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1. Community, Governance & Management
1.1 THE UNAVCO CONSORTIUM AND COMMUNITY
UNAVCO, a non-profit, university governed consortium, facilitates geoscience research and education
using geodesy. The consortium membership includes 112 U.S. Academic Members, nearly all of which are
degree granting institutions that participate in UNAVCO governance and science community. Another 104
Associate Members include organizations that share UNAVCO’s purpose at home and abroad, giving it
global reach in advancing geodesy. During the Y4Q2, two organizations finalized their memberships:
● University of Colorado, Colorado Springs (Full Member)
● University of Waterloo (Associate Member)
Two Geodetic Science Snapshots were published this quarter featuring scientific results from community
work:
● Rapid Tremor Reversals Along Cascadia Subduction Zone From Borehole Strainmeter
Observations - University of Leeds, University of British Columbia, University of Oregon
● Everything You Need to Know About GPS Data Analysis and Geodetic Products from the Plate
Boundary Observatory and Related Networks - Massachusetts Institute of Technology, Central
Washington University, New Mexico Institute of Mining and Technology, UNAVCO
Highlight: TLS of Topographic Roughness and Sediment on Hillslopes
Terrestrial laser scanning (TLS) was used to support researchers from the University of Oregon refining
sediment transport models in steep terrain. The TLS obtained high density of point measurements
required to account for tree throw characteristics. Tree throw are the cavities left behind by a tree's roots
when the tree is upended. Aerial LiDAR previously collected in the region yielded a point density of only 8
points per meter, resolution too low for the researchers to extract small-scale characteristics. TLS allowed
the resolution needed to detect such small-scale characteristics, but required careful site selection, and
some field vegetation cleaning to allow the laser to penetrate all the way to the ground surface.
The lack of accurate sediment transport models in steeplands has hampered progress on a wide range of
topics in geomorphology, land management and hazard mitigation. Sediment transport on hillslopes is
currently most often viewed and modeled using a single, very simplified local hillslope characteristic, such
as slope. This project aims to account for nonlocal sediment transport along these slopes, as the nonlocal
approach accounts for sediment transport across further distances. These nonlocal processes can be from
tree throws, burrowing animals, and fire-induced ravel. Two distinct study areas were scanned for this
project, the first a well established forest, and the second a recently burned area.
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Figure 1-1. UNAVCO field engineer Keith Williams sets up the Reigl VZ-1000 TLS for scanning hillslopes in
Oregon, with the scan overlaid on the image (Photo/Danica Roth, University of Oregon)

1.2 UNAVCO GOVERNANCE AND MANAGEMENT
UNAVCO Governance and Management activities included one board meeting. Staff members represented
UNAVCO at meetings and workshops as detailed below, including limited PI foreign travel.
1.2.1 Governance Activities
UNAVCO Governance and Management activities for Y4Q2 included one face-to-face board meeting in
Arlington, Virgina on January 26 - 27, 2017. The meeting includes orientation of new BoD Members to
support them in their fiduciary and oversight role. The Professional Development included: Roles and
responsibilities of Board, President and Staff; Legal & Ethical Responsibilities;Governance Structure;
Overview of UNAVCO structure and programs; Professional development; and Resources. The Board
heard program reports, including a long report from Education and Community Engagement; the
Treasurer’s report; and met with sponsor agency staff members during an open session.
The Education and Community Engagement Advisory Committee met via teleconference on February 13.
The committee was updated on recent ECE activities, including at the AGU and GSA fall meetings, and the
committee provided input into the restructuring of the online information and resources on the UNAVCO
website, Education section.

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

Unity of Purpose for Equitable Representation in Geoscience Workshop, Washington, DC,
January 2017. Attended by D. Charlevoix and A. Morris
New cGNSS station installation in Jalisco, Mexico as part of TLALOCNet, January 10 to 13, 2017.
G. Mattioli participated as a field engineer assisting J. Galetzka.
Portal to the Public Supplement Meeting, Nashville, Tennessee, January 2017. Attended by B.
Bartel
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●
●

●
●
●
●

●

●
●
●
●

●

American Meteorological Society Annual Meeting, Seattle, Washington, January 2017. Attended
by D. Charlevoix
GNET 2017 planning workshop, NASA Goddard Space Flight Center, Greenbelt, MD. January
24-25, 2017. Attended by G. Mattioli and T. Nylen. G. Mattioli presented an invited talk on
UNAVCO PLR services.
UNAVCO Board Meeting, Arlington, Virgina, January 2017. Attended by D. Charlevoix, G.
Mattioli, C. Meertens, M. Miller, L. Rowan.
2017 ESIP Winter Meeting, Bethesda, Maryland, January 2017. Attended by S. Olds, C. Crosby.
International Lidar Mapping Forum, Denver, CO, Feb 13-15, attended by C. Crosby, B. Gross.
Yellowstone National Park (YNP) staff and administrator review of past and present efforts of
NSF/UNAVCO activities in YNP, Yellowstone National Park, Mammoth, WY, February 23, 2017.
Attended by G. Mattioli and D. Mencin. Also completed required fieldwork in YNP for BSM
group.
NSF INCLUDES Conference to Advance the Collective Impact of Retention & Continuation
Strategies for Hispanics and Other Underrepresented Minorities in STEM Fields, Washington DC,
March 2017. Attended by D. Charlevoix
NSF RAID planning workshop at UCSD-SIO. March 1-3, 2017. Attended by G. Mattioli and J.
Pettit.
NASA Earth Science Data System Working Groups annual meeting, Annapolis, MD, March 21-23,
attended by D. Ertz.
AGU Leadership Orientation and Council, Mayflower Hotel, Washington, DC, March 8-10,
attended by M.M. Miller as President Elect, Geodesy Section.
CC-Net/CCArray GNSS planning workshop at Pacific Geosciences Centre, Sidney, Vancouver
Island, BC, Canada. March 20-21. Attended by G. Mattioli, who gave informal remarks on behalf
of UNAVCO.
US Dept. of Transportation GPS Adjacent Band Compatibility Workshop VI, Washington DC,
March 30, attended by F. Blume via WebEx.

1.2.3 Publications, Abstracts, and Other Products Created by UNAVCO Staff
Publications:
● Pratt-Sitaula, B., B. Crosby, C. Crosby (2017) Integrating Topographic Imaging into Geoscience
Field Courses, Eos, 98, https://doi.org/10.1029/2017EO067411. Published on 07 February 2017.
● Im, K., D. Elsworth, Y. Guglielmi, and G.S. Mattioli (2017) Geodetic imaging of thermal
deformation in geothermal reservoirs – production, depletion and fault reactivation, in press
Journal of Volcanology and Geothermal Research (accepted March 2017).
Abstracts and Presentations:
● Dahlman, L., M. Mooney, S. Olds (2017) Sharing ESIP Educational Resources via 10 Minute
Webinars & building a Video Library, 2017 ESIP Winter Meeting, Bethesda, MD, 11 - 13 January.
● Mencin, D., Mattioli, G., Dittmann, S., Gottlieb, M., UNAVCO and Geodesy at Yellowstone,
Mammoth, WY, Talk presented on 23 February 2017.
● Mooney, M., S. Olds, P. Lewis, (2016) Using Recreational UAVs (Drones) for STEM Activities and
Science Fair Projects, National Science Teacher Association 2016 Minneapolis Area Conference,
Minneapolis, MN, 27 - 29 November.
● Mooney, M., S. Olds, L. Dahlman, and P. M. Lewis, (2017), ESIP Education Drones in STEM
Initiative, 97th American Meteorological Society Annual Meeting, Seattle, WA, 22–26 January.
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●
●

●

Olds, S., (2017), Exploring Ground Motions with the UNAVCO Velocity Viewer: Out2Lunch
Webinar, 2017 ESIP Winter Meeting, Bethesda, MD, 11 - 13 January.
Olds, S. and L. Dahlman, (2017), Using Recreational UAVs (Drones) for STEM Activities and
Science Fair Projects: Out2Lunch Webinar, 2017 ESIP Winter Meeting, Bethesda, MD, 11 - 13
January.
UNAVCO staff talks and posters from AGU were presented to colleagues in the annual
AGU@UNAVCO event; the president presented State of UNAVCO.

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

GAGE Y4Q2

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

74
1
12
7
2

UNAVCO Program Highlights are featured on the homepage of the UNAVCO website and provide
summaries of UNAVCO activities, technology, engineering, education, and support. Six Highlights were
published during Y4Q2. A short description follows each Highlight title.
●

●

●
●
●

●

●

Data Event Response to the December 28, 2016 M5.7 earthquake 29km WSW of Hawthorne,
Nevada In response to the M5.7 earthquake 29km WSW of Hawthorne, Nevada on 2016-12-28
08:18:00 UTC, UNAVCO is downloading high-rate GPS/GNSS and borehole strainmeter data
from EarthScope Plate Boundary Observatory stations.
EarthConnections National Alliance Project Kicks off at UNAVCO: Sixteen leaders in STEM and
geoscience education gathered in Boulder, Colorado at UNAVCO headquarters to kick off the
EarthConnections: Community Pathways to Geosciences project.
Installation of CORS cGPS Station in Seward, Alaska In September, UNAVCO installed a new
CORS site in Seward, Alaska, as part of ongoing UNAVCO support of the CORS network.
Designing a Power System for Radars in Greenland: The UNAVCO polar services team developed
a power system for three radar systems in Greenland for the summer of 2016.
P278 – Steel Was All That Remained: the Chimney Fire fire burned through 46,000 acres of San
Luis Obisbo County and swept over P278 Clarke Mountain, a GNSS station located on a high ridge
within the burn zone (reported Y4Q1; highlight posted Y4Q2).
The NASA Space Geodesy Project – A Next-Generation Space Geodetic Observing Network:
NASA’s Space Geodesy Project (SGP) was initiated in order to develop and maintain a global
network of next-generation space geodetic observing instruments.
TLS of Topographic Roughness and Sediment on Hillslopes: PI support project for the University
of Oregon, scanning hillslopes for refining sediment transport models in steep terrain.

