2013 – 2018 UNAVCO Project Report
Geodesy Advancing Geosciences and EarthScope:
GAGE Quarterly Report
Y5Q3: 01 April 2018 – 30 June 2018
EAR – 1261833
9 August 2018

Submitted by Principal Investigators: M. Meghan Miller, President
Glen S. Mattioli, Geodetic Infrastructure Program Director
Charles M. Meertens, Geodetic Data Services Program Director
Donna J. Charlevoix, Education & Community Engagement Program Director

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

0. Introduction
This report presents the program activities and broader impacts for the third quarter of the fifth project
year (Y5Q3) for Geodesy Advancing Geosciences and EarthScope: the GAGE Facility, under NSF Award
EAR-1261833 to UNAVCO. The report includes four sections: (1) UNAVCO Community, Governance and
Management, (2) Geodetic Infrastructure Program, (3) Geodetic Data Services Program, (4) Education and
Community Engagement Program, and two Attachments: (I) Budget and Variance Reporting, and (II)
Project Concerns. Each section is accompanied by performance metrics that delineate 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 non-profit, university-governed consortium, facilitates geoscience research and education
using geodesy. The consortium membership includes 116 U.S. Full Members, most of which are degree
granting institutions that participate in UNAVCO governance and science community. Another 110
Associate Members include organizations that share UNAVCO’s purpose at home and abroad, giving it
global reach in advancing geodesy. During Y5Q3, there was 1 new associate member: Wayland Baptist
University
One Geodetic Science Snapshots was published this quarter featuring scientific results from community
work:
● Parts of San Francisco Bay Subsiding Faster Leading to More Potential Flooding - University of
Arizona, University of California-Berkeley
Highlight: Community Event Response to the May 2018 Kīlauea Volcano, Hawai’i Eruption
Activity at Kīlauea Volcano on the Big Island of Hawai’i recently increased. Starting on Monday, 30 April
2018, magma beneath Pu‘u ‘Ō‘ō drained and triggered a collapse of the crater floor. Within hours,
earthquakes began migrating east of Pu‘u ‘Ō‘ō, signaling an intrusion of magma along the middle and
lower East Rift Zone. A new eruption commenced in the Leilani Estates subdivision in the lower East Rift
Zone on 3 May 2018, following days of increased earthquake activity and ground deformation. A
magnitude 6.9 earthquake occurred on Friday, 4 May 2018, 16 km southwest of Leilani Estates and at a
depth of 5.0 km. This is the strongest quake in Hawai’i since 1975, and the largest in a series of strong
earthquakes. For more information, USGS Hawaiian Volcano Observatory, Kīlauea and USGS event page.
UNAVCO provided campaign GPS/GNSS systems for deployment on Kīlauea Volcano and engineering
support to USGS/HVO. Standard rate data (15- or 30-sec) from stations operated by USGS/HVO, Stanford
University, and the University of Hawaii are available from the UNAVCO ftp site for rinex files or DAIv2.
UNAVCO has produced a fully processed 1-sps borehole strainmeter (BSM) dataset spanning the time
period of this event, available from the PBO borehole strainmeter event response page.
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Figure 1-1. Preliminary measured displacements from the 2018-05-04 Mw 6.9 Leilani Estates, Hawai’i
earthquake show the difference in positions of stations before and after the earthquake, with larger offsets
near the event, getting smaller with distance from the epicenter (yellow star). (Figure/ Nevada Geodetic
Laboratory).

Figure 1-2. UNAVCO GNSS campaign system deployed by USGS Hawaiian Volcano Observatory staff on
Kilauea Volcano on the Big Island of Hawai’i. UNAVCO provided 15 campaign systems and engineering
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support to HVO in response to the 2018-05-04 Mw 6.9 Leilani Estates earthquake and ongoing volcanic
eruption. (Photo by Sarah Conway, USGS HVO).

1.2 UNAVCO GOVERNANCE AND MANAGEMENT
1.2.1 Governance Activities
The GDS Advisory Committee (GDSAC) met June 26-27, 2018 at the UNAVCO facility in Boulder,
Colorado. The GDSAC addressed a number of topics and also worked to prioritize the summary of the
GNSS Data Products Subcommittee (GDPS) of June 22, 2018. Topics considered included web services
development, website design, improved user access to data, products and services, improved user
awareness of data, products and services, full GNSS Capabilities (processing, archiving, software), and data
attribution.
1.2.2 UNAVCO Staff Representation at Meetings and Workshops, PI Foreign Travel
UNAVCO staff represented community interests and reported on facility contributions at a number of
meetings and workshops. UNAVCO governance and some informational meetings are also included here.
●
●
●
●
●
●
●
●
●
●
●

European Geosciences Union, General Assembly 2018, Vienna, Austria, April 8–13. Attended by
C. Meertens, K. Hodgkinson, and C. Crosby.
ENVRI Week workshop in Zandvoort, Netherlands. This meeting was organized by ENVRIplus
and COOP+.
Yellowstone Volcano Observatory meeting, Mammoth Springs, Wyoming, May 7-8, 2018.
Attended by B. Bartel, G. Mattioli and D. Mencin.
2018 Seismology of the Americas, Joint conference of the Latin American and Caribbean
Seismological Commission (LACSC) and the Seismological Society of America (SSA), Miami,
Florida, May 14-17 2018. Attended by G. Mattioli, K.Feaux, K. Austin, C. Walls and K. Hodgkinson.
Japan Geoscience Union (JpGU) annual meeting, Chiba, Japan, May 20-24, 2018. Attended by
D.A. Phillips.
Spaceborne Radar Workshop, Caltech, Pasadena, California, May 30-31, 2018. Convened by
NASA. Invited participant, M. M. Miller.
SCEC Leadership Council, Palm Springs, California, June 3-5. M. M. Miller attended as Chair of
the SCEC Advisory Council.
Asia Oceania Geosciences Society (AOGS) annual meeting, Honolulu, HI, June 3-8, 2018.
Attended by D.A. Phillips.
EarthCube All Hands meeting, Alexandria, VA, June 6-8. Attended by C. Meertens, J. Riley, and C.
Crosby.
IRIS Workshop, Albuquerque, New Mexico, June 11-14, 2018. Attended by B. Bartel, K.
Hodgkinson, G. Mattioli, and M. Miller.
Co-PI G. Mattioli traveled to Hong Kong and China from Tuesday, June 19 through Thursday,
June 28, 2018. He presented a talk entitled “UNAVCO and Its Role Supporting Global Geodesy for
Science and Hazards: Some Recent Examples and Outlook for the Future” at four different venues:
The Chinese University of Hong Kong (UNAVCO Associate Member) on June 22; GNSS Research
Center, Wuhan University (UNAVCO Associate Member) on June 25; China Earthquake Network
Center (AM) and Chinese Earthquake Authority Institute of Geology (PM) on June 27.

1.2.3 Publications, Abstracts, and Other Products Created by UNAVCO Staff
Publications:
● Baez, J.C., F. Leyton, C. Troncoso, F. del Campo, M. Bevis, C. Vigny, M. Moreno, M. Simons, E.
Kendrick, H. Parra, and F. Blume, The Chilean GNSS Network: Current Status and Progress
Towards Early Warning Applications, Seismo. Res. Lett., 45, doi:10.1785/0220180011, 2018.
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Abstracts and Presentations:
●

Austin, K., (2018), Plate Boundary Observatory GNSS Operations in Alaska, Challenges and
Performance, Seismological Society of America (SSA), Miami, FL, 16 May.

●

Austin, K., (2018), Geodetic Infrastructure to Support GPS Reflectometry, Alaska Coastal Water
Level meeting, Anchorage, AK, 22 May.

●

Boettcher, A. A., K. G. Havholm, L. Szymanski, A. R. Morris, K. J. Hayward Mullins, J. L.
Branchaw, A. R. Butz, A. R. Smith (2018), Fostering Intentional Mentoring, Council on
Undergraduate Research Biennial Conference, Arlington, VA, 1-3 July.

●

Bohon, W., B. Bartel (2018), Communicating Science to a Broad Audience: Social Media for You
and Your Students, InTeGrate Webinar Series, 31 May.

●

Crosby, C.J., Nandigam, V., Arrowsmith, J R., Increasing the Impact of High Resolution
Topography through Open, Online Access to Data and Processing, EGU 2018-11079, Vienna,
Austria, 9-14 April.

●

Feaux, K. F., Hodgkinson, K. M., Mattioli, G. S., Mencin, D. ( 2018), Enhancing Tsunami Early
Warning across the Americas through the Network of the Americas (NOTA) GNSS-Met
Infrastructure. 2018, Seismological Society of America, Annual Meeting, Miami, FL, 14-17 May.

●

Galetzka, J., (2018), The Many Advantages of Braced Geodetic Monuments, Weekly Seminar at
Crustal Movement Observation Network of China (CMONOC), Beijing, China, 9 July.

●

Hodgkinson, K. M., Mencin, D., Sievers, C., Fox, O., Mattioli, G. S., Meeting the Requirements of
Early Warning Systems in Real-Time GNSS Operations. 2018, Seismological Society of America,
Annual Meeting, Miami, FL, 14-17 May.
Meertens, C. M., UNAVCO’s experiences and current activities developing research infrastructure
for geodetic data, invited presentation at the Sixth ENVRI Week, Zandvoort, Netherlands, May
14-18, 2018.
Meertens, C.M., F. Boler, J. M. Gomez-Perez, H.W. Loescher, C. Laney, M. Genazzio, D. Craw, and
I. Altintas, Research Objects and Workflows Meeting Research Infrastructure Data Challenges,
poster presented at the Sixth ENVRI Week, Zandvoort, Netherlands, May 14-18, 2018.
Meertens, C.M., J. Pettit, T. Nyland, N. Bayou, S. Niebuhr, and G. Mattioli, A decade of continuous
autonomous station operations in remote polar regions, poster presented at the Sixth ENVRI
Week, Zandvoort, Netherlands, May 14-18, 2018.

●

●

●

●

Mencin D., Hodgkinson K.M., Mattioli G.S., Meertens C., and Sievers, C., (2018), Monuments
Matter: Resolving Peak Ground Displacements in Real-Time GNSS PPP Solutions as applied to
Earthquake Early Warning, an assessment of the M8.2 September 2017 Tehuantepec Earthquake.
European Geosciences Union, General Assembly 2018, Vienna, Austria, April 8–13.

●

Olds, S. E., (2018), Explore plate tectonics & more through GPS data, NAGT Webinar Series
Implementing the Next Generation Science Standards, 12 April.

●

Phillips, D.A., T. Herring, D. Mencin, K. Hodgkinson, T. Melbourne, M. Murray, W. Szeliga, C.
Puskas, G. Mattioli, C. Meertens (2018), From Decadal Geodetic Time Series and Velocity Fields to
High Rate Data Streams and Coseismic Peak Ground Displacements: GNSS Data from the
Earthscope Plate Boundary Observatory (PBO) and Other Regional Networks, SE21-A018, Asia
Oceania Geosciences Society (AOGS) annual meeting, Honolulu, HI, 3-8 June.

●

Phillips, D.A., T. Herring, D. Mencin, K. Hodgkinson, T. Melbourne, M. Murray, W. Szeliga, C.
Puskas, G. Mattioli, C. Meertens (2018), UNAVCO GNSS Data, Analyses and Products for
Seismogeodetic Studies and Early Warning Applications, SGD02-04, Japan Geoscience Union
(JpGU) annual meeting, Chiba, Japan, 20-24 May.

●

Walls, C., (2018), Plate Boundary Observatory GNSS Real-Time Field Operations, Seismological
Society of America (SSA), Miami, FL, 16 May.

●

Walls, C., (2018), UNAVCO Update, California Spatial Reference Center meeting, La Jolla, CA, 10
May.
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1.2.4 GAGE Facility Products
UNAVCO supports community science and education through the development of products available via
the UNAVCO website and Knowledgebase (Table 1-1). Products are publicly available and accessed by
community members as well as the general public. Note that there were no new Knowledge Base
documents created or new datasets published by DOI while a new service for minting DOIs is being
identified.
Table 1-1. GAGE Facility products.
GAGE FACILITY PRODUCTS

GAGE Y5Q3

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

20
0
7
4
1

UNAVCO Program Highlights are featured on the homepage of the UNAVCO website and provide
summaries of UNAVCO activities, technology, engineering, education, and support. Four Highlights were
published during Y5Q3. A short description follows each Highlight title.
● Data Event Response to the April 5, 2018 M5.3 Earthquake 29km SW of Santa Cruz Is. (E end),
California - UNAVCO downloaded high-rate 1-sps (1 Hz) and 5-sps (5 Hz) data from 12 GPS/GNSS
stations operated by UNAVCO within 75 km of the epicenter for a 6-hour time window around the
event (± 3 hours)
● Community Event Response to the May 2018 Kīlauea Volcano, Hawai’i Eruption - UNAVCO is
providing campaign GPS/GNSS systems for deployment on Kīlauea Volcano and engineering
support to USGS/HVO.
● Maintenance of Episodic GPS Stations in Panama - This recent field excursion to Panama builds
on previous work of a collaborative UNAVCO, Penn State, and IGC staff installation of five
continuous GPS sites as part of a National Science Foundation Early CAREER award
● cGPS Used to Study Slow Slip Landslide - Highlight of an upgrade to continuous GPS (cGPS)
monitoring of the slow slip landslide at Oak Ridge Earthflow Observatory provided by staff from
UNAVCO, and the University of California - Santa Cruz.
1.2.5 Broader Impacts for Community, Governance and Management
UNAVCO Websites
The UNAVCO websites are managed by the Web Team (Web Editor-in-Chief and Web Administrators),
Section Editors, and subject matter experts who contribute web content. Content for the main sections of
the UNAVCO website (Community, Projects, Instrumentation, Data, Software, Science, and Education) are
the responsibility of seven Section Editors.
One goal of the Web Integration project is to retire pbo.unavco.org and facility.unavco.org, once all
dynamic content and applications have been migrated to www.unavco.org. This ongoing effort entails work
on back-end information systems that are application servers and data sources for the web front end
applications. While this is being accomplished, URL redirects will continue to link to pbo.unavco.org, in
order to bring its content and applications into the www.unavco.org namespace in a virtual manner.
We monitor user activity of the website 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. Modernization of the Web Infrastructure
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continues, including IT infrastructure, server and application software, as well as the review of best
practices for building and maintaining needed infrastructure, standardization, and virtualization.
The UNAVCO websites are a key resource for the UNAVCO community and serve as a tool to reach beyond,
to educators and the general public (Table 1-2A). The GAGE Facility also provides infrastructure and
maintenance support to websites for the Research Experiences in Solid Earth Science for Students
(RESESS), Continuously Operating Caribbean GPS Observational Network (COCONet) programs, and has
integrated the GPS Spotlight educational site, initially developed for Kristine Larson at CU Boulder. Table
1-2B shows the activity for individual domains UNAVCO is responsible for maintaining.
Table 1-2A. Quarterly activity for the primary UNAVCO websites. Number of users: the number of different
website visitors. Users are those that have had at least one session within the past quarter (includes both
new users and those returning from prior quarters). Session: the time period a user is actively engaged with
the UNAVCO website. Page Views: the total number of pages viewed; including repeat views of a single
page.
WEBSITE IMPACTS
GAGE Y5Q3
Number of Users

