UNAVCO)

4.5 ECE PROGRAM SUMMARY
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ECE staff focused efforts of the Y3Q3 on social media, preparations for the arrival of interns and execution
of the summer internship programs. The ECE Director efforts centered around developing collaborations
through the National Alliance for Broader Impacts, the NSF IUSE annual meeting, and with a newly
formed group focused on interdisciplinary PK12 science education.

5. Summary
GAGE Y3Q3 saw many longterm efforts in both GI and GDS advanced significantly or to completion,
providing new data streams and data access tools to a spectrum of users. Dedicated efforts to ensure IT
infrastructure renewal and redundancy contributed to organizational resilience. While ECE launched
another intern season with three different internship programs. Staffing changes resumed after a period
of stability, with the departure of three UNAVCO staff members. One vacancy was filled.
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