1.2.5 Broader Impacts for Community, Governance and Management
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UNAVCO Websites
The UNAVCO websites are managed by the Web Team (Web Editor in Chief and Web Administrators),
Section Editors, and subject matter experts who contribute web content. Content for the main sections of
the primary UNAVCO website (Community, Projects, Instrumentation, Data, Software, Science, and
Education) are the responsibility of seven Section Editors.
As part of a Web Integration project, our goal is to retire pbo.unavco.org and facility.unavco.org, once all
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 web front end
applications. In the interim, we utilize URL redirects to pbo.unavco.org in order to bring its content and
applications into the www.unavco.org namespace in a virtual manner.
We monitor user activity of the new integrated site to measure the usage and understanding of the new
information architecture and to track broken links from outside parties. These insights enable us to
provide iterative improvements to promote better site accessibility for all users. Work continues on
modernization of the Web Infrastructure, including IT infrastructure, server and application software,
review of best practices for building and maintaining this infrastructure, standardization, and
virtualization.
The UNAVCO websites are a key resource for both the UNAVCO community and as a tool to reach beyond,
to educators and the general public (Table 1-2A). The GAGE Facility also provides infrastructure and
maintenance support to websites for the Research Experiences in Solid Earth Science for Students
(RESESS) and Continuously Operating Caribbean GPS Observational Network (COCONet) programs.
TABLE 12B shows the activity for individual domains UNAVCO is responsible for maintaining.
Table 1-2A. Quarterly activity for the primary UNAVCO websites. Number of users: quantifies the number
of different site visitors. Users are those that have had at least one session within the past quarter (includes
both new and returning users). Session: the time period a user is actively engaged with our website.
Pageviews: the total number of pages viewed; repeated views of a single page are counted.
WEBSITE IMPACTS
GAGE Y4Q2
Number of Users

56,996

Number of Sessions

89,587

Page Views

229,491

Table 1-2B. Breakdown of Table 1-2A by third order domain. Note that these metrics will change in future
reports with the reconfiguration of the web site.
NUMBER OF
NUMBER OF
WEBSITE
PAGE VIEWS
USERS
SESSIONS
Y4Q2 www.unavco.org

53,349

83,961

216,401

Y4Q2 pbo.unavco.org

504

1,208

4,121

2,483

3,524

7,579

660

894

1,390

Y4Q2 resess.unavco.org
Y4Q2 coconet.unavco.org

UNAVCO Outreach and Broader Impacts
UNAVCO data products, such as the PBO EarthScope velocities derived from GPS data, have been
available through UNAVCO-produced web-based and application-based tools for years. UNAVCO
collaborates with the Lamont-Doherty Earth Observatory of Columbia University to incorporate data
products into the GeoMapApp application and disseminate UNAVCO and EarthScope data products to
broader science and education communities. GeoMapApp is a data exploration and visualization
application developed by the Marine Geoscience Data System (MGDS) at the Lamont-Doherty Earth
Observatory of Columbia University. Originally focused on marine data sets, GeoMapApp has many Earth
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science data layers available for exploration and visualization.
Over the past six months, GeoMapApp has added EarthScope PBO Plate Velocities in both IGS08 and
NAM08 reference frames and the velocity solutions from the GAGE GPS Analysis Centers (AC’s) at New
Mexico Tech and Central Washington University. Additionally, GeoMapApp offers the MIDAS North
America geodetic velocity median spatial filtered data from Nevada Geodetic Laboratory at University of
Nevada-Reno.

Figure 1-2. This map shows the velocity data of Southern California from EarthScope PBO (NAM08
reference frame) displayed on the GeoMapApp visualization tool. The horizontal velocity with respect to
the North America plate is shown in color shading with the highest velocities depicted in bright red. The
data show that the velocity generally increases closer to the coast of California, which lies on the Pacific
plate. The underlying base map is the Global Multi-Resolution Topography (GMRT) synthesis.
The full reach of UNAVCO science and education cannot easily be measured by numeric statistics. We
provide an overview of reach through 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. A few examples include: a
teacher participating in a workshop may use resources in the K-12 classroom or share resources with
another teacher. Graduate students attending a short course may share resources and techniques with
other students and with faculty at their university. Attendees of a museum display may go tell family and
friends about how GPS can be used to in earthquake early warning. The statistics provided in tables 1-3
and 1-4 do not include the reach of social media, of which UNAVCO has 10 social media channels reaching
over 2,000 individuals per day.
Table 1-3. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE).
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OUTREACH: ACTIVITIES (QTY)

GAGE Y4Q2

Short Courses
Education Workshops and Outreach Events
Internship Programs

0
6
0

Table 1-4. Number of people reached through the activities identified in Table 1-3, organized by audience.
Researchers and research faculty include nonteaching faculty and researchers; college and university
faculty include tenure and nontenure track faculty. Other Professionals include anyone participating in
activities for professional growth and development, who do not fall into one of the other professional
categories. Examples of Other Professionals include Emergency Managers, Park Interpreters, Federal
Agency staff, and Sponsors, among others. Large event visitors are individuals visiting museum displays
and conference exhibit booths.
OUTREACH: INDIVIDUALS REACHED (QTY)
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 Y4Q2
0
9
1
0
0
0
3
38
12,925

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, integrity of metadata, ease and transparency of data
access for the UNAVCO user community, and to provide appropriate and timely metrics on data usage for
sponsors. Major projects currently supported by the GI program include the 1,131 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, a
growing number of TLALOCNet stations in Mexico, the multidisciplinary AfricaArray, and several other
smaller continuously observing geodetic networks. UNAVCO now supports operations and management
(O&M) of more than 900 cGPS stations globally in 63 different PI networks..
The GI program provides engineering services to individual PIs for shorter term GPS and TLS projects, and
other investigator-led data acquisition that had been previously managed by the UNAVCO Facility. While a
large share of GI resources in GAGE are tied to ongoing O&M of the PBO, GGN, and POLENET continuous
GPS (cGPS) networks and ongoing support to PI projects, community input informed two key areas for
enhancement, as delineated in the GAGE proposal:
● The continued upgrade of PBO to high rate (>1 Hz), low latency (<1 s), well-hardened sites

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

GNSS capability.

Both of these tasks build on the specific recommendations of the Committee on National Requirements for
Precision Geodetic Infrastructure [NRC, 2010]. The evaluation and selection of a new UNAVCO GAGE
Facility preferred vendor for new multi-constellation GNSS instrument was completed during GAGE Y2,
with new GNSS instruments procured and initially deployed during in Y3.
At the close of Y4Q2, ~710 PBO, TLALOCNet, and COCONet stations are streaming in realtime and the
PBO GNSS Ops team has deployed 92 of 119 Septentrio PolaRx5 multi-constellation GNSS instruments
(100 purchased by UNAVCO and 19 purchased by ODOT for deployment at PBO stations in OR). No
significant issues have arisen related to the introduction of these new instruments into the PBO network.
At the close of Y4Q2, the GI group headcount was 38 with 36.4 FTE, down an additional 1.0 FTE from
Y4Q1. The GI Directorate nominally has 2 vacancies for field engineers and 1 development and testing
engineer. At this time, there is no intention to backfill the these vacancies.
A summary of the important GI support metrics for Y4Q2 is shown below in Table 2-1.
Table 2-1. Geodetic infrastructure metrics for GAGE.
GEODETIC INFRASTRUCTURE METRICS: SUMMARY OF KEY METRICS

GAGE Y4Q2

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

24

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

18

PI Projects & Proposals Supported: Other Community (Qty)

22

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

2194

Permanent Stations Supported: NSF-PLR (Qty)

125

Permanent Stations Supported: NASA GGN (Qty)

59

PI PROJECTS SUPPORTED (QTY)

GAGE Y4Q2

GPS NSF-EAR

2

GPS NSF-Other

2

GPS Other Community

15

GPS NSF-PLR Arctic

5

GPS NSF-PLR Antarctic

1

TLS NSF-EAR

8

TLS NSF-Other

1

TLS Other Community

2

TLS NSF-PLR Arctic

0

TLS NSF-PLR Antarctic

2

PI PROPOSALS SUPPORTED (QTY)

GAGE Y4Q2

GPS NSF-EAR

8

GPS NSF-Other

2

GPS Other Community

4

GPS NSF-PLR Arctic

1
8

GPS NSF-PLR Antarctic

9

TLS NSF-EAR

1

TLS NSF-Other

0

TLS Other Community

1

TLS NSF-PLR Arctic

0

TLS NSF-PLR Antarctic

0

UNIQUE PIs SUPPORTED (QTY)