88,324

Number of Sessions

137,852

Page Views

354,192

Table 1-2B. Breakdown of Table 1-2A by third order domain. Note that this metric will change for future
reports, with integration of the points of entry.
NUMBER OF
NUMBER OF
WEBSITE
PAGE VIEWS
USERS
SESSIONS
82,424
130,376
340,374
Y5Q3 www.unavco.org
91

408

489

Y5Q3 resess.unavco.org

1,161

1,473

3,430

Y5Q3 coconet.unavco.org

652

881

1,747

Y5Q3 spotlight.unavco.org

3,996

4,714

8,152

Y5Q3 pbo.unavco.org

UNAVCO Outreach and Broader Impacts
The full reach of UNAVCO science and education cannot be easily measured by numeric statistics. An
overview of reach includes Table 1-3 (activities led during the past quarter) and Table 1-4 (number of
people who were directly impacted by activities). Many of the individuals directly interacting with
UNAVCO and UNAVCO services go on to share information with others.
Table 1-3. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE).
OUTREACH: ACTIVITIES (QTY)

GAGE Y5Q3

Short Courses
Education Workshops and Outreach Events
Internship Programs

3
8
3

Table 1-4. Number of people reached through the activities identified in Table 1-3, by audience.
Researchers and research faculty include nonteaching faculty and researchers; college and university
faculty include tenure and non-tenure track faculty. Other Professionals include anyone participating in
activities for professional growth and development, who do not fall into one of the other professional
categories. Examples of Other Professionals might include Emergency Managers, Park Interpreters,
Federal Agency staff, and Sponsors, among others. Large event visitors are individuals visiting museum
displays and conference exhibit booths.
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OUTREACH: INDIVIDUALS REACHED (QTY)
Researchers + Research Faculty
University + College Faculty
Post-docs
Graduate Students
Undergraduate Students
Public / K-12 Students
K-12 Faculty
Other Professionals
Large Event visitors

GAGE Y5Q3
4
41
8
93
93
35
118
48
5,1113

2. Geodetic Infrastructure Program
2.1 OVERVIEW
This UNAVCO program integrates all geodetic infrastructure and data acquisition capabilities for
continuously operating observational networks and shorter term deployments. Supported activities include
development and testing, advanced systems engineering, the construction, operation, and maintenance of
permanent geodetic 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, metadata integrity, 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 1,130 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,
TLALOCNet stations in Mexico, the multidisciplinary AfricaArray, and several other smaller continuously
observing geodetic networks. UNAVCO now supports operations and management (O&M) of ~800 cGPS
stations globally in 67 different PI networks, which is lower than the number stations reported for Y5Q2 by
35.
The GI program provides engineering services to individual PIs for shorter term GPS/GNSS and TLS
projects, and other investigator-led data acquisition that had been previously managed by the UNAVCO
Facility. While a large share of GI resources in GAGE are tied to ongoing O&M of the PBO, GGN, and
POLENET continuous GPS (cGPS) networks and ongoing support to PI projects, community input
informed two key areas for enhancement, as delineated in the GAGE proposal:
● The continued upgrade of PBO to high rate (>1 Hz), low latency (<1 s), well-hardened sites

to support research activities related to dynamic fault rupture and volcanic eruption
processes, and for early detection of earthquake and volcano hazards and risk mitigation.
● Continued evaluation of the upgrade of all GPS receiver pools for implementation of full

GNSS capability.

Both of these tasks build on the specific recommendations of the Committee on National Requirements for
Precision Geodetic Infrastructure [NRC, 2010]. The evaluation and selection of a UNAVCO preferred
vendor for a new multi-constellation GNSS instrument was completed during GAGE Y2, with new GNSS
instruments procured and initially deployed in Y3, with continued deployments in Y4 and Y5.
At the close of Y5Q3, ~874 PBO, TLALOCNet, and COCONet stations are streaming data in real time and
the PBO GNSS Operations team has deployed 128 of 135 Septentrio PolaRx5 multi-constellation GNSS
instruments (100 original and 15 additional for a total of 115 purchased by UNAVCO and 20 purchased by
7

ODOT for deployment at PBO stations in Oregon by the close of GAGE Y4Q4). No significant issues have
arisen related to the introduction of these new PolaRx5 instruments into the PBO network. There are now
294 stations (~26%) in the PBO network that have been upgraded to GNSS capability (i.e. at least
GPS+GLONASS).
At the close of Y5Q3, the GI group headcount remains at 36 with 35.4 FTE, the same staffing level as for
the close Y5Q2.
A summary of important GI support metrics for Y5Q3 is shown below in Table 2-1.
Table 2-1. Geodetic infrastructure metrics for GAGE.
GEODETIC INFRASTRUCTURE METRICS: SUMMARY OF KEY METRICS

GAGE Y5Q3

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

3

PI Projects & Proposals Supported: NSF-PLR (Qty)

19

PI Projects & Proposals Supported: Other Community (Qty)

13

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

2,138

Permanent Stations Supported: NSF-PLR (Qty)

123

Permanent Stations Supported: NASA GGN (Qty)

58

PI PROJECTS SUPPORTED (QTY)

GAGE Y5Q3

GPS NSF-EAR

3

GPS NSF-Other

0

GPS Other Community

10

GPS NSF-PLR Arctic

10

GPS NSF-PLR Antarctic

0

TLS NSF-EAR

0

TLS NSF-Other

0

TLS Other Community

1

TLS NSF-PLR Arctic

0

TLS NSF-PLR Antarctic

0

PI PROPOSALS SUPPORTED (QTY)

GAGE Y5Q3

GPS NSF-EAR

0

GPS NSF-Other

0

GPS Other Community

2

GPS NSF-PLR Arctic

1

GPS NSF-PLR Antarctic

6

TLS NSF-EAR

0

TLS NSF-Other

0

TLS Other Community

0

TLS NSF-PLR Arctic

1

TLS NSF-PLR Antarctic

1

UNIQUE PI's SUPPORTED (QTY)

GAGE Y5Q3

GPS NSF-EAR: Projects and Proposals

3
8

GPS NSF-Other: Projects and Proposals

0

GPS Other Community: Projects and Proposals

11

GPS NSF-PLR Arctic: Projects and Proposals

10

GPS NSF-PLR Antarctic: Projects and Proposals

0

TLS NSF-EAR: Projects and Proposals

0

TLS NSF-Other: Projects and Proposals

0

TLS Other Community: Projects and Proposals

1

TLS NSF-PLR Arctic: Projects and Proposals

0

TLS NSF-PLR Antarctic: Projects and Proposals

0

PERMANENT STATIONS O&M (QTY)

GAGE Y5Q3

GPS NSF-EAR and Community

800

GPS NSF-PLR Arctic

49

GPS NSF-PLR Antarctic

74

GPS NASA GGN

58

PBO GPS

1,130

PBO Borehole Seismometers

79

PBO Borehole Strainmeters

76

PBO Shallow Borehole Tiltmeters

26

PBO Pore Pressure Sensors

23

PBO Long Baseline Laser Strainmeters

4

POOL EQUIPMENT (QTY & UTILIZATION)

GAGE Y5Q3

GPS NSF-EAR (# Receivers in Pool)

436

GPS NSF-EAR (Average % Utilization)

78%

GPS NSF-EAR (Peak % Utilization)

83%

GPS NSF-PLR Arctic (# Receivers in Pool)

130

GPS NSF-PLR Arctic (Average % Utilization)

50%

GPS NSF-PLR Arctic (Peak % Utilization)

68%

GPS NSF-PLR Antarctic (# Receivers in Pool)

211

GPS NSF-PLR Antarctic (Average % Utilization)

50%

GPS NSF-PLR Antarctic (Peak % Utilization)

73%

GPS Systems Repaired (UNAVCO & Community)

5

TLS (# Scanners in Pool)

8

DEVELOPMENT & TESTING (QTY)

GAGE Y5Q3

D&T Projects Worked

10

D&T Projects Completed

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:
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●
●
●
●
●
●
●
●

1130 permanent GPS/GNSS stations (1,098 PBO core, 32 affiliated)
76 borehole strainmeters (74 PBO core, 1 NSF Continental Dynamics, 1 DOE CO2 Storage)
79 borehole seismometers (78 PBO core, 1 NSF Continental Dynamics)
23 borehole pore pressure sensors
26 shallow borehole tiltmeters
3 long baseline laser strainmeters (3 decommissioned to date in Y5)
144 meteorological stations
874 real-time streaming GPS stations (approximate total including ~770 PBO Core/Cascadia, 17
TLALOCNet, 55 COCONet, 6 in Tanzania, 1 in Nepal)

2.2.1.1 cGNSS Network
During GAGE Y5Q3, the PBO GNSS and Related Networks Group completed a number of tasks in support
of the primary goal of maintaining the PBO GNSS network at a high level of performance. The work
involved upgrading PBO station telemetry to provide high-rate, real-time, multi-constellation GNSS
capable data streams. Engineers continue to replace Trimble NetRS (GPS-only) receivers with Septentrio
PolaRx5 (multi-constellation GNSS) receivers when the former fail. UNAVCO staff began to develop
warehouse downsizing plans for both the Boulder and San Clemente offices. At the close of Y5Q3, 128 out
of 135 PolaRx5 instruments have been deployed, an increase of 4 over the close of Y5Q2. Lastly, UNAVCO
project managers attended and presented at the 2018 Seismology Society of America annual meeting which
was held jointly with the Latin American and Caribbean Seismological Commission 14-17 May in Miami,
Florida.
Other highlights from the GPS Operations group during GAGE Y5Q3 include:
● The 1,100 station core PBO GNSS network uptime percentage for the month of June was 93.4%.
For GNSS, uptime is defined as fewer than three days since data delivery. For Y5Q3, the mean
network uptime percentage was 93.4% and for the project since inception uptime is 94.0%. We
continue to note that deferred O&M has started to negatively impact PBO uptime from its peak in
2012 (see Figure 2-1). The GAGE Y4 and Y5 budgets for PBO GNSS Operations were reduced from
Y3, so this decline in uptime may continue during the remainder of Y5. In addition to decreased
budget to support PBO O&M, many of the components in standard PBO systems are now >10 years
old, including ~75% of the GPS receivers and antennae, which may also be a contributing factor in
lower network uptime. PBO management will closely monitor this situation during the next
quarter.
● During GAGE Y5Q3, there were 135 PBO GNSS site visits, resolving 337 maintenance issues with
219 engineer days in the field. An additional 20 days of engineer travel supported attendance at
required meetings and training.
● UNAVCO engineers repaired the aging 5-station, Bango, Nevada radio network that had failed.
Maintenance included installation of higher frequency, low latency, point-to-multipoint spread
spectrum radios similar to previous modernization deployments elsewhere in the PBO footprint.
● UNAVCO engineers began consolidating warehouse inventory in order to decrease the San
Clemente office footprint, with a plan to downsize into a single unit and occupy half of the current
office/warehouse space to accommodate both a reduction in funding levels and an increase in rent.
● UNAVCO engineers completed 25 RV50 cellular modem upgrades in addition to general O&M in
California during Y5Q3. The region upgraded the two remaining first generation modems
(deployed circa 2007). Collectively, there are now 108 RV50s (modern cell modems), 11 LS300, 77
LC3s and 85 LC2 modems. The work was motivated by major cell service providers that are
phasing out 3G services by December 2019.
● UNAVCO engineers completed an evaluation of data communications performance to determine
potential candidates for incorporating into the real-time data system. Based on the results, a total
of 59 sites were configured and activated on the real-time data system. Out of 600
UNAVCO-operated stations in California, 500 are now streaming data in real time.
● UNAVCO engineers installed new station AT01 for ocean tide and sea-surface elevation
observations for the Alaska Ocean Observing System (AOOS) in St Michael, AK.
● UNAVCO engineers participated in strainmeter maintenance issues in Northern CA.
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●

●

UNAVCO engineers in Alaska, with the help of visiting staff from Boulder, completed a shortened
Alaska helicopter season between June 3rd and 28th. The field crews made ~40 station visits,
covering stations in the SE, Augustine/Cook Inlet, and the Alaska Peninsula. Due to budget
constraints, helicopter operations in the Aleutian Islands were reduced.
TLALOCNet is scheduled to close out its NCE in August 2018. UNAVCO TLALOCNet staff did no
station maintenance for the project this quarter. The remaining budget will pay for station satellite
and cellular telemetry service.

Figure 2-1. GPS uptime time series for PBO network from April 2009 through June 2018.
2.2.1.2 Borehole Geophysics
The Borehole Geophysics group continued to maintain the strainmeter sensors that are part of PBO, with
an operational status of more than 90% for project to date, and 88.8% during the GAGE Y5Q3 reporting
period. The PBO BSM network continues to function at a very high level. The PBO borehole seismic
network also continues to perform above the design metric with 94.6% uptime this quarter. Internal
dataflow systems continue to be hardened and virtualized.
Table 2-2. PBO borehole geophysics network uptime over Y5Q3.
Borehole Strainmeter
Seismic
Number of stations
Uptime June 2018
Uptime Y5Q3

76
88.8%
88.9%

79
93.6%
94.6%
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Tiltmeter
26
66.2%
66.5%

Figure 2-2. PBO seismic network uptime time series from April 2009 through June 2018.

Figure 2-3. PBO Borehole strainmeter network uptime time series from April 2009 through June 2018.
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Figure 2-4. PBO tiltmeter network uptime time series from July 2012 through June 2018. Tiltmeter
network status is tracked on a monthly basis.
Highlights
● BSM field engineers resolved 51 PBO BSM maintenance issues with 58 field days in Y5Q3.
● A maintenance visit to GeoGONAF sites in Turkey resulted in 5 of 6 instruments coming back
online. New cellular communications were installed at 4 stations. Additional fuel and new batteries
should bring the last station (SIV1) online in July 2018 (SIV1 station came online in the first weeks
of Q4).
● Final ICDP funding was approved for deployment of 6 strainmeters on the Alto Tiberina fault in
Italy. The US contribution to this project is funded through the EAR-PH program with an award to
PI R. Bennett at the University of Arizona. UNAVCO will provide the strainmeters and supervise
the installation of excess EarthScope BSM instruments in support of this project during 2019.
● All ASA migrations are now complete; BSM sites are no longer using the old VPN Concentrator.
● High rate barometers were deployed at seven of ten stations that had only low rate data available;
three sites remain to be upgraded.
● Battery replacements were completed at six BSM stations in Y5Q3.
● BSM engineers assisted with GPS projects in Alaska and Nevada.
● The BSM group continued development work on GPS timing hardware upgrades for the GTSM, as
the timing components are a common failure source for BSM stations. A modern chip (UBLOX 8)
has been identified and tested for functional compatibility. Components for these upgrades have
been specified, and will be ordered in Y5Q4.
● Efforts continued to diagnose reparability and improve data quality issues at BSM stations, using
techniques proposed by Mick Gladwin. These efforts have helped distinguish completely failed
channels from channels with reduced amplification that may yet be salvaged.
● A week-long trip to San Juan Bautista and Parkfield confirmed downhole failure on 10 channels
across 5 stations: B058 CH3, B075 Ch1/3, B076 CH0/1/2/3, B078 CH1/2, B079 CH2.
Planned activities for GAGE Y5Q4 include:
● Continue recertification/repair of GTSM components at UNAVCO.
● Continue development work on GTSM upgrades for real-time streaming and modern GPS module.
● Strengthen network where possible prior to the close of the GAGE funding cycle, including
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●
●

communications upgrades, battery swaps, and restocking of warehouse supplies.
Dispose of flatbed trailers containing drill rig and grout mixers.
Prepare for and execute analysis of BSM components and spares as part of the downsizing of the
UNAVCO warehouse at the Boulder facility.

2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego
The PBO Long baseline laser strainmeter (LSM) network will not be supported after the close of GAGE
operations on 30 September 2018. The LSM closeout plan, approved by NSF in March, 2018, is to continue
LSM network operations and data delivery as long as possible during Y5, while also ensuring that
instrument decommissioning/removal is completed before the end of GAGE Y5 within the available scope,
schedule, and budgetary constraints of the subaward. Stations SCS1, SCS2 and DHL2 were
decommissioned by the close of Y5Q3. Stations CHL1 and CHL2 will be mothballed (only optics and
electronics will be removed) in Y5Q4. LSM assets were successfully transferred from NSF/UNAVCO to
UCSD in May 2018. UCSD is leading the development of a manuscript for publication, documenting the
PBO/GAGE LSM network instrumentation and operation, data analysis strategies, procedures and data
products implemented, and key findings resulting from PBO/GAGE subaward support.
Stations SCS1, SCS2 and DHL2 were no longer operational at the close of Y5Q3. DHL2 was taken offline on
6/19/2018. DHL1, CHL1 and CHL2 remained operational at the close of Y5Q3. CHL1, CHL2, DHL1, and
DHL2 (until 6/19/2018) were kept running throughout this period at a reduced level of performance, with
maintenance only completed when feasible. Gradual failure of the main laser in CHL2 resulted in the loss
of useful earth-strain recordings for much of April, May, and June of 2018, but CHL2 is functioning again
at this time. On June 19, 2018, two of the three laser systems in DHL2 failed; a subsequent assessment
resulted in the decision to terminate operation of this instrument. CHL1 and CHL2 are scheduled for
mothballing in Y5Q4. DHL1, installed prior to the PBO network, should continue operations through the
end of GAGE. LSM data processing and products are described in 3.3.2.
Negotiations are nearly finalized with the landowners to remove all UNAVCO liability related to the LSM
installation at Cholame after September 2018. All equipment assets were officially transferred from
NSF/UNAVCO to UCSD in June. We anticipate that the final payment from UNAVCO will be transmitted
to the Cholame landowners in Y4Q5, which would remove any existing and all future liabilities for the LSM
instruments at this location.
Table 2-3. LSM instrument performance metrics (percentage of data recorded at each site) this period.
CHL1

CHL2

DHL1

DHL2

SCS1
(removed)

SCS2
(removed)

Network Average

2018-04

100%

22%

81%

100%

--

--

76%

2018-05

98%

0%

88%

94%

--

--

70%

2018-06

99%

52%

96%

50%

--

--

74%

2.2.1.4 PBO Network Data Return and Data Quality
The PBO network data return target is 85% for all data types except tiltmeters, for which the data return is
on a best effort basis. The summary for all PBO sensor types is shown in Table 2-4. The time series for data
return percentage for the entire period of the GAGE Facility is shown in Figure 2-5. For Y5Q3, all PBO data
types met or exceeded the data return target metric except for LSM and tiltmeter data. Note: LSM data
return takes into account the stations decommissioned in Y5; we note that LSM data return values
reported in Y5Q2 were artificially low because we did not account for decommissioned stations in the
summary metrics.
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Table 2-4. PBO network cumulative data return percentage for quarter and since beginning of GAGE.
Pore
Borehole
Laser
Strainmeter
Strainmeter
Period
Target
GPS
Seismic
Tiltmeter
Pressure
GAGE Y5Q3

85%

94%

95%

95%

100%

62%

92%

GAGE Cumulative
(since 2013-10)

85%

95%

98%

98%

99%

83%

95%

Figure 2-5. PBO network data return percentage from 01 October 2013 through 30 June 2018.
Additional PBO network data return and data quality notes for Y5Q3:
Borehole Strain. The strainmeter network passed the data quality metrics criteria for Y5Q3: 74% of the
network strainmeters recorded compression over the previous 12 months. 79% recorded an M2 tide with a
signal to noise ratio >100 on three or more gauges. These percentages are similar to previous quarters in
GAGE Y1-4. Nine strainmeters failed the requirement to record teleseismic shear: B006 in the Pacific
Northwest, which is thought to be hydrostatically coupled to the surrounding rock, B075, B076 and B078
in Parkfield, B206 and B950 in Yellowstone, B202 on Mt St Helens. B918 in the Mojave also failed the
shear metric this quarter. B202 and B206 were offline throughout Y5Q3 and failed all data quality metrics.
Pore pressure. The Y5Q3 overall pass rate for the data quality metric was 91% compared to 96% in
Y5Q2. The metric is based on the ability of the sensor to track barometric pressure signals. B082 at
Pathfinder Ranch in Anza failed, this site is affected by hydrological pumping and fails most quarters. In
addition B084, also in Anza, failed as data flow from the sensor stopped in Y5Q2.
Tilt. The data quality pass rate for Y5Q3 was 62%. This is lower than Y5Q1 (77%) and Y5Q2 (65%). The
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primary reason for the low pass rate is outages from stations in remote regions that cannot be accessed
until the summer months. Four tiltmeters on Unimak, AV29, AV36, AV37 and AV39 were offline
throughout Y5Q3. Of the 4 tiltmeters installed at GPS sites on Mt St Helens, three were offline throughout
Y5Q3 (P690, P691 and P693), while data flow resumed from P698 on May 30th 2018. B202, a borehole
tiltmeter installation on Mt St Helens, was also offline throughout the quarter.
The number and type of data quality metrics vary by data type. The summary for all PBO sensor types is
shown in Table 2-5. In GAGE Y5Q3, all components of the PBO network passed data quality metrics except
for LSM and shallow borehole tiltmeters, the latter of which failed to pass due to data outages on Mt St
Helens, an Unimak, Alaska.
Table 2-5. Network performance metrics for PBO: data quality.
PBO NETWORK PERFORMANCE: DATA QUALITY (Pass/Fail)

GAGE Y5Q3

PBO GPS

PASS

PBO Borehole Strainmeters

PASS

PBO Shallow Borehole Tiltmeters

FAIL

PBO Pore Pressure Sensors

PASS

PBO Long Baseline Laser Strainmeters

FAIL

2.2.1.5 Real-time GNSS Network Operations
At the close of Y5Q3, UNAVCO was processing 874 real-time stations (Table 2-6), a network growth of 9%
relative to Y5Q2. The number of sites in Table 2-6 indicates the count on the last day of the month. The
average completeness across the UNAVCO RT-GNSS network was 84% for Y5Q3, which is similar to Y5Q2
(83%) (Figures 2-6 A and B). The median latencies ranged from 168 to 174 milliseconds for Y5Q3, which is
slightly better than Y5Q2 (177 to 189). 25% of the network consistently returned latencies (time of travel to
the Boulder network operations center) of less 131 milliseconds. 75% of the network returned latencies of
less than 258 milliseconds. The upper quartile (75%) latencies decreased by ~50 ms compared to Y5Q2
(304 ms). Latencies for the RT-GNSS stations in northern CA near Mendocino continue to remain among
the highest across the network.
Table 2-6. Real-time GNSS network completeness and latency for GAGE Y5Q3.
Month

Number of
Sites

Network

Median
Latency (ms)

25%
(ms)

75% (ms)

Completeness (%)

2018-04

801

83

174

131

262

2018-05

869

85

170

125

258

2018-06

874

84

168

124

253

* Latencies are based on sites online during the quarter.
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Figure 2-6A. Real time GNSS latency during GAGE Y5Q3 plotted to one second.

Figure 2-6B. Real time GNSS median latencies across the western US during GAGE Y5Q3 (2018-06 values).
2.2.2 Field Support for the NASA GGN
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 58
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN) (Figure 2-7). UNAVCO
staff monitor station network connections, ship new equipment to site operators as necessary, and
construct new permanent stations as directed by JPL. UNAVCO staff work closely with local collaborators
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at each station for routine maintenance as well as troubleshooting when data flow is interrupted; they also
perform routine field maintenance and upgrades.
Sixty-one receivers are monitored in the GGN, as 4 stations have multiple receivers connected to the same
antenna. In GAGE Y5Q2, we reported that seven stations had multiple receivers on single antennas, which
was incorrect. The total number of stations dropped by one during the reporting period as IGS station
KELY in Kangerlussaq, Greenland, was decommissioned. The station host is no longer able to support the
operation of the GNSS equipment located there.
Currently, 52 GGN stations are fully operational and provide daily files to the geodetic user community.
Three of the station outages are due to communications issues, and the GNSS receivers themselves are still
tracking. Backlogged data from these sites will be pulled once the communications are restored.

Figure 2-7. Operational state of the NASA GGN on June 30, 2018. Green indicates an operational
station. Orange indicates a station offline for less than a week. The five stations in grey have been
offline for more than one month. One of those five, KELY (Greenland), has been permanently
decommissioned. Additionally, two of the offline sites have internet connectivity issues, and are still
logging data locally.
In June, the communications system was upgraded at station QUIN in Quincy, CA. The station previously
relied on a VSAT dish that had mediocre performance and was vulnerable to strong weather events. The
station now operates with a 5GHz radio link that offers over 2 Mbit/second upload speeds and has a static
IP address for the GNSS computer. An engineer visited the station to prepare the equipment for the
changeover, which required the installation of an antenna mast and network reconfiguration on the
computer. The results thus far show significant drop on latency and strengthened ability to carry a
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high-rate real-time data stream with minimal loss. The VSAT equipment will remain in place to serve as a
backup should a future need arise.

Figure 2-8. The newly installed mast and antenna provide 2 Mb wireless communications at GGN station
QUIN in Quincy, CA. The radio is built into the dish and is powered via a “Power-Over-Ethernet” (POE)
injector using exterior grade Cat-5 network cable.
A UNAVCO engineer travelled to Guam to install a temporary monument and antenna directly adjacent to
the long-running IGS station GUAM. This antenna will operate for at least three months before an upgrade
to the GUAM monument, integrating a height extension and adapter with the existing monument
hardware to allow installation of a calibrated antenna/radome pair. The temporary antenna will continue
to operate for three to six months after the upgrade, to provide a tie for the new GUAM antenna.

Figure 2-9A. The temporary antenna (left side of rooftop, no dome) is located approximately 7 feet away
from the existing IGS antenna GUAM (old opaque dome in center of roofline) and is attached to a separate
receiver inside the building. The GNSS equipment is located at the Guam USGS magnetic observatory,
which also operates various instruments in the area.
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Figure 9B. Close up view of the temporary antenna near the existing IGS antenna GUAM. The temporary
set up is a spike style mount, resting in divots on a heavy gauge steel plate. Each leg of the mount is
weighted down with 25 pound sandbags. Due to the temporary nature of the installation, UNAVCO was not
permitted to drill into the concrete and penetrate the watertight roofing material.
Station NLIB (North Liberty, IA) showed a loss of satellite tracking during April and May. In early June, an
engineer replaced the antenna and ran various tests, that determined the antenna cable was also
contributing to poor tracking. The station has resumed data collection, but with limited tracking capability.
We expect that satellite tracking will return to normal, when the antenna cable is replaced in July 2018.
NASA GGN Performance Metrics include 58 Stations Monitored, 61 Receivers Monitored, and 249
Troubleshoots.
UNAVCO’s support for the IGS Central Bureau is summarized in section 3.4.5.1 below.
2.2.3 Polar Projects: POLENET
POLENET support is a year-round effort for the UNAVCO Polar team. With telemetered cGPS networks in
Greenland and Antarctica, the staff supports a continuous cycle of network monitoring, planning,
preparation and fieldwork. During GAGE Y5Q3, Polar Services focused significant attention on GPS
network activities and managing data flow and quality control for both ANET and GNET. GNET will see a
field season in the upcoming quarter (Y5Q4), and in the meantime, efforts to support GNET have focused
on data and state of health monitoring. With no active PI or NSF award, the support for this extensive
Greenland network has been uncertain, although funding has been secured to keep the network fully
operational through September 30, 2018. UNAVCO has worked with NSF and other stakeholders to
develop cost saving strategies, which could support continued operation of the network.
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Figure 2-10. ANET station THUR, in Antarctica (Photo: N. Bayou/UNAVCO).
At the close of Y5Q3, 86% of the GNET network was actively transmitting data. Secondary systems and
upcoming maintenance efforts are expected to improve this number in Y5Q4. The GNET and ANET
systems are designed with reboot protocols that engage after 30 days of no contact. While the polar
environment is particularly hard on equipment, most of the issues with data retrieval are related
interruption of satellite communications. Silent stations are often operational, and continue to collect and
store data. The upcoming GNET field season will support receiver upgrades at 16 existing stations. A new,
low-power Resolute GNSS receivers manufactured by Alert Geomatics (a subsidiary of Xeos Technologies)
will replace aging Trimble NetRS receivers, primarily at the most northern GNET sites. The low-powered
receiver operates below 2 watts, including the built-in Iridium communications. The Resolute will take
advantage of modern RUDICS Iridium data protocols, reducing the power draw. The reduced battery load
are anticipated to increase the operational lifetime between battery replacements.
GNET Iridium communications continue to provide data downloads and station state-of-health metrics on
a daily basis (Figure 2-11). Overall, GNET performance is strong. The technology is mature, robust and
reliable, despite deployment of end-of-life Trimble NetRS instruments (Figure 2-12). The average
cumulative GNET data recovery, measured by data that reaches the UNAVCO archive, is currently at 91.4%
(Figure 2-11). Field maintenance is planned for Y5Q4; preparation is underway.
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Figure 2-11. POLENET/GNET network status since inception. Solid red area shows the number of stations
operating through time (42 at close of Y5Q3). Blue line shows percentage cumulative monthly data return.