GAGE Y4Q2

GPS NSF-EAR: Projects and Proposals

3

GPS NSF-Other: Projects and Proposals

3

GPS Other Community: Projects and Proposals

17

GPS NSF-PLR Arctic: Projects and Proposals

5

GPS NSF-PLR Antarctic: Projects and Proposals

1

TLS NSF-EAR: Projects and Proposals

8

TLS NSF-Other: Projects and Proposals

1

TLS Other Community: Projects and Proposals

2

TLS NSF-PLR Arctic: Projects and Proposals

0

TLS NSF-PLR Antarctic: Projects and Proposals

2

PERMANENT STATIONS O&M (QTY)

GAGE Y4Q2

GPS NSF-EAR and Community

853

GPS NSF-PLR Arctic

52

GPS NSF-PLR Antarctic

73

GPS NASA GGN

59

PBO GPS

1131

PBO Borehole Seismometers

79

PBO Borehole Strainmeters

75

PBO Shallow Borehole Tiltmeters

26

PBO Pore Pressure Sensors

23

PBO Long Baseline Laser Strainmeters
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POOL EQUIPMENT (QTY & UTILIZATION)

GAGE Y4Q2

GPS NSF-EAR (# Receivers in Pool)

697

GPS NSF-EAR (Average % Utilization)

83%

GPS NSF-EAR (Peak % Utilization)

85%

GPS NSF-PLR Arctic (# Receivers in Pool)

124

GPS NSF-PLR Arctic (Average % Utilization)

55%

GPS NSF-PLR Arctic (Peak % Utilization)

68%

GPS NSF-PLR Antarctic (# Receivers in Pool)

214

GPS NSF-PLR Antarctic (Average % Utilization)

55%

GPS NSF-PLR Antarctic (Peak % Utilization)

74%

GPS Systems Repaired (UNAVCO & Community)
TLS (# Scanners in Pool)

32
7
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DEVELOPMENT & TESTING (QTY)

GAGE Y4Q2

D&T Projects Worked

14

D&T Projects Completed
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2.2 COMMUNITY AND CONTINUOUSLY OBSERVING NETWORKS
2.2.1 Plate Boundary Observatory and Related Projects
UNAVCO operated and maintained the following instruments this period as part of the PBO network:
● 1131 permanent GPS/GNSS stations (1,100 PBO core, 31 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
● 6 long baseline laser strainmeters
● 145 meteorological stations (118 core, 27 NOAA)
● 709 real-time streaming GPS stations (approximate total including ~640 PBO Core/Cascadia, 15
TLALOCNet, 52 COCONet, 2 in Tanzania)
2.2.1.1 cGNSS Network
During GAGE Y4Q2, the PBO GPS and Related Networks Group completed a number of tasks in support of
the primary goal of maintaining the PBO GNSS network at a high level of performance. The work involved
upgrading PBO receivers to provide high-rate, real-time, multi-constellation GNSS capable data streams.
Engineers also focused on upgrading PBO stations, replacing Trimble NetRS (GPS-only) receivers with
Septentrio PolaRx5 (multi-constellation GNSS) receivers. Lastly, UNAVCO engineers completed the 27th
and final TLALOCNet GPS-Met station at the Las Joyas Scientific Station in the Manantlan Biosphere
Reserve, State of Jalisco, in Mexico.
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Figure 2-1. GPS uptime time series for PBO network from April 2009 through March 2017.
Other highlights from the GPS Operations group during GAGE Y4Q2 include:
● The 1,100 station core PBO GNSS network uptime percentage for the month of March was 88.5%.
For Y4Q2, the mean network uptime percentage was 89.0% and for the project since inception is
94.2%. We note that there is now an indication that deferred O&M has started to negatively impact
PBO uptime from its peak in 2012 (see Figure 2-1). The GAGE Y4 budget for PBO GNSS
Operations was reduced from Y3, so this reduction in uptime may continue through GAGE Y4.
PBO management will closely monitor this situation during the next quarter.
● During GAGE Y4Q2, there were 101 PBO GNSS site visits, resolving 204 GNSS maintenance issues with
144 engineer days in the field. An additional 4 days of engineer travel was for attendance at required
meetings and training. Other PBO GNSS Operations staff travel included activities related to Rio

●
●
●
●
●
●
●
●
●

Grande Rift support (4 days) and TLALALOCNet (45 days).
UNAVCO staff coordinated with the US Air Force and visited AC60, Shemya Island, Alaska and
replaced the station communications.
UNAVCO staff completed winter overland travel operations and maintenance in the Yellowstone
region supporting stations in and around the Yellowstone Caldera.
UNAVCO staff installed two driven monuments near Red Lodge, Montana to test lower-cost
braced monument designs in active freeze/thaw soils at surface.
UNAVCO staff installed three additional GPS stations (TNTM, TNCT and TNMT) in Jalisco.
Mexico to verify and characterize slow slip events. All TLALOCNet installations are now complete.
UNAVCO staff completed routine maintenance at stations in Oaxaca, Guerrero, and Puebla.
UNAVCO staff supported repair of two El Mayor-Cucapah Earthquake Response stations in Baja
California.
UNAVCO began switchover of 16 cellular telemetered sites in Mexico from pre-paid system to
post-paid system, and UNAVCO VPN access to UNAM VPN access. UNAM has agreed to pay for
the long-term telecommunications costs for NSF-funded TLALOCNet stations.
UNAVCO staff from the NASA GGN group and PBO SW region implemented telemetry upgrades
at Vandenberg Air Force Base to facilitate enhanced data accessibility for VNDP (at Vandeberg)
and HARV on the Harvest oil platform.
UNAVCO staff coordinated with the National Park Service to complete power and communication
upgrades at two stations in the Channel Islands off the south coast of California.
11

●

Engineers have upgraded 91 Septentrio PolaRx5 receivers throughout the PBO network. The new
firmware enables BINEX (v.5.0.1) data streaming as one of the features, allowing integration into
the UNAVCO real-time caster.

GNSS Highlight
The construction phase of TLALOCNet officially came to an end on 2 March, 2017 at the Las Joyas
Scientific Station in the Manantlan Biosphere Reserve, State of Jalisco, Mexico. The final TLALOCNet
cGNSS-Met station, TNMT, was installed by Luis Salazar (UNAM), John Galetzka (UNAVCO), Dr. Enrique
Cabral (UNAM), and two apprentice field engineers from the Servicio Sismologico Nacional (SSN). This
installation provided a unique opportunity for UNAVCO to demonstrate “best practices” for monument
installation to the SSN, a new TLALOCNet stakeholder in Mexico. The construction of TNMT also
completes the Jalisco GPS sub-network designed to verify possible slow slip events on this part of the
Mexican Subduction Zone.

Figure 2-2. Field crew from UNAM, UNAVCO, and SSN, installing the last TLALOCNet cGNSS-Met station
at the Las Joyas Scientific Station in the Manantlan Biosphere Reserve (Photo: J. Galetzka/UNAVCO).
2.2.1.2 Borehole Geophysics
The Borehole Geophysics group continued to maintain the borehole strainmeter sensors that are part of
PBO with an operational status of over 90% project to date, with an operational status of 90.3% at the close
of GAGE Y4Q2. 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 91.0% uptime this quarter.
Internal dataflow systems continue to be hardened and virtualized.
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Table 2-2. PBO borehole geophysics network uptime over Y4Q2.
Borehole Strainmeter
Seismic
Number of stations
Uptime March 2017
Uptime Y4Q2

76
90.3%
90.2%

79
93.9%
91.0%

Tiltmeter
26
79.3%
88.6%

Figure 2-3. PBO seismic network uptime time series from April 2009 through March 2017.
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Figure 2-4. PBO Borehole strainmeter network uptime time series from April 2009 through March 2017.