Figure 2-12. GNET continuously operating GPS stations in Greenland shown as green dots.
Y5Q3 support efforts for ANET (Figure 2-14) focused on data retrieval and archiving, as well as planning
for the upcoming field season. Despite lingering uncertainties about the scope of the upcoming field
maintenance effort, UNAVCO is preparing for an increased workload, anticipating new installations in
West Antarctica. By the end of Y5Q3, most ANET sites were operating, with 88% of the 36 core ANET
stations transmitting data to UNAVCO, and an average data return of 89.7% (Figure 2-13).
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LARISSA (LARson Ice Shelf System, also shown in Figure 2-14), a sister network to POLENET, includes
nine cGPS stations operating on the Antarctic Peninsula. The LARISSA award has expired; NSF has chosen
to keep most of the network operational until a long-term plan for continued O&M is developed, however.
Through the coming year, maintenance efforts and routine operations will be shared with investigators
from the British Antarctic Survey (BAS); UNAVCO will provide hardware, data recovery, and technical
resources.
GNET Stations receiving field maintenance visits during GAGE Y5Q3: 0
ANET Stations receiving field maintenance visits during GAGE Y5Q3: 0

Figure 2-13. POLENET/ANET network status since inception. Solid red area shows the number of stations
operating through time (36 at close of Y5Q3). Blue line shows monthly data return percentage.
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Figure 2-14. Locations of ANET (green) and LARISSA (orange) continuously operating GPS stations in
Antarctica. ANET sites decommissioned during the 2016-2018 field seasons are shown in red. Sites
transferred by ANET to UNAVCO are indicated by blue dots.
2.2.4 Network Engineering Support for Other Community GPS Networks
UNAVCO provides operations and maintenance (O&M) support at various levels to PI cGPS networks.
GAGE Y5Q3 activities included support to 800 cGPS stations in 67 different networks (46 NSF-EAR, 2
NSF-Other, 19 Community) that support various PI projects. This is a decrease from 835 stations
supported in GAGE Y5Q2. While stations continue to operate well beyond their original award period,
attrition has begun. If a station does not deliver data in a 2-year period, it is retired from the support list.
During Y5Q3, however, 8 new stations and 2 new networks were added. In addition, the Galapagos
network recently came back on line, with most stations still intact and thus delivering data to the UNAVCO
archive.
O&M support includes data download, state-of-health monitoring and reporting, resolving
communications and equipment issues, shipping of replacement equipment as needed, and working with
PIs and local collaborators to resolve problems. UNAVCO, working closely with PIs and their collaborators,
provides cGPS O&M support at three levels:
●

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

●

Medium – PI or collaborators download the data from the stations, monitor station data flow,
and handle most problems themselves. UNAVCO provides engineering and technical support on a
request basis. Any UNAVCO engineering maintenance trips and materials required for O&M are
covered by the PI project.
Low – UNAVCO provides only archiving and a low level technical support. UNAVCO does not
monitor or download data from stations. UNAVCO provides engineering support on a request
basis.

The performance of each cGPS network varies greatly, depending on the method of data delivery, funding
status, and local support. Networks with stations that are online, downloaded, and archived by UNAVCO,
and serviced by engaged local collaborators, typically show a higher data return (75-100%) than those that
are manually downloaded (typically little or no recent data in any particular quarter).

2.3 PI PROJECT SUPPORT
2.3.1 EAR PI GPS Project Engineering and Equipment Support
UNAVCO provides state-of-the-art GNSS equipment and engineering services to PI projects. This includes
project management (for both GNSS and TLS projects), planning, installation, operations and
maintenance of continuous, permanent GPS/GNSS station networks around the globe. Engineers and
technicians also undertake technology development, testing, and systems integration to support new
project demands.
2.3.1.1 GPS PI Project Support
During GAGE Y5Q3, 13 PI projects were supported by UNAVCO, including 3 NSF-EAR, 0 NSF-Other, and
10 Community. Staff members were involved in proposal development, project planning, network design,
monument design, equipment preparation and installation, and establishing real-time data flow. In
addition, UNAVCO supported two new PI proposals (0 NSF-EAR, 0 NSF-Other, and 2 Community)
through the development of budgets, scope of work documents, and letters of support.
Project highlight (NSF-EAR): CAREER: “Convergence of Space Geodesy in Plate Boundary
Research and Geoscience Education” and COCONet maintenance. Principal Investigator: Dr. P.
LaFemina, Pennsylvania State University. Project description: Over two weeks in April 2018, PhD student
Gorki Ruiz from The Pennsylvania State University (PSU), Omar Espinoza (Sub-Director General), Javier
Cornejo (Departamento de Geodesia) and Demetrio Garcia (Departmento de Cartografia) from Instituto
Geográfico Nacional "Tommy Guardia" (IGNTG) / Autoridad Nacional de Administración de Tierras
(ANATI), and Dylan Schmeelk from UNAVCO traveled throughout much of Panama to service previously
installed continuous GPS stations (cGPS) as part of LaFemina’s CAREER project. By piggybacking on this
already funded project, the team was able to complete necessary COCONet station relocations
(installations) that would not be able to occur because of the lack of funding for COCONet (Figure 2-15).
This was part of an ongoing project to investigate the complex interactions between the Caribbean, Cocos,
and Nazca plates. Collaboration with the Instituto de Geociencias at the Universidad de Panama (IGC) was
essential to the success of the equipment relocations. During this trip, the team visited six cGPS sites.
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Figure 2-15. Two new COCOnet stations (CN55 and CN56) were installed as an addon to fieldwork
associated with the CAREER project (PI: P. LaFemina, PSU). These replace stations CN33 and CN34 which
were decommissioned due to structural issues that developed with the buildings upon which they were
installed.
2.3.1.2 EAR GPS/GNSS Instrument Pool
The GAGE Facility receiver pool now consists of 436 GPS or GNSS capable receivers (Figure 2-16),
including Trimble NetR9, R7 and Septentrio PolaRx5 and APS-RTK systems purchased by UNAVCO for
use as campaign instruments, project loans, and to support specific NSF-EAR projects deployed in
semi-permanent installations. Note that the large decrease from previous quarters is a result of UNAVCO
providing deprecated Trimble NetRS and Topcon GB1000 receivers to the community (as reported in the
previous reports). In GAGE Y5Q3, we saw a continued high level of use of the UNAVCO receiver pool with
an average of 78% and a peak of 83% (Figure 2-17).
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Figure 2-16. UNAVCO NSF-EAR GNSS receiver pool inventory from 1 October 2003 through 30 June
2018. The metric reflects the number of receiver pool instruments. Note: the drop in the number of units in
2006 is due the NSF-PLR receiver pool no longer being included in this metric and the large distribution of
deprecated receivers to the science community in 2018.

Figure 2-17. UNAVCO NSF-EAR GNSS receiver pool utilization from 1 October 2003 through 30 June
2018. The metric reflects the proportion of receiver pool instruments that are sourced out of the UNAVCO
GeoLogistics Center and assigned to any project during a given week.
2.3.1.3 GPS Instrument Repairs
The GAGE Facility continued its work as an authorized Trimble repair facility for the UNAVCO community
during GAGE Y5Q3. Future Trimble repairs, however, will now be handled directly by Trimble or other
authorized repair centers. Since the introduction of the Trimble NetRS and up to the release of Trimble’s
multi-constellation GNSS instrument, the NetR9, the UNAVCO community has purchased thousands of
receivers through the UNAVCO Community instrument purchase program. As part of this program, new
receivers came with a five year warranty and the stipulation that repairs are handled by UNAVCO. This
arrangement has brought the costs down for equipment purchases and further enables GPS instruments to
be used for longer periods of time. Since almost all of these receivers are now out of warranty and the new
Trimble GET purchase program does not require UNAVCO to be the repair center, UNAVCO will no longer
handle any Trimble repairs. Likewise, all Septentrio repairs are handled by the manufacturer.
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In GAGE Y5Q3, UNAVCO processed 5 Return Merchandise Authorizations (RMAs), including repairs for
GPS receivers, antennas, and surface meteorological packages. The repairs ranged from vendor returns to
board level repairs. An offsite contractor, managed by UNAVCO staff, is currently providing this PI support
service. In addition, UNAVCO provides office support to collaborators who repair PI equipment in remote
locations, typically a flashcard replacement in a NetRS receiver or an upgrade for antenna LNAs.
2.3.2 Polar Services
UNAVCO supports diverse science applications in the polar regions, including geology, glaciology,
volcanology, climatology and work at the ocean-ice interface. PI support commonly requires extensive
fieldwork, and in Antarctica, travel and logistics are particularly challenging (Figure 2-18). Five engineers
and one project manager support Polar Services as part of the GAGE Facility. All current team members
provide direct support to fielded projects and participate in polar project planning and preparation.
Planning and support activities for the Arctic and Antarctic are ongoing year round, currently with
significant overlap of the two seasonal efforts. UNAVCO provides year round support to GNET, ANET, and
LARISSA networks as well as to other continuously operating instrumentation sites. This work includes
both field deployments and data management.

Figure 2-18. The Convoy Range near McMurdo Station, Antarctica. (Photo: J. Pettit/UNAVCO). UNAVCO
PI support commonly requires extensive fieldwork, and in Antarctica, travel and logistics are particularly
challenging.
UNAVCO engineers have provided direct support to 10 Arctic projects during GAGE Y5Q3, and anticipates
indirect support for up to a 10 more by the end of the 2018 summer through equipment supplied to the
Toolik Lake Field Station in Alaska. An accounting of those additional projects will be made through the
camp manager at the end of the field season.
Regular Terrestrial Laser Scanning (TLS) support is provided to PI teams in the Arctic and Antarctic.;
however, no TLS projects in the Arctic or the Antarctic were supported in Y5Q3. Polar engineering staff
used this time to develop a working safety and operational protocol for the new Riegl VZ-6000 scanner, to
account for its potential eye hazard. The VZ-6000 is a TLS instrument is capable of impressive 5 kilometer
ranging performance and is particularly well suited to ice and snow. It was used successfully this quarter at
the Slumgullion slow slip landslide in central Colorado, and is well booked for the upcoming Antarctica
field season.
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UNAVCO Polar Services continues to use Structure from Motion (SfM) as an imaging tool, employing a
small unmanned aerial vehicle platform (or UAV, e.g. DJI Phantom-4 Pro). The data products from such
missions include high resolution, georeferenced imagery, high resolution 3D surface terrain models. The
goal is to use SfM techniques to create cost effective digital elevation maps products for OPP PIs. These
products mesh well with those provided by the laser scanners, and should prove to be complementary to
each other. With success in the Antarctic and in the high arctic, UNAVCO engineers deployed the aircraft
for three SfM projects in the Antarctic during the first quarter. There were no additional projects in Y5Q3.

Figure 2-19. UNAVCO Field Engineers Annie Zaino and Thomas Nylen configuring a temporary GNSS base
station near Holiday Peak, Antarctica. (Photo: J. Pettit/UNAVCO).
Planning and preparation for the upcoming Antarctic field season is already underway. In addition to
ongoing data recovery and archiving form telemetered sites, direct field support for two significant arctic
projects will commence in earnest during early Y5Q4.
UNAVCO monitors and maintains several GPS networks in addition to POLENET in the Arctic and
Antarctic, and also maintains GPS reference stations and forward-deployed equipment at multiple
locations. In the Arctic, these stations are at Barrow, Atqasuk, Toolik Lake camps in Alaska, and Summit
Station in Greenland. In Antarctica, installations are located at three continuously operated US research
stations: McMurdo Station, Palmer Station and the Amundsen-Scott South Pole Station. Four continuously
operating reference stations are also active in the McMurdo Dry Valleys region of Antarctica. The Arctic
forward fielded equipment is often used by as many as a dozen additional, unscheduled science teams each
year. UNAVCO is working with Arctic camp managers to capture details of this additional support.
Currently, there are 130 GPS receivers in the Arctic pool and 211 systems in the Antarctic pool. Many of
these are deployed year round in support of PI-projects that require continuous stations in Greenland and
Antarctica.
The Polar Services manager provides supporting documents, including budgets and letters of support to
PIs submitting to the NSF solicitation for Polar research opportunities or NASA solicitations. During Y5Q3,
the Polar Projects Manager provided support materials for two proposals for the NSF always-open Arctic
solicitation and seven document sets for Antarctic proposals.
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2.3.3 Geodetic Imaging (TLS)
Geodetic Imaging (TLS) activities during GAGE Y5Q3 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, with work currently being performed by a Field Engineer I). Field engineering
support from the PI Projects groups varies with demand. In GAGE Y5Q3, a total of three TLS projects and
proposals (1 Other Community, 1 NSF Arctic proposal, and 1 NSF Antarctic proposal) were supported by
the Geodetic Imaging team (Figure 2-20). Other activities included maintenance and upkeep of the TLS
instrument pool and continued research and development of workflows and best practices around
Unmanned Aerial Systems (UAS) and their use for geodetic imaging.

Figure 2-20. Number of TLS projects and proposals supported by UNAVCO through 30 June 2018. Note
last entry contains only three additional quarters.
To meet the needs of a diversifying TLS user community, UNAVCO is actively developing training
resources and documentation to support Earth Science TLS users. The T
 LS Knowledge base provides
resources with a focus on software tutorials and training.
Geodetic Imaging staff worked with Polar Services to develop a working safety and operational protocol for
the new RIEGL VZ-6000 scanner, to account for its potential eye hazard. The VZ-6000 is a TLS
instrument that is capable of collecting data at ranges of up to 6 kilometers and is particularly well suited
to ice and snow. It was used successfully this quarter at the Slumgullion slow slip landslide in central
Colorado, and is booked for the upcoming Antarctica field season. Also this quarter the Riegl VZ-2000 was
returned to Riegl USA for scheduled regular maintenance (2 year service).

2.4 DEVELOPMENT AND TESTING
The GAGE Facility Development and Testing (D&T) team is now staffed by 1.8 FTE at the Project Manager
III and Engineer III levels. UNAVCO’s Development and Testing effort incorporates the PBO BSM and
GNSS testing tasks. Ad hoc contributions to individual D&T projects from other UNAVCO groups have
been critical to the effort, with individuals participating in projects of direct interest to their operational
needs. The ongoing development of teqc s oftware and implementation of receiver- and server-based
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real-time GNSS positioning capabilities in close collaboration with GDS are important ongoing projects
undertaken by D&T staff. Under guidance from the Development and Testing Product Council, activities
continue to be oriented toward six important goals: 1) development of battery monitoring tools, which can
help realize economy and efficiency of field operations; 2) evaluation of data communications systems
suitable for use anywhere in the world; 3) evaluation of real-time positioning methods, both receiver- and
server-based, for use in earthquake early detection and other geohazard monitoring applications; 4) review
and improvement of GNSS receiver firmware and capabilities in collaboration with Septentrio and
Trimble; 5) evaluation of new GNSS antenna designs that may result in economical network upgrades in
the future; and 6) evaluation of long-term GNSS monument stability.
New PolaRx5 firmware was released by Septentrio in April 2018 and approved by D&T for general use after
a final evaluation. This firmware addressed an issue that UNAVCO had identified during the RFP process
in 2015: the large proprietary format file size used for GNSS observables. By introducing a new set of
observable messages, the file size (and streaming bandwidth) is reduced by up to 75% compared to the
earlier version of an *.sbf file. Unfortunately, the process of adding the capability to decode these messages
in UNAVCO’s teqc program (used to translate and perform data quality control) will take a significant
amount of time and effort from the GDS archive group. Early users of the new message structure will be
entirely reliant on Septentrio’s translation software “sbf2rin”, which is available for Windows and Linux
operating systems only, until and if teqc is updated.
UNAVCO received an evaluation unit of a newly released GNSS receiver from Trimble - the “Alloy.”
Intended as the replacement for the 9-year-old Trimble NetR9 widely used in UNAVCO’s global networks,
the new receiver preserves the firmware structure and development path of the NetR9, while adding
Spectrum Analysis and Filtering capability and Wi-Fi host and access point hardware in addition to the
existing functions of the NetR9. The receiver has a new form factor and hot-swappable batteries that would
make it more suitable for campaign use and in harsh environments. At this time, it appears that the Alloy
price will be significantly higher than both the NetR9 and Septentrio PolaRx5 receivers against which it
was designed to compete.
The D&T group is undertaking a similar evaluation process to the one used in the 2015 GNSS Instrument
Preferred Vendor RFP, and has to date completed power testing and file size comparisons, while gathering
data for QC and positioning analysis. RF Interference testing is planned for Y5Q4. Power consumption of
the Alloy in various configurations was found to be slightly, but not significantly, lower than that of the
NetR9 in many configurations (minimum power consumption in GPS L1/L2 of 3.2 watts) but still
significantly higher than that of the Septentrio PolaRx5 (minimum 2.0 watts). Figure 2-21 shows the
effects of enabling GNSS signals and constellations on power draw.
The D&T Performance Metric for Y5Q3: 12 Development and Testing projects worked upon, one of which
was completed.
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Figure 2-21. Power consumption profile of the newly released Trimble Alloy receiver. Initial configuration
of GPS L1/L2 has a minimum draw of only 2.28 W. At 30 seconds GPS L5 was enabled drawing an
additional 0.2 W. The initiation of SBAS tracking at 60 seconds caused a negligible increase, as did the
addition of GLONASS at 90 seconds. Galileo was turned on at 120 seconds, drawing an additional 0.25 W
as did the addition of Beidou/QZSS/IRNSS at 150 seconds.

2.5 GI PROGRAM SUMMARY
GAGE Y5Q3 was another successful quarter for GI. Progress, albeit slowly, continues on upgrades to PBO
stations to ensure more robust and lower latency data flow for RT-GNSS stations. Four additional PolaRx5
instruments were deployed in PBO replacing NetRS instruments. Review and testing of firmware updates
for PBO Trimble NetR9 and Septentrio PolaRx5 instruments continue and D&T has begun a robust
evaluation of the new Trimble Alloy multi-constellation GNSS instrument. EAR, OPP, and community PIs
continue to receive excellent support in the field as well as for project and proposal planning. Despite the
ongoing challenges associated with travel to and working in Turkey at this time, power, data flow, and data
product generation are now fully implemented for all 6 GeoGONAF BSM stations in Turkey. COCONet and
TLALOCNet construction is now complete and both of the awards are in the final months of their No Cost
Extensions, with revised end dates of August 31, 2018. At the close of Y5Q3, the GI group headcount was
36 with 35.4 FTE, which is the same as at the close of GAGE Y5Q2. UNAVCO is not actively searching to
add or replace any staff 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 GNSS (downloaded files and high-rate data streaming in real time (RT-GNSS)),
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 synthetic aperture radar (SAR) data from foreign
space agencies. GDS services include data operations (managing metadata, data download, ingestion and
preprocessing); data products and services (generating processed results, QA/QC, and state-of-health
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monitoring); data management and archiving (distribution and curation); cyberinfrastructure; and
information technology (systems and web administration). In order to perform this work, GDS maintains a
highly specialized technical staff, onsite and offsite computer facilities with networking, servers and disk
storage, and manages a number of subawards to university groups who provide additional products,
software and training. The GDS Advisory Committee met June 26-27, 2018 at the UNAVCO facility in
Boulder, Colorado.
A summary of selected Y5Q3 highlights is provided below, with details provided in the following sections.
GDS Metrics Highlights:
●

The total volume of data archived this quarter, 8.3 TB, was significantly lower than last quarter’s
23.8 TB which was primarily due to fewer SAR data acquisitions. The total volume of data
archived (all sensors) is now more than 314 TB, including 9.8 TB of ALS data archived at
OpenTopography/NCALM (Figure 3-1).

●

The total volume of data delivered to users this quarter, 14.9 TB, was somewhat lower than last
quarter, primarily due to fewer GPS standard rate and high rate data deliveries, and despite surges
in BSM data and product deliveries compared to last quarter. The total volume of data delivered
(all sensors) now exceeds 489 TB (including 16 TB of ALS data delivered via OpenTopography
prior to GAGE) as shown in Figure 3-2. As was the case last quarter, the volume of deliveries was
artificially low (probably by several TBs) as Trimble’s PIVOT does not collect RT-GNSS metrics for
Septentrio receivers.

●

The number of Y5Q3 unique users across all datasets was 6,547. This was lower than the Y5Q2
value of ~10,400 which was influenced by a surge in unresolved IPs obtaining very few files. As
part of an ongoing effort to provide the most accurate metrics possible, slight updates to some
previously reported values were made based on new information and refinements to the metrics
tracking and reporting process.

Data Operations and Management Highlights (3.2)
●

Routine operations were stable. Developers resolved an issue discovered with the MetaData
Manger (MDM) system related to a specific radio/modem model.

●

Fourteen GNSS and two TLS campaign datasets were archived this period.

Data Product Highlights (3.3)
●

The GNSS Data Products Subcommittee (GDPS), established in Y4Q4, convened twice via telecon
in Y5Q3. A 16-page written report summarizing their recommendations on current topics was
submitted to the GDS Advisory Committee (GDS AC).

●

A total of 1,859 GPS stations were processed by the GAGE GPS Analysis Centers (ACs) and
Analysis Center Coordinator (ACC). One new station was officially added to the data analysis
stream, while nearly 400 new stations in North America and Antarctica are being evaluated for
future analysis. Routine AC/ACC operations were stable.

●

The GPS ACC analyzed multiple earthquakes this quarter and generated coseismic displacement
products for the 2018-05-04 M6.9 Leilani Estates, Hawaii event.

●

The GPS ACC now denotes earthquakes by universal ANSS catalog (ComCat) identifiers as well as
PBO/GAGE sequence numbers in order to be consistent with other data centers.

●

Regular monthly analysis operations conference calls were attended by UNAVCO and AC/ACC
personnel.

●

All operational GPS data products in the GAGE analyses are now using ITRF2014; the transition
occurred on 2018 June 10, GPS week 2005 day 0. A user advisory was posted on the UNAVCO
website and broadcast via the unav-all mailing list.

●

As part of the GAMIT/GLOBK Community Support subaward, MIT added support for new
receivers and antennas, and continued to provide regular updates for differential code biases
(DCBs), mapping functions (VMF1), and atmospheric loading required by GAMIT users. MIT
issued 21 royalty-free licenses to educational and research institutions.
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●

UNAVCO supported ten custom requests for high-rate (1Hz or greater) GPS data downloads in
Y5Q3 including six geophysical event responses and four non-event PI requests.

●

Two fully processed high rate (1 Hz) borehole strainmeter datasets were generated this quarter in
response to the 2018-04-05 M5.3 Santa Cruz Is., CA and 2018-05-04 M6.9 Leilani Estates, HI
earthquakes.

●

PBO long baseline laser strainmeter (LSM) network operations and data flow are in the process of
being discontinued prior to the end of GAGE Y5. Data acquisition, editing, and archiving
operations for the still-functioning stations were routine during Y5Q3, although overall network
data quality did not pass the required metric this quarter.

●

Meteorologic and hydrologic data product operations were stable; development efforts ongoing.

●

LiDAR data product operations were stable.

Data Management and Archiving Highlights (3.4)
●

Data archiving and distribution is an operational activity that continues to grow, with a total of 83
continuous GPS/GNSS stations added to the archive in Y5Q3 from the following networks: NOAA
AOOS, COCONet, PBO and PI projects in Oklahoma, Panama and the Mediterranean.

●

Due to changes in the services offered by California Digital Libraries, UNAVCO is in the process of
migrating its DOI minting/registration to the similar service provided by DataCite. In addition to
development work dedicated to this transition, new DOI landing pages and a data downloader for
DOI’s were developed and distributed on the UNAVCO website.

●

Following the successful migration of the Archive database engine from Oracle to PostgreSQL last
quarter, schema cleanup and other streamlining of the database and operations continued. As part
of the new Archive Metadata Interface (“AMI”) development, the back-end Java Spring based web
services API that was developed for the ConnectUNAVCO EarthCube project is being expanded to
delivery a wider array of metadata usable within AMI and other applications.

●

Routine data flow operations were stable this quarter. Maintenance work was performed and
numerous minor system enhancements were implemented. The archiving of high rate data from
new GNSS data streams was implemented. Documentation was updated. Data flow systems were
updated in preparation for delivery of the new data products that will be produced by the ACC as
part of the reprocessing effort and transition to IGS14 products as described in section 3.3.1.

●

An internal training class on UNAVCO TEQC software for GNSS data preprocessing, prepared and
taught be Dr. Lou Estey, took place in May. A new release of TEQC was made available to the
community in June.

●

The Plate Motion Calculator on the UNAVCO website was updated to include ITRF14 as a viewing
option.

●

A professor at the Irwin S. Chanin School of Architecture, the Cooper Union for the Advancement
of Science and Art, New York, New York, contacted UNAVCO for permission to use a modified
image from the Jules Verne Voyager in a publication; UNAVCO supported this request and created
a custom publication-quality image.

●

The volume of GPS/GNSS standard rate data archived and delivered were comparable to last
quarter. The volume of high-rate GNSS data archived was comparable to last quarter, but the
delivered volume was notably lower than previous quarters.

●

The number of GNSS data users (distinct IPs) accessing standard rate GNSS data ranged from
1,829 to 2,324 per month this quarter, which is typical of recent quarters except for the surges of
unresolved IPs from January 2018 and November 2017.

●

Fifty-six new users requested access to the data streams in Y5Q3 bringing the total number of
registered RT-GPS users to 901 (Figure 3-5), an increase of 7% compared to Y5Q2. The largest
growth in user numbers was in the Commercial group.

●

As in previous quarters, problems with the PIVOT software led to deactivation of RT-GNSS data
usage tracking. For this reason, RT-GNSS and overall data volume and user metrics are artificially
low this quarter by significant amounts, and will continue to be artificially low until this issue is
resolved.
34

●

Seismic, strain, tilt and pore pressure data volumes were mostly typical and slightly increased
compared to last quarter. The trend of increased volume of BSM data products delivered continued
with another new record of 1.5 TB (compared to 557 GB in Y5Q2) that was accompanied by an
increase in BSM raw data deliveries as well. These BSM data delivery increases were significant,
although it is difficult to ascertain the reason(s) for this surge. Tiltmeter data deliveries increased
again this quarter, setting a new record at 47 GB, more than double the deliveries in Y5Q1 (22 GB),
and continuing the growth observed throughout Y4 and into Y5.

●

The new Data Engineer, hired last quarter on a term appointment to develop the TLS archive and
web service, made considerable progress in Y5Q3 on archive cleanup and product standardization.
He has also improved data ingestion scripts. Progress has also been made on the development of
an end-point for the Open Geospatial Consortium Web Feature Service (OGC WFS), to improve
access to TLS data and for integration within the broader GDS ecosystem. We expect partners such
as OpenTopography will federate this service, adding significantly more visibility to available TLS
data.

●

The surge in SAR data archiving continued this quarter, the result of a large number of PI ALOS-2
orders in response to a JAXA order deadline that fell on 31 March 2018. The volume of SAR data
delivered in Y5Q3 (2.5TB) is comparable to the previous quarter.

Cyberinfrastructure Highlights (3.5)
●

Experiments utilizing Amazon Web Services (AWS) for the EarthCube Building Blocks
“GeoSciCloud”, in collaboration with IRIS and GPS analysis center subaward partners Central
Washington University and New Mexico Tech, were completed and we have initiated work to
repeat the same work plan tasks within the TACC/XSEDE cloud. Biweekly telecons advance this
work.

●

Support for EarthCube Project 418 continued, with incorporation of Schema.org metadata into the
DOI API and encoding JSON-LD into the UNAVCO data DOI landing pages, as well as
development on the web pages supporting the JSON-LD. A dynamic DOI search capability was
added. The web pages now display composite DOIs and developers are looking into providing a
method for users to copy/paste information displayed and use it in their publications.

●

Development efforts continued to gather metadata information for all GPS stations archived either
at UNAVCO or UNR. This information has been loaded into UNAVCO’s GeoServer instance
supported locally. Work was initiated to develop a web service that would make station offset
information available for earthquake and maintenance events.

●

Development work was done to prototype display of maintenance and earthquake events on time
series plots using the open source graphing software Dash.

●

Evaluation of the software package Grafana began. Grafana is an open platform tool for analytics
and monitoring, and is widely used within our community.

●

Evaluation of timescaledb, an open-source time series database powered by Postgres (UNAVCO’s
existing database software) began. Timescaledb provides scalability for large time series data sets.
Initial testing of the plugin demonstrated significant performance improvements. It also provides
efficiencies, as it leverages an existing license.

Internal Computing Initiatives and Support Highlights (3.6)
●

More than 240 TB of data storage capacity was added to support recent surges and projected data
volume requirements, as well as to support migration of data from older Sun storage appliances
that are EOL. The Sun storage hardware is over 10 years old and disk failure rates have been
increasing. In addition some of the appliances have failed and IT has had to buy refurbished
hardware to recover data on the drives within failed appliances.

●

UNAVCO started participating in monthly calls for the Large Facility Security Team created by
Trusted CI, the NSF Cybersecurity Center of Excellence. Two recent calls had presentations on
General Data Protection Regulation (GDPR) passed by the European Union in 2016 and an
introduction to controls that form a defense against common attacks to computer systems and
networks. The hope is that these calls and working with other members on this team will assist
UNAVCO in staying current with cybersecurity best practices.
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●

UNAVCO was asked to provide a means to stream real-time GNSS data from a defined set of
stations as part of the ShakeAlert project with USGS. Several methods for providing the data were
investigated. The recommendation provided to USGS was to connect to unused ports on the
receiver and to configure the receiver to stream real-time GNSS data simultaneously with the
existing port that is used by UNAVCO.

●

The IT group provided support for all the interns associated with the RESESS and USIP summer
programs coordinated by the ECE group. This included preparation and deployment of laptop
computers, software, creating Google accounts, deployment of office equipment, and internal
system administrative functions to give the interns access to facilities at UNAVCO. IT continues to
provide technical support for the interns while they are at UNAVCO.

●

Enhancements were made to improve cellular modem maintenance activities within MDM.