Figure 2-5. PBO tiltmeter network uptime time series from July 2012 through March 2017. Tiltmeter
network status is tracked on a quarterly basis.
Other highlights from the BSM group for GAGE Y4Q2 include:
● BSM field engineers resolved 45 PBO BSM maintenance issues with 43 field days. In addition, 63
remote maintenance tasks were completed this quarter.
● Engineers have reached an agreed upon workflow and documentation for in-house GTSM parts
diagnostics, recertification, and repair. They have begun processing the backlog of returned parts.
● The entire GTSM network was updated to fix an issue with offsets caused by calibrations during
earthquake events. “Event mode” was remotely enabled on all online stations, which prevents the
instrument from calibrating during times of rapid strain change. Event mode performance was
analyzed using the 1/22/17 M7.9 EQ near Papua New Guinea. Triggers levels were adjusted from
the default values on a site-by-site basis by comparing p-wave arrival time to event recognition at
the instrument.
● The BSM group continues to work with Mick Gladwin on possible upgrades to the GTSM software
including real-time functionality using rsync and improvements to the GPS timing hardware.
● Five of the six GeoGONAF strainmeters are collecting data and have working telecommunications.
The remaining site, SIV1, still requires power before it can begin recording data. We continue to
coordinate with our Turkish partners to get this last station online.
● BSM group management completed NSF compliance training on 3/23/17.
● Continued efforts to diagnose repair feasibility and improve data quality issues at BSM stations,
using new techniques proposed by Mick Gladwin. These efforts have helped distinguish completely
failed channels from channels with reduced amplification that may yet be salvaged.
● Dave Mencin and Kathleen Hodgkinson taught a BSM Data Analysis Short Course at the GFZ in
Potsdam, Germany, March 6-10, 2017. The course was sponsored by the ICDP and UNAVCO.
Planned activities for GAGE Y4Q3 include:
● Continued efforts to improve data quality at poorly performing BSM sites.
● Continue process of recertification/repair of GTSM components at UNAVCO.
● Development work on GTSM upgrades for real time streaming and an external GPS module.
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2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego
The PBO Long baseline laser strainmeter (LSM) network operations were affected by multiple issues this
quarter. Due to strong rainstorm events in central and southern California, multiple field trips to service
the strainmeters were necessary, beginning with the New Year's weekend. The site of the Durmid Hill
strainmeters (DHL1/DHL2) was the most affected, including washing-out of the flash-flood ravines
resulting in considerable damage. Subsequent weather events led to periods of days, when power and
communications to all the PBO LSM instruments were interrupted (11 days being the longest of the
communications outages). For most of these intervals, the strain recordings were recoverable from the
on-site data loggers. In addition to weather related problems, ongoing laser troubles continued. Toward
the end of March UCSD personnel determined that it would be prudent to make a special field trip to move
a functioning laser system from one PBO LSM site, SCS1, to another, DHL1, to restore its operation, as
otherwise it would be difficult to preserve its long-term secular record. Subsequently UCSD did receive
from the laser fabricator a replacement laser for SCS1. Due to these extensive reactive and proactive efforts
by UCSD personnel, good overall performance metrics were achieved (Table 2-3), with similar overall
performance compared to the previous quarter. The UNAVCO GI Director visited the UCSD PIs on March
2nd to discuss GAGE Y4 subaward deliverables and development of a close out plan for the PBO LSM
network, as this network will no longer be supported as part of PBO following the close of GAGE
operations on 9/30/2018. Data processing, products and interpretation are discussed in section 3.3.2.
Table 2-3. LSM instrument performance metrics (percentage of data recorded at each site) this period.
CHL1

CHL2

DHL1

DHL
2

SCS1

SCS2

Network Average

2017-01

99%

99%

95%

86%

99%

100%

96%

2017-02

85%

86%

96%

99%

100%

100%

94%

2017-03

90%

100%

74%

100%

88%

99%

92%

2.2.1.4 PBO Network Data Return and Data Quality
The PBO network data return target is 85% for all data types except for tiltmeters, for which the data
return is only assessed 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
2-6. For Y4Q2, all PBO data types met or exceeded the data return target except for tiltmeter data. Note 1:
as described in section 2.2.1.1 there is now an indication that deferred O&M has started to negatively
impact PBO GPS data return, a trend which may continue next quarter. Note 2: monthly data return
metrics for seismic, BSM, LSM, tiltmeter and pore pressure are artificially low for March 2017 (Fig. 2-6)
due to a database issue at IRIS DMC; data return metrics for Y4Q2 are thus incorrect (artificially low)
overall and will be revised in the Y4Q3 report. IRIS is working to resolve the issue and should have it fixed
before next quarter. Note 3: tilt data return metrics back to January 2016 were updated this quarter to
correct a metrics tracking issue; thus, the tilt data return line in Figure 2-6 and Table 2-4 differs from
previous quarterly reports.
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 Y4Q1

85%

91%

89%
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89%

90%

70%

87%

GAGE Cumulative
(since 2013-10)

85%

96%

99%

99%

99%

90%

94%

Figure 2-6. PBO network data return percentage from 01 October 2013 through 31 March 2017. Note that
Y4Q2 values are systematically underreported and will be updated in Y4Q3. See detailed Notes 1 - 3 above
for additional information.
PBO network data return and data quality notes from Y4Q2:
Borehole Strain. The strainmeter network passed the data quality metrics criteria for GAGE Y4Q2: 77%
of the network strainmeters recorded compression over the previous 12 months. 80% were relatively free
of problematic steps and 93% recorded a strong M2 tide on three or more gauges. These percentages are
similar to previous quarters in GAGE Y1-3. Six BSM sites failed the requirement to record teleseismic
shear: B006 in the Pacific Northwest, B075, B076 and B078 in Parkfield, B203 on Mt St Helens and B206
in Yellowstone. B206 and B203 were offline throughout GAGE Y4Q2 and failed all data quality metrics.
Excessive high levels of noise on B075, B076 and B078 continues and could possibly be a result of
downhole problems, as visits by field engineers have not resolved the problems. The sites continue to
return seismic data and in the case of B076 and B078 pore pressure data which pass pore pressure data
quality metrics. At six months post installation, the Oklahoma strainmeter (AVN2) has four gauges in
compression, records a strong M2 tide, is relatively free of steps and recorded the teleseism from the M7.9
January 2017 Papua New Guinea earthquake. It therefore passes all data quality metrics at this stage.
Pore pressure. The Y4Q2 overall pass rate for the data quality metric was 91%, which is similar to
previous quarters in GAGE Y1-3. The metric is based on the ability of the sensor to track barometric
pressure signals. Instruments that failed this quarter are B081 and B082 in, both in Anza, California. B082
routinely fails this metric as a result of hydrological pumping near the site. It is anticipated this site will fail
the data quality metric through the spring, summer and fall months. B081 failed the pore pressure metric.
An almost linear rate of increase in pore pressure was recorded in the borehole through March 2017, which
masked barometric pressure changes. It is possible the increase in pore pressure is a result of high levels of
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rainfall in the area through Y4Q2.
Tilt. The data quality pass rate for the tiltmeters for Y4Q2 was 81%, which maintains the high pass rate
observed in Y3Q4 and Y4Q1. One of the primary reasons for the ~80% return rate over the past two
quarters is data return from the Mt St Helens network. The sites are difficult to reach through the winter
and spring months. P690, P691, P693, P698 and B203 all on Mt St Helens did not return data through
Y4Q2. B204, also in Mt St Helens, continues to fail the data quality metric which is based on the ability of
the instrument to track the M2 tide. The site is very sensitive to rainfall which makes it difficult to isolate
the tides.
The number and type of data quality metrics vary by data type. The summary for all PBO sensor types is
shown in Table 2-5. In GAGE Y4Q2, all PBO data types passed the data quality metric.
Table 2-5. Network performance metrics for PBO: data quality.
PBO NETWORK PERFORMANCE: DATA QUALITY (Pass/Fail)

GAGE Y4Q2

PBO GPS

PASS

PBO Borehole Strainmeters

PASS

PBO Shallow Borehole Tiltmeters

PASS

PBO Pore Pressure Sensors

PASS

PBO Long Baseline Laser Strainmeters

PASS

2.2.1.5 Real-time GPS Network Operations
The average completeness across the UNAVCO RT-GPS network was 78% for Y4Q2. This is a decrease in
from FY4Q1 (82%). The drop is not a result of network operations, but rather a problems with new
software developed to track completeness. The problem was identified and corrected in February 2017. The
data reported for March 2017 are more typical of those reported in previous quarters. The number of sites
streaming through the RT system continues to increase. Sites that were removed from the RT system
through Y3Q4 and Y4Q1 as Trimble NetRS instruments were replaced with Septentrio PolaRx5
instruments have now been re-added to the RT-GPS system. Data streams from the Septentrio PolaRx5
are now available in BINEX format; data metrics are gathered using the same mechanisms as used for
Trimble receivers.
Median latencies were consistently close to 185 milliseconds through Y4Q2 and very similar to those
observed through Y4Q1 (also ~185 ms). Similar to what was reported for Y4Q1, 25% of the network
consistently returned latencies (time of travel to the Boulder data system) of less than 150 ms. 75% of the
network returned latencies of less than 0.3 seconds, though there was in 40 millisecond increase in
median latencies between in January and March.
Table 2-6. Real-time GPS network completeness and latency for GAGE Y4Q2.
Month
Number of Sites
Network
Median
Completeness (%)

Latency (ms)

25%
(ms)

75% (ms)

2017-01

699

73

185

143

262

2017-02

701

77

183

140

281

2017-03

709

84

187

146

300

* Latencies are based on sites online during the quarter.
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Figure 2-7A. Real-time GPS latency during GAGE Y4Q2 plotted out to 1000 milliseconds.

Figure 2-7B. Real-time GPS median latencies across the western US during GAGE Y4Q2, March 2017
values.
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2.2.2 Field Support for the NASA GGN
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 59
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN) (Figure 2-8). UNAVCO
staff members monitor station network connections, ship new equipment to local station operators as
necessary, and construct new permanent sites as directed by JPL. UNAVCO staff work closely with local
collaborators at each station for the purposes of routine maintenance as well as troubleshooting when data
flow is interrupted, and also to perform field maintenance and upgrades.
Eighty-eight receivers are monitored in the GGN as 19 stations have multiple receivers on the same
antenna. During this past quarter, a legacy receiver at station DGAR, on Diego Garcia Island in the Indian
Ocean, was retired from operation, leaving one modern receiver at the site. This lowered the total number
of receivers in the network from eighty-nine to eighty-eight.
57 GGN stations are currently fully operational and provide daily files to the geodetic user community.
Three stations that are offline have all experienced outages of over one month, due to power and computer
issues.