●

Two developers participated in training at Texas Advanced Computing Center (TACC) in early
June to learn more about capabilities and resources available. This training will be used to
complete the work at TACC for GeoSciCloud and possibly moving UNAVCO ‘s backup facilities in
the future to TACC.

GDS Personnel Notes
●

Fran Boler, Project Manager III, retired from from UNAVCO.

●

Steve Smith, Systems Administrator Technical Lead, resigned from UNAVCO.

●

Jeremy Smith, Software Engineer III Technical Lead, resigned from UNAVCO.

●

Mark Power, was (re)hired as the new Systems Administrator Technical Lead.

●

Chris Crosby was promoted from Project Manager II to III.

●

Three USIP interns began working on GDS projects this quarter: Justine Overacker, Sean Malloy,
Kawan Amelung (all three reporting to D.A. Phillips) and Nate Ewan (reporting to D. Ertz).

GDS data metrics are summarized below in Tables 3-1 and 3-2.
Table 3-1. Geodetic Data Services metrics for GAGE facility.
GEODETIC DATA METRICS: SUMMARY OF KEY METRICS
Campaigns Archived - All Sensors (Qty)

GAGE Y5Q3
16

Permanent Stations Archived - All Sensors (Qty)

3,073

Data Volume Archived - All Products (GB)

8,335

Data Volume Delivered - All Products (GB)

17,144

PBO Data Volume Archived - All Products (GB)

2,972

PBO Data Volume Delivered - All Products (GB)

9,398

CAMPAIGNS ARCHIVED (QTY)

GAGE Y5Q3

GPS

14

TLS

2

PERMANENT STATIONS ARCHIVED (QTY)
GPS - All sample rates and delivery methods

GAGE Y5Q3
2,851

GPS High Rate (1-Hz and Higher)

932

Delivered via Stream

742

Delivered via Download, Continuous

165

Delivered via Download, Intermittent

32
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Seismic

83

BSM

86

Tilt

26

Pore Pressure

23

LSM

4

TOTAL STATIONS W/ DATA MAINTAINED IN ARCHIVE (QTY)

GAGE Y5Q3

GPS - All Stations with Data

13,543

GPS - All Campaigns with Data

1,056

GPS - All Permanent Stations with Data

3,505

Seismic

84

BSM

88

Tilt

27

Pore Pressure

23

LSM

7

DATA VOLUME ARCHIVED (GB)

GAGE Y5Q3

GPS - All sample rates and delivery methods

5,942

GPS Standard Rate

1,304

GPS High Rate

3,620

GPS Data Products (Level 2 and higher)

1,018

Seismic

256

BSM Raw Data

108

BSM Data Products

2

Tilt

1

Pore Pressure

1

LSM Raw Data

2

LSM Data Products

<1

SAR

1,918

TLS

105

DATA VOLUME DELIVERED (GB)

GAGE Y5Q3

GPS - All sample rates and delivery methods

7,305

GPS Standard Rate

4,698

GPS High Rate

1,340

GPS Data Products (Level 2 and higher)

1,267

GPS Real Time Streams

-

Seismic

2,776

BSM Raw Data

321

BSM Data Products

1,507

Tilt

47

Pore Pressure

100

LSM Raw Data

<1
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LSM Data Products

<1

SAR

2,544

TLS

2,544

DATA USERS (QUARTERLY TOTAL QTY)

GAGE Y5Q3

GPS Standard Rate (unique IPs)

1,997

GPS High Rate (unique IPs)

120

GPS Data Products (unique IPs)

360

GPS Real Time Streams (active registered users)

-

Seismic (2nd level domains)

114

BSM Raw Data (2nd level domains)

39

BSM Data Products (2nd level domains)

42

Tilt (2nd level domains)

14

Pore Pressure (2nd level domains)

45

LSM Raw Data (2nd level domains)

5

LSM Data Products (2nd level domains)

5

ALS (unique users reported by OpenTopography)

138

SAR (active registered users)

13

TLS (unique IPs)

22

CUSTOM HIGH RATE GPS DATA REQUESTS THIS PERIOD (QTY)

GAGE Y5Q3

Event response

6

Total

10

NSF & NASA COMMUNITY SOFTWARE (QTY)
TEQC downloads

GAGE Y5Q3
5,493

TEQC information requests

170

ISCE downloads

148

Table 3-2. Geodetic Data Services metrics for PBO network.
PBO DATA VOLUME ARCHIVED (GB)

GAGE Y5Q3

PBO GPS

2,658

PBO GPS Standard Rate

613

PBO GPS High Rate

1,303

PBO GPS Data Products (Level 2 and higher)

742

PBO Seismic

215

PBO BSM Raw Data

93

PBO BSM Data Products (Level 2 and higher)

3

PBO Tilt

1

PBO Pore Pressure

1

PBO LSM

2

PBO LSM Data Products (Level 2 and higher)

<1
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PBO DATA VOLUME DELIVERED (GB)

GAGE Y5Q3

PBO GPS

4,747

PBO GPS Standard Rate

2,278

PBO GPS High Rate

1,218

PBO GPS Data Products (Level 2 and higher)

1,251

PBO GPS Real Time Streams

<1

PBO Seismic

2,668

PBO BSM Raw Data

321

PBO BSM Data Products (Level 2 and higher)

1,507

PBO Met

8

PBO Tilt

47

PBO Pore Pressure

100

PBO LSM Raw Data

<1

PBO LSM Data Products (Level 2 and higher)

<1

Figure 3-1. Cumulative total volume of UNAVCO
data archived from 01 January 2004 through 30
June 2018. More than 314 TB of data have been
archived including >8 TB in Y5Q3 and >218 TB
since the beginning of GAGE. Note that last entry
contains only three additional quarters.
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Figure 3-2. Cumulative total volume of UNAVCO
data delivered to users from 01 January 2004
through 30 June 2018. More than 489 TB of data
have been delivered including >15 TB in Y5Q3 and
>356 TB since the beginning of GAGE. Note that
last entry contains only three additional quarters.

Figure 3-3A. Number of GPS/GNSS data users by quarter from 01 January 2009 through 30 June 2018,
including 5,838 users in Y5Q3. GPS/GNSS users are counted by unique IP address. Note 1: spikes in the
quarters ending 2014-03, 2016-12 (off scale at 15,700+), 2017-12 (off scale at ~14,100+) and 2018-03 (off
scale at 9,600+) were due to extremely high numbers of unique, unresolved IPs each accessing just a
handful of files. Note 2: starting in 2016-06 the number of RT-GPS users has been artificially low due to
the inability to collect of RT-GNSS metrics on Septentrio receivers. Note 3: from 2009-01 to 2017-09 the
reported number of quarterly users is based on the average number of IPs from each constituent month,
but beginning in GAGE Y5 (2017-10) the reported number of quarterly users is based on the actual unique
number of IPs over all 3 constituent months, which is more accurate.

Figure 3-3B. Number of data users excluding GPS/GNSS (by second level domain or unique
authentication) from 01 October 2013 through 30 June 2018, including 709 users this quarter. Note 1:
spikes in the quarters ending 2014-03 and 2016-12 were due to extremely high numbers of unique,
unresolved IPs each accessing just a handful of files, with the total volume accessed by these distinct IPs
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being small. Note 2: from 2009-01 to 1017-09 the reported number of quarterly
seismic/BSM/LSM/pore/tilt users is the average number of second level domains from each constituent
month, but beginning in GAGE Y5 (2017-10) the reported number of quarterly users is based on the actual
unique number of IPs over all 3 constituent months, which is more accurate.

Figure 3-4. Number of monthly UNAVCO geophysical event responses from 01 October 2013 through 30
June 2018, including data-only responses (2 for BSM, 6 GNSS) and one PI field support event response.

3.2 DATA OPERATIONS AND MANAGEMENT
3.2.1 Network Data Flow
Network data flow from field instruments to the UNAVCO Data Center requires management of complex
data and metadata, a critical activity in support of data archiving and distribution (for related performance
metrics, see Table 3-1). Responsible staff focus on timely handling data flow operations and address any
problems as they arise. Reprocessing of tilt data that started last quarter finished this quarter.
Software engineers discovered an issue within MDM where the replacement of radio/modems with a
specific radio/modem model was preventing dataflow. Field engineers were not using the required MDM
tool, to record modem replacement. This alternate flow had the side of effect of stopping dataflow for the
station. Developers discovered that more than 210 radio/modems purchased by UNAVCO between 2012
and 2015 were missing from one table in the database, entries that should have been automatically entered
when the equipment was received. The MDM software developers present during this time period have left
UNAVCO and no probable cause for the missing entries was found. The missing data were added to the
table and engineers have been made aware of the required workflow for radio replacements.
3.2.2 Campaign Data Flow
Fourteen GNSS and two TLS campaigns were archived this period (Table 3-1). Other GNSS campaign data
sets remain incomplete due to missing files or documentation from the campaign contributors. We are
developing new tools for GNSS campaign archiving as part of the migration from Oracle to PostgreSQL,
delaying aspects of metadata entry as the new tools are developed. Progress on this effort allowed us to
archive more GNSS campaigns than in recent quarters, when development of the new tools delayed this
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workflow.

3.3 DATA PRODUCTS
3.3.1 GPS/GNSS Data Processing and Products
During Y5Q3, the GAGE GPS Analysis Centers (ACs) and Analysis Center Coordinator (ACC) processed
data and provided products from 1,859 GPS stations in the PBO, COCONet, GAMA and SCIGN networks as
well as NGS CORS and other regional stations in central and eastern North America. Routine GPS data
processing and product operations were stable. A new COCONet station was added to the data analysis
stream. Monthly analysis operations conference calls were attended by UNAVCO and AC/ACC personnel.
Updates were made to GPS data analysis documentation. 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. A notice to UNAVCO GPS data product users regarding the transition of final
orbit products to IGS14 was posted and broadcast to the UNAVCO community on 27 June 2018. Custom
high-rate (1Hz and 5Hz) GPS datasets were provided in response to six geophysical events and four
non-event PI requests as described in section 3.3.1.5.
The GNSS Data Products Subcommittee (GDPS), established in Y4Q4, convened twice via telecon in Y5Q3.
A 16-page written report summarizing their recommendations on current topics was submitted to the GDS
Advisory Committee (GDS AC) on 22 June 2018.
3.3.1.1 GPS Analysis Center Subaward: Central Washington University
●

Generation of rapid, final and supplemental products was stable with no delays or issues.

●

Metadata updates were made and minor issues were resolved.

●

Hardware was stable, no software upgrades.

●

CWU added many of the ~400 new stations to be included in the final GAGE ITRF14 reprocessing,
including ~80 stations in Antarctica. Metadata and a priori information regarding the other new
sites were compiled.

●

CWU final products for current GAGE data products are now in ITRF14.

3.3.1.2 GPS Analysis Center Subaward: New Mexico Tech
●

Generation of rapid, final and supplemental products was stable with no delays or issues.

●

Metadata updates were made and minor issues were resolved.

●

Rapid, final, and supplemental products were generated using IGS orbit products in IGS14.

●

Performed beta testing on GAMIT version 10.7, which can now process GLONASS observations.

●

Full reprocessing of GAGE data using IGS14 orbits and antenna models (repro2) was completed
for GPS weeks 0834-1938 (1996-2017). Solutions for one GPS week per year, around the first week
of May from 2002-2017, were uploaded to the ACC for test comparison and combination with the
CWU solutions.

●

NMT added many of the ~400 new sites to be included in the final GAGE ITRF14 reprocessing,
including ~80 stations in Antarctica. Metadata and a priori information were compiled.

3.3.1.3 GPS Analysis Center Coordinator Subaward: Massachusetts Institute of Technology
Details regarding ACC activities, including analysis statistics, are provided in the 39-page Y5Q3 report
provided by MIT and available from the UNAVCO GPS Data Products web page. In summary:
●

Routine generation of Level 2 data products was stable.
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●

During this quarter 1,859 sites were processed.

●

Multiple earthquakes were investigated but only one generated coseismic displacements >1 mm,
the 2018-05-04 M6.9 Leilani Estates, Hawaii event (denoted as us1000dyad in the ANSS catalog
(ComCat) and event 46 in the GAGE event earthquake files).

●

The GAGE analyses are in transition between the ITRF2008 and ITRF2014 systems. JPL has now
generated ITRF2014 orbit and clock files back to 2002 and these are being used by CWU for
reprocessing. NMT is using the IGS repro2 orbits that are available at CDDIS. As of June 10, 2018,
all operational products in the GAGE analyses are now using ITRF2014, GPS week 2005 day 0. All
operational products in the GAGE analyses are now using ITRF2014 with the transition occurring
on 2018 June 10, GPS week 2005 day 0. A user advisory was posted on the UNAVCO website and
broadcast via the unav_all mailing list to inform users about possible discontinuities associated
with this transition.

3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of
Technology
MIT updated tables to support added new receivers and antennas and continued to provide regular
updates for differential code biases (DCBs), mapping functions (VMF1), and atmospheric loading required
by GAMIT users. MIT continued to spend 5-10 hours per week in email support of users. During this
quarter MIT issued 21 additional royalty-free licenses to educational and research institutions.

3.3.1.5 Custom GPS Data Product Requests
UNAVCO supported ten custom requests for high-rate (1Hz or greater) GPS data downloads in Y5Q3
including six geophysical event responses and four non-event PI requests. Non-event requests were for
aerial LiDAR surveys and the NSF NEON facility. The event responses were for the following earthquakes
(the OK earthquake responses were by PI request):
● 2018-04-05 M5.3 Santa Cruz Is., CA
● 2018-04-07 M4.6 Perry, OK
● 2018-04-09 M4.6 Perry, OK
● 2018-05-13 M3.7 Crescent, OK
● 2018-05-14 M4.0 Crescent, OK
● 2018-05-15 M4.0 Crescent, OK
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. High-rate processed BSM data are generated for any event greater than a M7 anywhere
in the world, any event greater than M5 within the PBO region, or in support of a user request. Routine
data processing and product operations were stable this period. Two events met these criteria in Y5Q3, and
fully processed high rate (1 Hz) borehole strainmeter data sets were generated for:
● 2018-04-05 M5.3 Santa Cruz Is., CA
● 2018-05-04 M6.9 Leilani Estates, HI
UCSD, under a subaward managed by UNAVCO, processes data and provides products from the PBO long
baseline laser strainmeter (LSM) network described in section 2.2.1.3. As described in 2.2.1.3, LSM
network operations and data flow are in the process of being discontinued prior to the end of GAGE Y5.
Data acquisition, editing, and archiving operations for the still-functioning stations were routine during
Y5Q3, although overall network data quality did not pass the required metric this quarter due primarily to
instrumentation issues.
3.3.3 Meteorological and Hydrologic Data Products
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Meteorological sensors are collocated with GNSS and other geophysical techniques in order to enhance the
datasets, improve network monitoring, and strengthen interpretation of deformation signals.
Temperature, humidity and barometric pressure are available directly from the GPS RINEX files, where
colocation exists. Routine meteorological data product operations were stable. Hydrologic loading models
based on the Global Land Data Assimilation Models (GLDAS) and National Land Data Assimilation
Models (NLDAS) are available by ftp as well as web services now. Documentation is available from the
UNAVCO web page.
3.3.4 Lidar – Terrestrial and Airborne Laser Scanning
UNAVCO provides TLS data services and products including data processing, management and 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.