Figure 2-8. Operational state of the NASA GGN on April 1, 2017. Green indicates an operational station. All
three stations marked in grey have had issues that persisted longer than three weeks.
During Y4Q2, station CHPI in Cachoeira Paulista, Brazil was visited by UNAVCO personnel for a major
equipment upgrade. The GNSS receiver, uninterruptable power supply, meteorological package, and
wireless radio communications system were replaced. The newly installed Septentrio PolaRx5 receiver is
capable of tracking all modern GNSS signals, as well as streaming the RTCM format, which is the IGS
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standard for real time data. The new wireless radios provide a significant increase in bandwidth, which
allows for a more robust link that can handle increased data throughput.
The upgrades were made possible thanks to collaborations with personnel from the Brazilian Institute for
Space Research (INPE), who arranged for site access, transportation, and local assistance.

Figure 2-9A. INPE staff members Eduardo Bergamini (left) and Yasuo Kuono (right), work on equipment
inside the equipment enclosure at the CHPI station. The shelter was purposely designed with a low roof to
reduce multipath for the nearby GNSS antenna.
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Figure 2-9B. INPE staff member Benedito Celso adjusts the tilt of the new flat panel slave radio antenna at
CHPI. The master radio and network hub are located at a distance of 0.6 miles from the station.
Other travel to support the NASA GGN included a visit to station HARV on the Harvest Oil Platform off the
coast of Santa Barbara, CA, in order to improve the performance of the wireless radio/VSAT
communications system. The VSAT access point at the onshore VNDP GNSS station on Vandenberg Air
Force Base was also visited, and all VSAT hardware replaced.
The VSAT hardware replacement resulted in notable improvement in signal robustness. The signal
strength of the link between HARV and VNDP was also improved by 20 dB with the installation of new
dual-polarity radio transceivers. In addition to addressing the radio telemetry issues, the router at VNDP
was rebooted and had its firmware and configuration file updated.

Figure 2-10. Station VNDP is located on the shore, at a distance of ~7 miles from the Harvest oil platform.
VNDP hosts the master radio, VSAT equipment, and gateway router shared by both PBO and GGN
receivers.
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Figure 2-11. The Harvest oil platform. The GNSS antenna is located on the upper deck near the helicopter
pad and the receiver and met pack are located in a weatherproof hut a few decks below.
SSH access was restored to stations RABT (Rabat, Morocco) and DGAR (Diego Garcia Island) during
Y4Q2. Each station had been offline for longer than one month because of a failed network switch and a
broken station computer, respectively. The stations were repaired and put back online with the help of
onsite collaborators.
Finally, in addition to CHPI, station FALK in the Falkland Islands also received a new Septentrio PolaRx5
GNSS receiver. Three additional Septentrio receivers are planned for installation in the NASA GGN during
Y4Q3.
NASA GGN Performance Metrics for Y4Q1 include Stations Monitored - 59; Receivers Monitored - 88; and
Troubleshoots – 161.
2.2.3 Polar Projects: POLENET
POLENET support is a year-round effort for the UNAVCO Polar team. With telemetered cGPS networks in
Greenland and Antarctica, the cycle of network monitoring, planning, preparation and field work is
continuous and ongoing. GAGE Y4Q2 GPS network activities for Polar Services were focused on managing
data flow and QC for both ANET and GNET sites, as well as providing significant support for the Antarctic
2016-2017 field maintenance of ANET sites.
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Figure 2-12. GNET station QUAQ in Greenland with Finn Bo Madsen (Photo: T. Nylen/UNAVCO).
No GNET field season activities were completed during Y4Q2, but data telemetry, management, and
archiving continued through Y4Q2. UNAVCO has worked with the NSF and other stakeholders to develop
cost saving strategies that will support continued operation of the network. As of the end of Y4Q2, 91% of
the GNET network was telemetering data (Figure 2-13). We expect a number of these sites to restart with
built in reboot protocols. Also, there is a good chance that the non-reporting sites experienced a
communications error and the data is still being collected at the sites. The lack of targeted GNET
maintenance in 2016 did not translate to a major risk of overall network performance for the year. The
extended lack of routine O&M has provided an opportunity to assess the network’s ability to operate under
the harsh Greenland conditions with reduced maintenance cycles. Iridium communications continue to
provide data downloads and state-of-health on a daily basis for the stations. For monthly averages, see
Figure 2-13. Overall the network is performing quite well. The stations are at a technically mature state and
are proving robust and reliable. A map of the sites making up the Greenland POLENET network can be
seen in Figure 2-14. The average cumulative GNET data recovery, measured by data that reaches the
UNAVCO archive, is currently at 90.3%.
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Figure 2-13. POLENET/GNET network status since inception. Solid red area shows the number of stations
operating through time (42 at close of Y4Q2). Blue line shows percentage cumulative monthly data return.

Figure 2-14. GNET continuously operating GPS stations in Greenland shown as green dots.
During GAGE Y4Q2, ANET support efforts focused extensively on field maintenance in addition to data
retrieval and archiving. The ANET field team entered Antarctica via Chile, ultimately staging out of the
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Antarctic Logistics and Expeditions, LLC (ALE) camp at Union Glacier. A contract with ALE provides a
logistical hub in far West Antarctica from which to access GPS sites on that side of the continent. Weather
at Union Glacier proved to be very good, and significant gains in the field plan were made very early in the
season. The field team transitioned from Union Glacier to the WAIS Divide summer camp on the West
Antarctic Ice Shelf to access sites too distant to reasonably reach from Union Glacier. The team finished
out the maintenance effort from McMurdo Station. In total, 22 of the 45 ANET sites were visited this year.
Of these, two were decommissioned and one was retired from the active ANET network but remains in use
as a community reference station on the McMurdo Dry Valleys region. A challenge that seems to be unique
to some of the Antarctic sites over the Greenland sites, is snow and ice buildup inside the radome of the
choke-ring antennas. Different strategies have been employed to try to combat this issue, which has been
shown to impact the data quality. External rime ice buildup is another challenge, particularly at the coastal
sites. Hydrophobic coatings have so far proven ineffective. See Figures 2-15A and B.

Figure 2-15A. Snow infiltration and build up inside ANET choke-ring antenna and radome at Cordiner
Peak, Antarctica. Photo: A. Zaino/UNAVCO.
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Figure 2-15B. Rime ice build up on ANET antenna radome at Minna Bluff, Antarctica. Photo: A.
Zaino/UNAVCO.
Currently 95.2% of ANET is telemetering data to UNAVCO. Built-in failover systems have proven effective
in boosting data return rates, as the POLENET systems currently deployed are designed with restart
protocols, which initiate after 30 days of no contact. While the severe Antarctic environment is particularly
hard on the ANET installations, most data outages are related to satellite communications rather than GPS
station hardware failures, and the sites not telemetering data are often still operational and logging data.
Missing data are either telemetered later (after collection) or downloaded manually during Austral summer
site visits. The current number of core ANET sites is 42. The average cumulative ANET data recovery,
measured by data that reaches the UNAVCO archive, is currently 88.9% and varies monthly (Figure 2-16).
Figure 2-17 shows the locations of the ANET network sites.
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Figure 2-16. POLENET/ANET network status since inception. Solid red area shows the number of stations
operating through time (45 at close of Y4Q2). Blue line shows monthly data return percentage.

Figure 2-17. Locations of ANET (green) and LARISSA (orange) continuously operating GPS stations in
Antarctica. ANET sites to be decommissioned during the 2016-2017 field season are shown as red dots.
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Figure 2-18. Transiting the Antarctic Peninsula by sea in support of the LARISSA maintenance effort.
Photo: S.Niebuhr/UNAVCO.
LARISSA (LARson Ice Shelf System), a sister network to POLENET, operating on the Antarctic Peninsula,
currently comprises 9 cGPS stations. The LARISSA award has expired, however the NSF has chosen to
keep most of the network operational until a final decision is made regarding the long-term future of the
network. A UNAVCO field engineer deployed aboard the RV Laurence M. Gould in order to decommission
one site located on the western side of the Antarctic Peninsula and to repair a site at Hugo Island. The sites
on the eastern and western sides of the peninsula will remain operational in the near term, pending the
development of a longer range plan.
GNET Stations receiving field maintenance visits during GAGE Y4Q2: 0
ANET Stations receiving field maintenance visits during GAGE Y4Q2: 11
2.2.4 Network Engineering Support for Other Community GPS Networks
UNAVCO provides operations and management (O&M) support at various levels to PI cGPS networks.
GAGE Y4Q2 activities included support to 853 cGPS stations in 69 different networks installed in support
of various PI projects. This number has dropped since GAGE Y4Q1 because we have retired a number of
stations that have not produced any data in the past 2 years. During Y4Q2, however, while new stations
have been added, the number has not offset fully the number of stations that were retired. Many of the 853
cGPS stations continue to operate well beyond the original award period. O&M support includes data
download, state-of-health monitoring and reporting, resolving communications and equipment issues,
shipping replacement equipment as needed, and working with PIs and local contacts to resolve problems.
UNAVCO, working closely with PIs and their collaborators, provides this cGPS O&M support at three
levels:
●

●

●

High – UNAVCO provides centralized O&M support that may include retrieving the data,
monitoring station data flow, and proactively responding to problems with data flow or station
hardware. Problems are fixed remotely, working with collaborators if necessary. If UNAVCO
maintenance travel or materials are required for O&M, they are funded by the PI project.
Medium – PI or collaborators download the data from the stations, monitor station data flow,
and handle most problems themselves. UNAVCO provides engineering and technical support on a
request basis. Any UNAVCO engineering maintenance trips and materials required for O&M are
covered by the PI project.
Low – UNAVCO provides only archiving support and a low level of technical support. UNAVCO
does not monitor or download data from stations. UNAVCO provides engineering and technical
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support on a request basis.
The performance of each network varies greatly and primarily has to do with the method of data delivery
and funding status or local support of the cGPS network. Networks with stations that are online, with data
downloaded and archived by UNAVCO, and serviced by engaged local collaborators, typically show a
higher data return than those that are manually downloaded. Networks with GPS receivers that are online
typically return some or all data within the reporting period, typically in the 75-100% range. In contrast,
networks that are in remote areas, not online, and are only downloaded infrequently, yield lower
percentage or no recent data returned for any particular quarter.

2.3 PI PROJECT SUPPORT
2.3.1 EAR PI GPS Project Engineering and Equipment Support
UNAVCO provides state-of-the-art GNSS equipment and engineering services to PI projects. This includes
project management (for both GNSS and TLS projects), planning, installation, operations and
maintenance of continuous, permanent GPS/GNSS station networks around the globe. Engineers and
technicians also undertake technology development, testing, and systems integration to support new
project demands.
2.3.1.1 GPS PI Project Support
In GAGE Y4Q2, 19 PI projects (2 NSF-EAR, 2 NSF-Other, and 15 Community) were supported by
UNAVCO. This is a significant increase over the last quarter and is primarily a result of supporting projects
that are using the UNAVCO receiver pool. Staff were involved in proposal development, project planning,
network design, monument design, equipment preparation and installation, and establishing real-time
data flow. In addition, UNAVCO supported fourteen new PI proposals (8 NSF-EAR, 2 NSF-Other, and 4
Community) through the development of budgets, scope of work documents, and letters of support.
One highlight for this quarter was the repair of the Arusha, Tanzania GPS station’s antenna by local
PI/Collaborators: Dr. Elifuraha Saria and Kristofa Ntembo. This station is part of the AfricaArray Network.
Typically when a choke-ring fails at a station it is replaced with a new one or it is fixed on site by a
UNAVCO engineer. In the case of Arusha, with its logistical constraints and great distance from Boulder, a
new part and instructions were sent to our local collaborators and they expertly repaired the antenna and
returned the station to normal operational status.

Figure 2-19. GNSS station ARSH. Dr. E. Saria and K. Ntembo replace the failed LNA on a choke-ring
antenna.
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2.3.1.2 EAR GPS/GNSS Instrument Pool
The GAGE Facility receiver pool consists of 697 GPS or GPS/GNSS capable receivers (Figure 2-20). The
receiver pool consists of Trimble NetR9, NetRS and R7, Topcon GB1000, and Septentrio PolaRx5 and
APS-RTK systems purchased by UNAVCO for use as both campaign instruments, project loans and to
support specific NSF-EAR projects deployed in semi-permanent installations. GAGE Y4Q2 saw a
continued high level of use of the UNAVCO receiver pool with an average of 83% and a peak of 85% (Figure
2-21).

Figure 2-20. UNAVCO NSF-EAR receiver pool inventory from 1 October 2003 through 31 March 2017. 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.

Figure 2-21. UNAVCO NSF-EAR receiver pool utilization from 1 October 2003 through 31 March 2017. The
metric reflects the proportion of receiver pool instruments that are sourced out of the UNAVCO
GeoLogistics Center and assigned to any project during any given week.
2.3.1.3 GPS Instrument Repairs
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The GAGE Facility continues to be an authorized Trimble repair facility for the UNAVCO community.
Since the introduction of the Trimble NetRS up to the recent release of Trimble’s latest GNSS product, the
NetR9, the UNAVCO community has purchased thousands of receivers through the UNAVCO Community
instrument purchase program. As part of this program, new receivers come with a five year warranty and
the stipulation that repairs are handled by UNAVCO. This arrangement has brought the costs down for
equipment purchases and further enables GPS instruments to be used for longer periods of time. During
Y4Q2, UNAVCO processed 32 Return Merchandise Authorizations (RMAs). This includes repairs for GPS
receivers, antennas, and surface meteorological packages. The repairs ranged from handling RMA
submissions to vendors to board level repairs. An offsite contractor, managed by UNAVCO staff, is
currently providing this PI support service. In addition, UNAVCO provides office support to collaborators
who perform repairs to PI equipment in remote locations. These repairs usually consist of flashcard
replacement in NetRS receivers and repairs or upgrades to antenna LNAs.
2.3.2 Polar Services
UNAVCO supports diverse science in the polar regions, including geodesy, geology, glaciology,
volcanology, and work at the ocean-ice interface. PI support can require extensive field work, particularly
in Antarctica, where travel and logistics are challenging (Figure 2-22). The Polar Services FTE count is
currently six, with five engineers and one project manager. All current team members provide direct
support of fielded projects and participate in various stages of project planning and preparation for the
polar project loads. Planning and support activities for the Arctic and Antarctic are ongoing year round,
currently with significant overlap. UNAVCO engineers provided support to three new projects in Y4Q2, in
addition to the continued support of multiple projects carrying over from Y4Q1, for a total of 27 supported
Antarctic projects this year. Like GNET to the north, UNAVCO provides year round support to the ANET
and LARISSA networks. This work includes both field and data management work. Access to the Antarctic
Peninsula is viable year round, so it is possible to work with PI projects in this region at almost any time.

Figure 2-22. Field work at Howard Nunatak, Antarctica (Photo: A.Zaino/UNAVCO).
Regular Terrestrial Laser Scanning (TLS) support is provided to PI teams in the Arctic and Antarctic.
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UNAVCO engineers deploy both a longer-range Riegl VZ-2000 and a shorter-range VZ-400 scanner for
polar field applications. This suite of scanners enables a broad range of uses, including small scale
volumetric estimates and surface change detection. Geodetic imaging has proven to be an important part of
the core technical support offered by UNAVCO in the Arctic and the Antarctic (Figures 2-23A and B). Two
PI projects were supported with TLS this quarter. While Terrestrial Laser Scanning (TLS) has been the
primary vehicle for this work, this Antarctic field season marked the first time that UNAVCO has
introduced Structure from Motion (SfM), using a small aerial UAV platform. The data products from such
missions include high resolution geo-referenced imagery, high resolution 3-D point clouds, and surface
terrain models. The PIs supported by this technology have requested continuing SfM support next year.
Highly successful and complementary to TLS support, the SfM technique can create cost effective digital
elevation maps products for PLR PIs.

Figure 2-23A: TLS imaging support performed for PI Douglas Macayeal on the McMurdo ice shelf. Photo:
B. Hodge/UNAVCO.

Figure 2-23B: Digital Elevation Map image resulting from the TLS imaging support provided to PI Douglas
Macayeal on the McMurdo ice shelf. Photo: B. Hodge/UNAVCO.
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Antarctic support requires UNAVCO engineers to travel to remote locations across the Antarctic continent.
To support the project load, roughly 6,000 pounds of cargo was prepped and shipped to McMurdo Station
and UNION Glacier for the current field season.
UNAVCO provided support to five PI projects in the Arctic during Y4Q2 in addition to data and network
monitoring efforts for GNET and GLISN. Early project starts are now more common for both the Arctic
and the Antarctic. As projects grow larger, longer, and more complex, the Polar team at UNAVCO spends
more time working on preparation and planning for PI projects in both hemispheres year round.
UNAVCO monitors and maintains several non-POLENET GPS networks in the Arctic and Antarctic, and
also maintains GPS reference stations and forward-deployed equipment at multiple locations. In the
Arctic, these stations are at Barrow, Atqasuk, Toolik camps in Alaska and Summit Station in Greenland. In
Antarctica, these are at three continuously operated US research stations: McMurdo Station, Palmer
Station and the Amundsen-Scott South Pole Station. These stations are used by as many as fifteen
additional science teams each year. Currently, there are 124 GPS receivers in the Arctic pool and 214
systems in the Antarctic pool. Many of these are deployed year round in support of continuous stations in
Greenland and Antarctica.
The Polar Services manager provided supporting documents, including budgets and letters of support to 10
PIs submitting to the NSF solicitation for Arctic and Antarctic research opportunities, as well as to NASA
solicitations.
2.3.3 Geodetic Imaging (TLS)
Geodetic Imaging (TLS) activities during GAGE Y4Q2 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 performed by a FE I). Field engineering support from the PI
Projects groups varies as a function of TLS field project demand. In GAGE Y4Q2, a total of 15 TLS projects
and proposals (9 NSF EAR, 1 NSF Other, 2 NSF PLR ANT, 3 Other Community) were supported by the
Geodetic Imaging project (Figure 2-24).