3.4 DATA MANAGEMENT AND ARCHIVING
3.4.1 GPS/GNSS
The UNAVCO Data Center provides a secure long-term archive for data, data products, and metadata from
GNSS instrumentation, and makes data available to the scientific community and the public. User
interfaces, APIs (application program interface), and software tools that facilitate data search and access,
data handling, and visualization support full utilization of the data assets. Data publication with digital
object identifiers (DOIs) is routine for most data sets, although DOI minting has been temporarily
suspended due to migration from California Digital Libraries EZID system to DataCite as described below.
Data archiving and distribution is an operational activity that continues to grow, with a total of 83
continuous GPS/GNSS stations added to the archive in Y5Q3 from the following networks: NOAA AOOS,
COCONet, PBO and PI project in Oklahoma, Panama and the Mediterranean. In support of high rate data
archiving for geophysical events, GDS staff managed and archived 1 Hz and 5 Hz data for the earthquakes
and custom data requests listed in section 3.3.1.5.
Due to changes in the services offered by California Digital Libraries, UNAVCO is in the process of
migrating its DOI minting/registration to the similar service provided by DataCite. A first step was for
UNAVCO to be admitted as a Member of DataCite, which occurred last quarter. Changes to UNAVCO’s
code that registers DOIs are required as part of this migration. DataCite’s API for former CDL clients was
released recently and the code changes necessary to utilize this API have not yet been fully implemented;
the required changes are projected to occur in Y5Q4. New DOI landing pages and a data downloader for
DOI’s were developed and made available on the UNAVCO website.
Last quarter, after a yearlong preparatory process, the migration of the Archive database engine from
Oracle to PostgreSQL was successfully accomplished. Systems have been operating problem-free and staff
members continue working to complete the new Archive Metadata Interface (“AMI”) that will be the
replacement for the old Oracle Forms application (a project in its own right with a longer time horizon for
completion). Schema cleanup and other streamlining of the database and operations to make better use of
Postgres capabilities continued this quarter. As part of the AMI development, the backend Java Spring
based web services API that was developed for the ConnectUNAVCO EarthCube project is being expanded
to delivery a wider array of metadata usable within AMI and other applications.
Routine data flow operations were stable this quarter. Maintenance work was performed and numerous
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minor system enhancements were implemented. The archiving of high-rate data from new GNSS data
streams was implemented. Documentation was updated. Data flow systems were updated in preparation
for delivery of the new data products that will be produced by the ACC as part of the reprocessing effort
and transition to IGS14 products as described in section 3.3.1.
An internal training class on UNAVCO TEQC software for GNSS data preprocessing, prepared and taught
be Dr. Lou Estey, took place in May. A new version release of TEQC was made available for download by
the community in June.
The Plate Motion Calculator on the UNAVCO website was updated to include ITRF14 as an option. A
professor at the Irwin S. Chanin School of Architecture, the Cooper Union for the Advancement of Science
and Art, New York, New York, contacted UNAVCO for permission to use a modified image from the Jules
Verne Voyager in a publication; UNAVCO was able to support this request and create a custom publication
quality image.
The metrics in Table 3-1 document the data volumes archived and delivered.
●

The volume of standard rate GNSS data archived, 1.3 TB, was similar to last quarter but lower than
previous quarters when the volume archived has more typically been close to 1.5 TB.

●

The volume of standard rate GNSS data delivered, 4.7 TB, was lower than last quarter and much
lower than the singularly high volume of 14.1 TB in Y5Q1.

●

The archived volume of high-rate GNSS data was 3.6 TB, a slight decrease from Y5Q2.

●

The delivered volume of high-rate GNSS data, at 1.3 TB, was a notable decrease compared to 2.0
TB in Y5Q2 as well as previous quarters.

●

The volume of GPS data products archived this quarter was 1.0 TB, a slight increase from previous
quarters. Delivery of products, at 1.2 TB, also represented an increase over previous quarters.

●

The number of data users (distinct IPs) accessing standard rate GNSS data ranged from 1,829 to
2,324 per month this quarter, which is generally typical of recent quarters except for the surges of
unresolved IPs that were observed this past January and November.

●

TEQC executable software downloads for Y5Q3 averaged ~1,700 per month. We continue to filter
out the single IP that is accessing TEQC over 4,000 times per month.

3.4.2 Real-time GNSS Data Flow and Management
UNAVCO provided high rate (1 Hz), low latency (<1 s) GNSS data streams (RT-GNSS) from ~874 stations
including 770 PBO (Core and Cascadia), 17 TLALOCNet, 55 COCONet, 6 in Tanzania and one in Nepal.
Fifty-six new users requested access to the data streams in Y5Q3 bringing the total number of registered
RT-GPS users to 901 (Figure 3-5), an increase of 7% compared to Y5Q2. The largest growth in user
numbers was in the Commercial group (38 new users), compared to 11% and 7% in each of the Academic
and Government categories respectively. The largest growth by percent was in the Commercial category
(7%), the Academic and Government entities grew by 6% and 5% respectively. Figure 3-6 shows the
percentage of registered data users in terms of user group. Commercial users form the largest group (62%)
followed by Academic (22%) and then Government (16%). The user-group percentages for Y5Q3 are the
same as for Y5Q2.
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Figure 3-5. Number of registered RT-GPS users through GAGE.

Figure 3-6. Number of registered RT-GPS data users by type in Y5Q3.
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3.4.3 Strain, Seismic, Tilt and Pore Pressure Data
Y5Q3 metrics for data archiving and delivery volume and unique users are summarized in Table 3-1. Data
volumes were typical and slightly increased compared to last quarter. The trend of increased volume of
BSM data products delivered continued with another new record of 1.5 TB (compared to 557 GB in Y5Q2),
and was accompanied by an increase in BSM raw data deliveries as well. These BSM data delivery increases
were significant, although it is difficult to ascertain the reason(s) for this surge. Tiltmeter data deliveries
increased again this quarter, setting a new record at 47 GB, more than double the deliveries in Y5Q1 (22
GB), and continuing the growth observed throughout Y4 and into Y5.
3.4.4 Lidar – Terrestrial and Airborne Laser Scanning Data
Data from TLS PI projects continue to be archived as projects are completed. 105 GB of data were ingested
this past quarter. Approximately 307 GB of data were downloaded from the TLS archive by 22 unique users
in Y5Q3. All 360+ lidar data sets in the archive now have digital object identifiers (DOIs). In keeping with
UNAVCO GDS best practices, we maintain an offsite backup of the TLS archive using Amazon’s Glacier
cloud storage service.
Another area of focus for TLS support is improved access to software required by community members to
process and analyze TLS data, including a software license server and regularly updated documentation on
software access and use. Available software includes three seats for Leica Cyclone, 20 seats for Riegl’s
RiScan Pro and 10 seats for RiSolve, ten seats for Blue Marble’s Geographic Calculator, 10 seats for ArcGIS,
three seats for Quick Terrain Modeler, 10 seats for Polyworks, and five seats for Trimble Business Center.
We also recently acquired 25 educational licenses for Global Mapper, a GIS software package that features
a lidar module capable of processing large point clouds.
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by
OpenTopography this quarter indicate 138 unique users accessed point cloud and raster terrain products,
running 271 jobs to gain that access.
During GAGE Y5Q2 UNAVCO hired a Data Engineer on a term appointment to advance TLS archive
development and Web service development. This DEII has made considerable progress in cleaning up the
archive and product standardization. He has also improved data ingestion scripts. Progress has been made
on the development of an OGC WFS end-point to improve access to TLS data and for integration within the
broader GDS ecosystem. We expect partners such as OpenTopography will federate this service, adding
significantly more visibility to the available TLS data.
3.4.5 SAR Data
UNAVCO manages two tasks in support of SAR Data: the archive and GEO SuperSites.
3.4.5.1 SAR Archive
UNAVCO has managed the SAR Archive since 2005. Under the GAGE award, UNAVCO orders European
Space Agency (ESA) and the German Aerospace Center (DLR) scenes in response to WInSAR user
requests. In addition, the WInSAR Executive Committee and UNAVCO arranged for a tasking quota with
DLR for use by WInSAR. WInSAR users request tasking orders for the TerraSAR-X (TSX) mission on a
regular basis through a background tasking allocation from DLR. UNAVCO archives WInSAR community
TSX and ALOS-2 data in the UNAVCO SAR Archive. UNAVCO also manages access to the ISCE SAR data
processing software package for all members of the WInSAR Consortium. WInSAR scenes from ESA are
available without cost under their EarthScope inspired open data policy. TSX and ALOS-2 data access is
restricted to CoPIs associated with specific science proposals approved by DLR or Japan Aerospace
Exploration Agency (JAXA), respectively.
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware, database,
47

software, and web presence. Data ingest capabilities have been developed to allow UNAVCO to host data
from newer satellite platforms such as COSMO-SkyMed, ALOS-2, RADARSAT-2, and Sentinel, which has
recently seen an increased utilization from WInSAR community users. Search and discovery for these
hosted data is possible through the UNAVCO SAR Archive GUI and API interfaces, as well as the Seamless
SAR Archive (SSARA) GUI and API that federates SAR queries from UNAVCO, ASF, and Supersites.
Access to data from COSMO-SkyMed, RADARSAT-2, ALOS-1/ALOS-2, and TSX are restricted to proposal
collaborators, and the WInSAR Portal interface permits role-based access to groups of users.
Since Y4Q3, SAR data operations are running on Jetstream cloud and wrangler HPC storage, part of
XSEDE. In Y5Q3, operations were fully migrated to IU Jetstream and wrangler HPC where an NFS mount
is available with increased bandwidth between the storage backend and VMs. Resources are currently
available to UNAVCO through an XSEDE startup allocation which has been extended through the end of
GAGE. The entire SAR archive is stored on the Wrangler HPC storage system and the production database,
data ingest, and data delivery operations are running on a single VM on Jetstream.
SAR data metrics are shown in Table 3-1. There was a continued surge in the volume of SAR data archived
in Y5Q3 due to continued ingest of a large number of community PI orders of ALOS-2 data in response to a
JAXA order deadline that fell on 31 March 2018. The volume of SAR data delivered in Y5Q3 (2.5TB) is
comparable to the previous quarter.
3.4.5.2 GEO SuperSites
For the GEO Supersites and Natural Laboratories (GSNL) initiative, UNAVCO provides data tasking and
ordering from the DLR for some TerraSAR-X Supersites proposals, together with data management for
COSMO-SkyMed, RADARSAT-2, and ALOS-2 data collected under the Supersites initiative. Ongoing data
acquisitions from COSMO-SkyMed for the Hawaii and Ecuador permanent Supersites are archived and
distributed as part of the SAR archive and the volume is included as part of Table 3-1. Search capabilities
are provided with UNAVCO SAR services for all Supersites SAR data. 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.
3.4.5.1 NASA support of the IGS Central Bureau
With NASA funding UNAVCO supports the IGS Central Bureau hosted at JPL. UNAVCO Data Engineer
David Maggert has the role of IGS Network Coordinator and maintains the IGS Site Log Manager used to
maintain the metadata for data contributed from hundreds of sites from around the world. The GDS
Director (Meertens) is a member of the Executive Committee of the IGS Governing Board and participates
in regular EC teleconferences. Meertens also attended the IGS Governing Board meeting in April
associated with the European Geosciences Union meeting in Vienna, Austria. UNAVCO staff are also
helping with the registration process for the 2018 IGS Workshop to be held in Wuhan, China, in October,
2018.

3.5 CYBERINFRASTRUCTURE
Several projects are in progress to expand the cyberinfrastructure capabilities of UNAVCO GDS. We are
collaborating on an NCAR-led EarthCube Building Blocks award “Enabling Scientific Collaboration and
Discovery through Semantic Connections” (EarthCollab) based on the Cornell developed “VIVO” semantic
web ontology and web presentation software. This quarter we are continuing to collaborate with NEON,
SDSC, and partners in Spain on a SAVI COOPEUS project the European Research Objects (ROs) and
U.S.-developed (SDSC) Kepler workflow system to make research resources, such as web services, reusable
and reproducible.
Efforts continued on the EarthCube Building Blocks project “Deploying MultiFacility Cyberinfrastructure
in Commercial and Private Cloud-based Systems (GeoSciCloud)” in collaboration with IRIS and GAGE
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GPS analysis center subaward partners Central Washington University and New Mexico Tech. Activities on
Amazon Web Services (AWS) were completed and efforts have now turned to deploying the same software
to the Jetstream environment at the Texas Advanced Computing Center (TACC).
EarthCube Project 418 support continued this quarter by incorporating Schema.org metadata into the DOI
API and encoding JSON-LD into the UNAVCO data DOI landing pages. Development on the web pages
supporting the JSON-LD also continued this quarter. A dynamic DOI search capability was added. The
web pages now display composite DOI’s and developers are looking into providing a method for users to
copy/paste information displayed to use it in their publications.
Development efforts continued with the gathering of metadata information for all GPS stations archived at
both UNAVCO and UNR. This information has been loaded into UNAVCO’s GeoServer instance supported
locally. Work was initiated to develop a web service that would make station offset information available
for earthquake and maintenance events. UNAVCO worked with the GAGE GPS ACC at MIT to associate
earthquake events with unique and universal USGS event ID’s to facilitate event information from UNR
can be directly matched with data from MIT.
A prototype that overlays event detail on time series plots used open source graphing software Dash, which
had limitations that ruled out its implementation. As result, another software package, Grafana, is now
under evaluation, as it is widely used by the UNAVCO community.
Evaluation of software for large data management identified a plugin for Postgres (UNAVCO’s existing
database technology). It provides scalability for large time series data sets and exceeds Postgres
performance by orders of magnitude, as data volume grows. Initial testing of the plugin demonstrated
significant performance improvements. One of the tests inserted all position data from every position file
within the current GPS archive (>108 million rows) in roughly one hour. Leverage of existing database
technology creates efficiencies in support.
The current state of health (SOH) map used for GPS stations only displays information for stations that
UNAVCO automated data retrieval software. A status of “unknown” is displayed for stations where data is
sent to UNAVCO or collected regularly through other means. The collected data are stored in the archive.
This is expected behavior for these stations and really should be shown as “OK” instead of “unknown”. An
intern working at UNAVCO for the summer is enhancing the code to address these stations and have them
be displayed as “OK” if they have a recent file in the archive. The code is being designed such that it can be
enhanced to replace existing SOH code and at the same time flexible enough to perform state of health type
processing for all stations that UNAVCO maintains.

3.6 INTERNAL COMPUTING INITIATIVES AND SUPPORT
3.6.1 IT Highlights
The IT team explored options for relocating the UNAVCO data center to an offsite location. A
comprehensive, full cost analysis of offsite data centers (versus continued onsite hosting of the UNAVCO
data center in our current building) concluded that it is more cost effective to keep the data center in its
current location.
Over 240 TB of capacity was added to UNAVCO data storage capability to support recent data volume
surges and projected requirements, and to support required migration of data from end-of-life Sun storage
appliances. The Sun storage hardware is more than 10 years old, and disk failure rates have increased. In
addition, some disks have failed and IT has had to buy refurbished hardware for data recovery.
Systems Administrator Technical Lead (Steve Smith) left UNAVCO at the beginning of the quarter. As a
result many activities were put on hold or delayed as a result of the reduction in staff. We were fortunate to
(re)hire Mark Power, who has previously worked at UNAVCO in this position.
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UNAVCO started participating in monthly calls for the Large Facility Security Team created by Trusted CI,
the NSF Cybersecurity Center of Excellence, to assist UNAVCO in staying current with cybersecurity best
practices. Two recent calls focused on the General Data Protection Regulation (GDPR) passed by the
European Union in 2016 and an introduction to controls for defense against common attacks to computer
systems and networks.
UNAVCO was asked to provide a means to stream real-time GNSS data from a defined set of stations as
part of the ShakeAlert project with USGS. Several methods for providing the data were investigated.
UNAVCO recommended a connection to an unused port on the receiver, configured to stream real-time
GNSS data simultaneously with the existing port and stream that is used by UNAVCO.
The IT group provided support for all interns associated with the RESESS and USIP summer programs
coordinated by the ECE group. This included preparation and deployment of laptop computers, software,
creating Google accounts, deployment of office equipment, and internal system administrative functions to
give the interns access to facilities at UNAVCO. IT continues to provide technical support for the interns
while they are at UNAVCO.
3.6.2 Internal Software Developments
Additional prompting has been to added to SWAP and ADD Cell modem Equipment maintenance activities
within MDM to remind engineers to perform/enter an ADD SIM Card/ESN maintenance activity when one
is currently not assigned to the modem. Changes were added to the DELETE and SWAP maintenance
activities in MDM so that engineers can designate disposition of the SIM Card/ESN when a cell modem is
removed, with options to either deactivate, suspend, or keep the SIM card active. The first two options
automatically notify the Purchasing Agent, who will terminate or suspend the account.
Software developers continue to work with Google staff members and Earthcube Project participants to
add structured data to UNAVCO’s websites for DOI’s minted by UNAVCO. These entities plan to improve
search results and presentation for DOI dataset users. This structured data approach follows conventions
developed by Schema.org with the intention of using the same naming conventions developed on this
project throughout all of UNAVCO as part of a common vocabulary.
Two software developers participated in training at TACC in early June to learn more about capabilities
and resources available. This training will support installation of the GeoSciCloud software at TACC, with
the possibility of moving UNAVCO ‘s backup infrastructure TACC in the future.

3.7 GDS PROGRAM SUMMARY
The Geodetic Data Services program continues to provide a growing body of diverse data sets and derived
products for a wide range of observing systems to the user community. GDS collects and monitors 90
detailed and six key summary metrics (Tables 3-1 and 3-2). These metrics include numbers of stations,
data, and derived data product volumes archived and delivered, user metrics, and software downloads for
data from all of the data different sensor types managed by UNAVCO. The six key summary metrics for
Y5Q3 include campaigns and permanent stations archived, data volumes archived and delivered.
The total volume of data archived this quarter, 8.3 TB, was significantly lower than last quarter’s 23.8 TB
which was primarily due to SAR data acquisitions. The total volume of data archived (all sensors) is now
more than 314 TB, including 9.8 TB of ALS data archived at OpenTopography/NCALM (Figure 3-1). The
total volume of data delivered to users this quarter, 14.9 TB, was somewhat lower than last quarter
primarily due to fewer GPS standard rate and high rate data deliveries, and despite surges in BSM data and
product deliveries compared to last quarter. The total volume of data delivered (all sensors) now exceeds
489 TB (including 16 TB of ALS data delivered via OpenTopography prior to GAGE) as shown in Figure
3-2. As was the case last quarter, the volume of deliveries was artificially low (probably by several TBs) as
Trimble’s PIVOT is does not work with Septentrio instruments. The number of Y5Q3 unique users across
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all datasets was 6,547. This was lower than the Y5Q2 value of ~10,400 which was influenced by a surge in
unresolved IPs obtaining very few files. As part of an ongoing effort to provide the most accurate metrics
possible, slight updates to some previously reported values were made based on new information and
refinements to the metrics tracking and reporting process.
These metrics are one representation of core operations. Behind these numbers are a wide range of
activities and projects, funded through the GAGE core and a number complementary awards that fund the
breadth of scope developed, operated and maintained by the GDS program. UNAVCO is a key source of
information and data for the community when geophysical events occur, such as the earthquakes in
Hawai’i, Oklahoma and elsewhere this quarter, and UNAVCO event response webpages are now directly
linked to from the corresponding USGS and IRIS event pages. UNAVCO’s role in the community is also
demonstrated by the multiple presentations given and community events attended by UNAVCO staff.
Ongoing development continues to focus on enhancing services and building capacity to manage data from
new systems. This effort is laying the groundwork to transition from GPS-only to full GNSS capability,
while expanding real-time data acquisition and processing to include hundreds of new sites as well as new
GNSS data products in the ITRF2014 reference frame. For TLS, the archive architecture has been
completely rebuilt, and legacy data have been ingested. The management and processing of data from new
ESA and JAXA satellites, as well as preparing for NiSAR, are the central challenges for advancing SAR.
Collaborative special projects including, EarthCube GeoSciCloud, EarthCollab and SAVI COOPEUS, are
exploring the effectiveness of cloud computing for facility operations, building collaborations and
attribution, and developing workflows in an international research infrastructure environment. The overall
cyberinfrastructure strategy - to consistently develop web services across all data systems - will facilitate
integrative access and broader utilization of data and services by the stakeholder science community.

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

4.2 PROFESSIONAL DEVELOPMENT
Professional development (PD) includes any short course or workshop in which the participants gain
knowledge and information that furthers their professional careers. ECE supports a multitude of PD
opportunities for researchers, students, and faculty. During Y5Q3 three PD opportunities were offered,
two in science communication and one focused on geohazard science and preparedness using geodetic
data
●

Joint with IRIS and EarthScope at the IRIS Science Workshop a half-day pre-meeting short course
on “Networking Skills for Early Career Scientists” (~25 participants) and one-hour Special Interest
Group on “Connecting with Different Audiences: From the Podium to the Pub” (~45 participants).
Survey results indicate early career scientists felt more comfortable networking at the Workshop
having met peers and practiced.

●

Communicating Science for Impact workshop remote follow-on sessions concluded (5
participants). This year’s cohort met at the UNAVCO Science Workshop. Exit surveys indicate all
five participants found the program to be highly impactful and that the pre-meeting short course
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increased participants’ sense of belonging at the Science Workshop. The workshop was led by
UNAVCO, EarthScope, and IRIS staff.
UNAVCO is an EarthScope partner on the ANGLE project (EAR-1736112 award to Central Washington
University, PI Beth Pratt-Situala), having supported the proposal with a letter of collaboration. K-12, park,
museum, and emergency management educators participated in a four-day professional development
workshop, in Anchorage Alaska. The workshop focused on geohazards science and preparedness.
UNAVCO contributed PBO-based teaching materials to support better understanding earthquake hazards
(Alaska GPS Analysis) and volcanic eruptions (ex. Volcano Monitoring with GPS). Workshop participants
also visited PBO station AC20 near Girdwood Alaska as part of the May 30 field trip, co-led by UNAVCO
field engineer, Ellie Boyce.

Figure 4-1 - Participants in the EarthScope ANGLE Educator Workshop at PBO station AC20 near
Girdwood Alaska on May 30, 2018. (Beth Pratt-Sitaula, UNAVCO)

4.3 EDUCATION RESOURCES
UNAVCO facilitates the development and dissemination of geodesy-focused educational materials. The
GETSI project (GEodetic Tools for Societal Issues) engages undergraduate students in addressing
societally important Earth science questions through the use of geodetic data and methods. GETSI Phase 2
(NSF IUSE 1725347), which started in August 2018, will double the size of the curricular module collection,
and support dissemination and instructor professional development. All six new modules are in the
development process. Three have passed additional checkpoints review as will the others later this
summer. One of the published GETSI modules Surface Process Hazards, was featured in the InTeGrate
webinar “Addressing Landslide Hazards in Introductory Undergraduate Courses” on April 18 and had 35
participants who rated the webinar an 8.75 out of 10.
Since mid 2016, UNAVCO, Idaho State University, Indiana University have also been funded by NSF IUSE
Exploratory grant to produce modules and conduct instructor short courses for geoscience field courses.
The second field module High Precision Positioning with Static and Kinematic GPS was published in
April. A new unit, “Geodetic survey of an outcrop for road cut design”, for the previously published module
Analyzing High Resolution Topography with TLS and SfM was also published in April. A webinar to
promote use of both field modules, “Integrating GPS, SfM, and TLS into Geoscience Field Courses” was
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held on April 24 and had 40 participants. We organized and selected participants for a three-day short
course to facilitate faculty use of the GPS module, “Using kinematic and static GPS in undergraduate field
courses” during this quarter. The course will be held in August.

4.4 COMMUNITY COMMUNICATIONS
ECE works to facilitate greater communication of, access to, and dissemination of UNAVCO science and
education to both the UNAVCO and broader communities. The UNAVCO interactive science exhibit,
Monitoring a Shifting Earth, is now on display at the Pacific Science Center in Seattle, Washington, which
receives more than 1 million visitors a year. This exhibit features hands-on displays with actual
components of a high-precision GPS station, like those of the Plate Boundary Observatory, to raise public
awareness about earthquake and tsunami hazards of the Pacific Northwest and the geodetic technologies
used to measure and monitor them.
Earlier this year, the exhibit moved from its original installation at Oregon State University’s Hatfield
Marine Science Visitor Center (HMSC) in Newport, Oregon. During its four years at Hatfield, more than
275,000 visitors interacted with the exhibit. PSC and UNAVCO worked together to update the displays to
include text in Spanish and complete basic refurbishment. More about the exhibit is available in this blog
post: From Slight to Sudden: How GPS Can Prepare You for the Next Quake.

Figure 4-2. Photo of the museum exhibit displayed at its new location at the Pacific Science Center in
Seattle, Washington.
Other notable activities of this quarter include:
●
●
●
●

More than 1,000 visitors were reached at the 3-day USA Science & Engineering Festival in
Washington, D.C. in April in collaboration with the EarthScope National Office. This is the largest
science festival in the U.S., drawing more than 370,000 visitors.
Presentation of InTeGrate webinar on “Communicating Science to a Broad Audience: Social Media
for You and Your Students,” in collaboration with IRIS, reaching 43 participants live. The webinar
is posted for public access.
Coordinated UNAVCO’s booth presence at the annual meeting of the Seismological Society of
America, Miami, Florida, May 14-17, 2018, in collaboration with UNAVCO GI.
Social media (UNAVCO manages 10 channels) continues to grow. YouTube traffic increased 5.9%
and minutes watched increased by 13.7%. Facebook engagement (post interactions) increased
notably, 13.6%.
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4.5 GEO-WORKFORCE DEVELOPMENT
UNAVCO is committed to broadening and increasing the geodesy community and geoscience workforce.
Efforts are focused on providing opportunity in various stages of the geoscience academic/career pipeline
including internships, mentoring, and online resources.
RESESS: Eight RESESS interns arrived in Boulder to begin their summer internships during Y4Q3. Only
one intern participated in RESESS previously (Z. Little). Interns are working with research mentors in the
Foothills area (1 mentor at Colorado School of Mines, 6 mentors at the University of Colorado-Boulder). Z.
Little is working with A. Brad Murray at Duke University. During orientation week, UNAVCO hosted
SOARS (from NCAR), our partner internship program, for a tour of the facility and an introduction to
UNAVCO’s diverse geodetic work (including live TLS demonstrations by GI staff Keith Williams and
Brendan Hodge and overview tours by Joe Pettit).
Geo-Launchpad (NSF ICER 1540524): The Geo-Launchpad internship provides an 8-week summer
experience for two-year college (2YC) students from Colorado. Interns have a faculty mentor from their
home institution who will attend mentor training at the end of the summer and participate in the
internship poster session held at UCAR Center Green Campus. This year, four Geo-Launchpad interns are
working in pairs at USGS in the Lakewood Federal Center on projects related to the USGS Library and a
project focused on the USGS hydrologic database.
USIP: The UNAVCO Student Internship Program (USIP) is a summer opportunity for interns to gain
real-world work experience in a professional setting, collaborate with teams toward common goals, and
contribute their knowledge, skills, and abilities to the UNAVCO community. The interns spend eight weeks
working on UNAVCO scope under the guidance of a staff supervisor, culminating in a short end of summer
presentation to UNAVCO staff and interns (RESESS and Geo-Launchpad). Two recent MS graduates, 3
graduate students and 3 undergraduate students are working as interns with UNAVCO staff during the
summer. Two of the interns are working with ECE (supervised by D. Charlevoix), two interns are working
with J. Normandeau of GI, one intern is working with D. Ertz, and three interns are working with D.
Phillips, both of GDS. The USIP interns have the option to join RESESS and Geo-Launchpad to participate
in weekly brown bag discussions about careers in the geosciences. In these discussions, geoscience
professionals from a variety of workforce sectors speak with the interested students about their
experiences in the field. For the first time, USIP interns are also participated in the weekly communication
seminar with RESESS and Geo-Launchpad, which provides them structured professional development
throughout their summer in Boulder.
Internship interactions: In mid-June, participants from RESESS, USIP, and Geo-Launchpad joined
UNAVCO staff for a joint all-day field trip to learn about the geology of Rocky Mountain National Park. The
field trip was led by two RMNP ranger geologists. In late June/early July, RESESS and Geo-Launchpad
interns participated in a weekend field trip to learn about the geology of the Front Range area of Colorado.
The field trip was lead by CU professor Kevin Mahan, and graduate students Megan Brown (GLP Skills
Workshop and Communication Seminar instructor), Emily Fairfax (RESESS Graduate Assistant), Enrique
Chon (2015 and 2016 RESESS alumnus), and Rebekah Simon (2017 RESESS poster evaluator).
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Figure 4-3: RESESS and Geo-Launchpad interns along with CU professor, Kevin Mahan and other grad
students attend the weekend field trip to the Mountain Research Station. (photo/Aisha Morris)

4.6 ECE PROGRAM SUMMARY
ECE continues to work closely with many staff members from the GI and GDS programs and received
substantial support for the internship programs from the Business Affairs (BA) group. Coordination with
multiple professional organizations (GSA, AGU, AGI, IADG) increases the presence and visibility of
UNAVCO and geophysics.

5. Summary
GAGE Y5Q3 was another productive and full quarter. The summer influx of interns is always refreshing,
and advances many small projects with big impact. Collaboration and cooperation across the organization
is flourishing, in support of community and sponsor priorities and requirements.
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