Figure 2-24. Number of TLS projects and proposals supported by UNAVCO through 31 March 2017. Note:
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this plot shows the number of projects per award year (which ends in September); the current award year
(2017) is only partial, through March 2017.
To meet the needs of a diversifying TLS user community, UNAVCO is actively developing training
resources and documentation to support Earth science TLS users. The TLS Knowledgebase provides
resources with a focus on software tutorials and training.
During GAGE Y4Q2, the Geodetic Imaging group coordinated with the Polar Services group to support PI
C. Polashenski with operations using a newly acquired Riegl VZ-6000 laser scanner. The instrument is
currently fielded in support of the PI’s project in Barrow, AK. This instrument was acquired by NSF in
support of the PI project, and once his research is complete, the scanner will be transferred to the
UNAVCO instrument pool for broader community use. The Riegl VZ-6000 is a long range, near IR scanner
designed for snow and ice applications. During the reporting period UNAVCO provided assistance to the PI
in the form of instrument troubleshooting and coordination with the manufacturer. Problems with the
VZ-6000 related to miscalibration were identified in the field and were confirmed through UNAVCO staff
review of the PI’s data. UNAVCO also was on call to provide a backup instrument in the event the
manufacturer was unable to provide an interim solution.
Other activities included maintenance and upkeep of the TLS instrument pool. Specifically, UNAVCO’s
Riegl VZ-1000 was returned to Riegl in Horn, Austria due to the system failing to boot. It is expected back
in Boulder, CO in early Y4Q3.
A publication this quarter in AGU’s Eos journal highlighted the ongoing collaboration between the
Geodetic Imaging group and ECE in the area of geodesy field education. Over the past several years we
have been continuing our efforts to integrate imaging technologies in geoscience field education and to
develop support curriculum. The Eos publications highlights these resources and a dissemination
workshop held in Y3Q4 at the Indiana University Geologic Field Station in Montana (Pratt-Sitaula et al.,
2017).

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, following the departure of D&T Engineer H. Berglund in February, 2017.
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 software and implementation of receiver- and server-based real-time GPS positioning capabilities
in close collaboration with GDS are important ongoing projects undertaken by D&T staff. Under guidance
from the Development and Testing Product Council, the group’s activities continue to be oriented toward
four important strategic goals: 1) development of battery monitoring tools, which can help realize economy
and efficiency of field operations; 2) evaluation of 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 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) evluation
of GNSS monument stability.
The D&T group continues to lead integration of new PolaRx5 GNSS receivers into UNAVCO-operated
cGNSS networks. As we collaborate with Septentrio on the prioritization and implementation of new
features to the receiver’s firmware and configuration software on an ongoing basis, PolaRx5 receivers are
now being routinely installed at PBO stations. 109 PolaRx5 receivers have been installed at
UNAVCO-operated stations with an additional five at community-operated stations, with only four failures
having been reported to date, two of which were caused by lightning strikes.
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Figure 2-25. CONUS distribution of Septentrio PolaRx5 receivers, with newest firmware 5.1.1 in green, and
older versions in red.
New PolaRx5 firmware was released during Y4Q2: version 5.1.1 addressed a critical network vulnerability
that allowed a receiver to be used to launch internet DDoS (Distributed Denial of Service) attacks. Field
deployment of this firmware update at PBO stations is moving forward. The new firmware version is the
result of extensive collaboration between the UNAVCO D&T group and Septentrio.
Trimble also released a critical new version of NetR9 firmware during Y4Q2. Version 5.22 contained a
critical bug fix that addressed the tendency of the NetR9 to cease logging data to internal memory, while
other functions, including tracking and data streaming, continued normally. This resulted in daily
standard rate files not being archived, but high-rate streams, which are often incomplete, were the only
data source available to the archive. There were other important fixes that brought file naming and RINEX
headers into compliance with IGS standards. The D&T group tested and approved the firmware late in the
Y4Q2, and developed new receiver configuration files to monitor the fixes of internal memory function.
Approximately half of UNAVCO-operated NetR9 receivers have been updated, with full deployment
anticipated early in Y4Q3.
The D&T Performance Metric for Y4Q2 included 14 Development and Testing projects in progress, with six
completed.

2.5 GI PROGRAM SUMMARY
GAGE Y4Q2 was another successful quarter for GI. The new firmware for the Septentrio PolaRx5, which
was released and uploaded to many PBO stations during Y4Q2, allowing BINEX streaming and full
integration into the UNAVCO RT-GNSS system. PBO stations that had been temporarily removed from the
RT-GNSS system have now be returned to normal streaming. Revised firmware is also being uploaded to
PBO Trimble NetR9 instruments. Data flow and data product generation are now fully implemented for 5
of 6 GeoGONAF BSM stations in Turkey. One station still needs power infrastructure to allow completion
of the network. COCONet and TLALOCNet construction is now complete. A request to support COCONet
Operations & Maintenance as part of GAGE was approved by NSF-EAR during Y3Q3, but was declined by
DACS and withdrawn. UNAVCO intends to submit a new proposal later this year to obtain necessary
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bridging funds for continued operation of COCONet through the close of GAGE. At the close of Y4Q2, the
GI group headcount was 38 with 36.4 FTE, down an additional 1.0 FTE relative to GAGE Y4Q1, with the
loss of a D&T engineer who voluntarily separated from UNAVCO. We do not anticipate hiring a
replacement engineer at this time because of GAGE Y4 budget constraints.

3. Geodetic Data Services Program
3.1 OVERVIEW
The Geodetic Data Services (GDS) program manages a complex set of metadata and data flow operations
providing a wide range of geodetic/geophysical observations to scientific and educational communities.
Sensors currently include GPS (downloaded files and high rate data streaming in real time (RT-GPS)),
borehole geophysics instrumentation (strainmeters, tiltmeters, seismometers, accelerometers, pore
pressure and meteorological sensors), long baseline laser strainmeters, and terrestrial laser scanners. Field
data are acquired either from continuously operating sites or episodic “campaign” surveys conducted by
the community. UNAVCO also acquires and distributes satellite synthetic aperture radar (SAR) data from
foreign space agencies. GDS services include data operations (managing metadata; data downloading,
ingesting and preprocessing); data products and services (generating processed results and QA/QC and
state-of-health monitoring); data management and archiving (distribution and curation);
cyberinfrastructure; and information technology (systems and web administration). In order to perform
this work, GDS maintains a highly specialized technical staff, onsite and offsite computer facilities with
networking, servers and disc storage, and manages a number of subawards to university groups who
provide additional products, software and training.
Some highlights of activities for the GAGE Y4Q2 quarter include:
●

The total volume of data archived this quarter, 18.9 TB, was 11.3 TB greater than last quarter,
primarily due to SAR data. The total volume of data archived (all sensors) is now over 252 TB
(including 9.8 TB of ALS data archived at OpenTopography/NCALM).

●

The total volume of data delivered to users this quarter, 18.2 TB, was 3.2 TB greater than last
quarter, primarily due to increased GPS standard rate and TLS data deliveries. The total volume of
data delivered (all sensors) is now over 392 TB (including 16 TB of ALS data delivered via
OpenTopography prior to GAGE). As was the case last quarter, the volume of deliveries this
quarter was artificially low (probably by several TBs) due to issues with tracking RT-GPS metrics.

●

This quarter, the monthly average of unique users across all datasets was 2,424. This was the
lowest count since Y2Q2, but was artificially low due to issues with tracking RT-GPS metrics, as
well as issues from having to switch between primary and ftp systems for delivery of standard GPS
data throughout the quarter, both of which resulted in uncounted users.

●

Work began on hourly data file retrieval and storage, using Septentrio GNSS real time tools.

●

Eight GPS campaigns and 25 TLS campaigns were archived this period.

●

A total of 1,839 GPS stations were processed by the GAGE GPS Analysis Centers (ACs) and
Analysis Center Coordinator (ACC) this quarter. Sixteen new stations were added to the processing
stream this period (from TLALOCNet and new networks in Oklahoma and Tanzania).

●

On January 29, 2017 (GPS week 1934 day 0), the IGS switched its operational products to use the
IGS14 system, replacing the current IGb08 system. Both the CWU and NMT ACs implemented
reference frame updates starting January 29, 2017. The immediate effect on the GAGE/PBO
analyses should be small because the GAGE/PBO analysis centers will not adopt the new IGS14
ANTEX file until a later date when GAGE has reprocessed the data prior to week 1934 with the new
IGS14 ANTEX file. The current plan is to complete all reprocessing and then release the full set of
time series in the NAM14 (IGS14 rotated to the North American Plate) and IGS14 reference
frames. The reprocessing should start shortly and is expected to be completed before the end of
2017.
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●

In order to communicate the effects of IGS14 to GAGE data product users and to provide a
roadmap for GAGE data products in IGS14, a document called the “GAGE GPS Data Analysis Plan
for Transitioning to ITRF2014/IGS14” was posted on the UNAVCO website on February 3rd, and
was updated on March 27. A user advisory was also transmitted via the unav-data listserve on
February 6th.

●

Four custom requests for high-rate GPS data downloads were supported this period, including an
event response for volcanic activity in Tanzania.

●

One fully processed high-rate (1 Hz) borehole strainmeter data set was generated this quarter, in
response to the M7.9 earthquake in Papua New Guinea in January.

●

Six months after installation, the new borehole strainmeter in Oklahoma is passing all data quality
metrics defined for PBO strainmeters. The first Level 2 5-minute processed data set for this
strainmeter was made available to the community on 25 January 2017.

●

Raw data are now flowing from 5 of 6 strainmeters installed in Turkey ( BOZ1, BUY1, ESN1, HALK
and TEPE). These data are now available to the community in bottle, SEED and ASCII formats and
can be accessed through UNAVCO’s main strainmeter data web-page and from the IRIS DMC.

●

The 2017 Cascadia Episodic Tremor and slip event began in mid February and progressed through
the first week of April (Figures 3-5A and B). The event was recorded by several PBO strainmeters.
The data for this event are available as Level 2 products.

●

Hydrologic loading models based on the Global Land Data Assimilation Models (GLDAS) are
available from ftp and documentation is available from the UNAVCO web page as of Y4Q2.

●

Data archiving and distribution is an operational activity that continues to grow, with a total of 29
continuous GPS/GNSS stations added for archiving from the Antarctica Infrastructure, Antarctica
PI Continuous, Azerbaijan, COCONet, Ecuador IGEPN, Ethiopia Tectonics, IGS, Mississippi Delta,
PBO, and TLALOCNet networks.

●

On four separate occasions during the quarter, outages in network, storage, and Virtual Machine
server systems temporarily disrupted the full functioning of archiving processes. No data loss
resulted from these issues.

●

New processes deployed to production last quarter (for translating Septentrio SBF format files to
RINEX 3) created two new issues that were resolved.

●

The archived volume for high-rate GPS data for this quarter again set a record at 2.89 TB,
exceeding (by 0.187 Tb) the previous quarterly record (Y4Q1).

●

The volume of GPS data products delivered this quarter, at 0.41 TB, marks a return to more
“normal” delivery rates after the high volume delivered in Y4Q1.

●

The volume of standard rate GPS data archived for Y4Q2, at 1.30 TB, was a slight drop from the
previous two quarters. This drop may reflect the lower uptime and data return metrics for the PBO
network related to budget-constrained, deferred O&M as reported by the GI Program.

●

The delivered volume of standard rate data was quite high at 11.468 TB. However, this total
included 4.535 TB delivered to a single second level domain, Central Washington University, all
delivered during January. When the CWU pickup is accounted for (CWU is a GAGE Facility
Analysis Center; the large download addressed a drive failure there), the quarterly standard rate
delivery was only slightly high at an average of 2.31 TB per month compared to an average of 2.15
TB per month for GAGE up through Y4Q1.

●

The number of active GPS stations with data delivered via stream rebounded with the
implementation of BINEX streaming capability for Septentrio receivers.

●

The elevation in the number of teqc software downloads noted in Y4Q1 continued this quarter.

●

Forty-three new users requested access to the data streams in Y4Q2 bringing the total number of
registered RT-GPS users to 679 (Figure 3-6), an increase of 7% which is approximately the same
rate of increase as for the previous tw0 quarters. The largest growth in user numbers was in the
Commercial group (32), compared to 7 and 4 in the Academic and Government categories
respectively.

●

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

Approximately 322 GB of TLS data archived this quarter, about twice as much data as last quarter.

●

Approximately 100 GB of data were downloaded from the TLS archive by 10 unique users in Y4Q2,
the highest download volume since Y3Q3.

●

Feedback from a user survey sent out to a dozen TLS PIs in December 2016 and January 2017
revealed generally positive comments on website user experience, and suggested improvements
that were implemented in February 2017. A broader survey of TLS PIs is planned in the coming
quarter.

●

The volume of SAR data archived in Y4Q2, at 13+ TB, was larger than last quarter. The larger
volume is a result of ALOS-2 orders from managed PI proposals. The volume of SAR data delivered
in Y4Q2 (3.5TB) was around the same as last quarter (3.3TB).

●

This quarter, efforts began in earnest on the new EarthCube Building Blocks project “Deploying
MultiFacility Cyberinfrastructure in Commercial and Private Cloud-based Systems (GeoSciCloud)”
in collaboration with IRIS and GPS analysis center subaward partners Central Washington
University and New Mexico Tech.

●

As part of the EarthCollab project, development of the GPS/GNSS DOI API was completed to
deployment on the development application server.

●

Testing of the tilt and pore services this quarter uncovered several issues within these web services.
The issues have been corrected and the new services are now available on the web services
production site.

●

An educational video on how to use the GPS position web service has been added to the UNAVCO
web site (http://www.unavco.org/data/web-services/web-services.html).

●

During Y4Q2, UNAVCO participated with other members of NASA’s Earth Science Data System
Working Group in the development of an engineering report to the Open Geospatial Consortium.
The report explores the use of TimeSeriesML in three different domains and the describes the
challenges faced, along with proposed changes that would help improve the overall usefulness of
this markup language in these domains.

●

The upgrade to VMWare 6.0 for the virtual computing environment was completed this quarter.

●

Remote maintenance hardware modules were added to all of the real time systems so they can be
accessed remotely should there be an issue with a system.

●

In January, UNAVCO’s primary ISP had an equipment malfunction that flooded the network with
small packets, overloading network equipment and impacting most of the systems supporting
UNAVCO production environment. Testing determined that the problem lay with the primary ISP;
so provider connectivity was disabled. Incoming internet traffic switched to the backup provider,
until the primary ISP resolved the problem the next day. A more formal process for improved
system outage communications, for both the science community and UNAVCO staff, was
developed in a “lessons learned” follow-up meeting.

●

Several Infortrend SAN failures occurred this quarter at both the Boulder and the FRII backup site
in Fort Collins. The problems were resolved by hardware replacement.

●

The cutover to a new internet phone system took place in January. Training sessions were held and
a video was made to train future employees.

●

An automated script was developed for creating and configuring VPN connections at field
deployments, a task formerly performed by IT staff. This new script performs the required
configuration changes within a matter of seconds, thereby reducing IT staff effort and eliminating
introduced configuration errors.

●

Software development team started testing the 9.6 release of Postgres software. This release
provides improved performance when using data from multiple tables across different Postgres
databases, laying the groundwork for efficiencies in the migration of the archive from Oracle to
this same release on Postgres.
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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 Y4Q2
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Permanent Stations Archived - All Sensors (Qty)

3,065

Data Volume Archived - All Products (GB)

18,860

Data Volume Delivered - All Products (GB)

18,208

PBO Data Volume Archived - All Products (GB)

2,741

PBO Data Volume Delivered - All Products (GB)

9,179

CAMPAIGNS ARCHIVED (QTY)

GAGE Y4Q2

GPS

8

TLS

25

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

GAGE Y4Q2
2,840

GPS High Rate (1-Hz and Higher)

790

Delivered via Stream

616

Delivered via Download, Continuous

161

Delivered via Download, Intermittent

46

Seismic

83

BSM

87

Tilt

26

Pore Pressure

23

LSM

6

TOTAL STATIONS W/ DATA MAINTAINED IN ARCHIVE (QTY)
GPS - All Stations with Data

GAGE Y4Q2
13,243

GPS - All Campaigns with Data

1,025

GPS - All Permanent Stations with Data

3,399

Seismic

84

BSM

88

Tilt

27

Pore Pressure

23

LSM

7

DATA VOLUME ARCHIVED (GB)

GAGE Y4Q2

GPS - All sample rates and delivery methods

4,898

GPS Standard Rate

1,302

GPS High Rate

2,890

GPS Data Products (Level 2 and higher)

706
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Seismic

217

BSM Raw Data

96

BSM Data Products

1.7

Tilt

1

Pore Pressure

1

LSM Raw Data

3

LSM Data Products

0.001

SAR

13,317

TLS

325

DATA VOLUME DELIVERED (GB)

GAGE Y4Q2

GPS - All sample rates and delivery methods

13,437

GPS Standard Rate

11,463

GPS High Rate

1,568

GPS Data Products (Level 2 and higher)

406

GPS Real Time Streams

N/A

Seismic

554

BSM Raw Data

174

BSM Data Products

315

Tilt

5.0

Pore Pressure

69

LSM Raw Data

0.2

LSM Data Products

0.1

SAR
TLS

3,554
100

DATA USERS (MONTHLY AVERAGE, QTY)
GPS Standard Rate (unique IPs)

GAGE Y4Q2
1,501

GPS High Rate (unique IPs)

76

GPS Data Products (unique IPs)

198

GPS Real Time Streams (active registered users)

N/A

Seismic (2nd level domains)

107

BSM Raw Data (2nd level domains)

35

BSM Data Products (2nd level domains)

37

Tilt (2nd level domains)

8

Pore Pressure (2nd level domains)

33

LSM Raw Data (2nd level domains)

5

LSM Data Products (2nd level domains)

9

ALS (unique users reported by OpenTopography)

133

SAR (active registered users)

14

TLS (unique IP's)

3
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CUSTOM HIGH RATE GPS DATA REQUESTS THIS PERIOD (QTY)

GAGE Y4Q2

Event response

1

Total

4

NSF & NASA COMMUNITY SOFTWARE (QTY)
TEQC downloads

GAGE Y4Q2
17,518

TEQC information requests

330

ISCE downloads

236

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

GAGE Y4Q2

PBO GPS

2,440

PBO GPS Standard Rate

580

PBO GPS High Rate

1,154

PBO GPS Data Products (Level 2 and higher)

706

PBO Seismic

206

PBO BSM Raw Data

89

PBO BSM Data Products (Level 2 and higher)

1.7

PBO Tilt

1

PBO Pore Pressure

1

PBO LSM

3

PBO LSM Data Products (Level 2 and higher)

0

PBO DATA VOLUME DELIVERED (GB)

GAGE Y4Q2

PBO GPS

8,098

PBO GPS Standard Rate

6,124

PBO GPS High Rate

1,568

PBO GPS Data Products (Level 2 and higher)

406

PBO GPS Real Time Streams

0

PBO Seismic

519

PBO BSM Raw Data

169

PBO BSM Data Products (Level 2 and higher)

315

PBO Met

3.3

PBO Tilt

5.0

PBO Pore Pressure

69

PBO LSM Raw Data

0.2

PBO LSM Data Products (Level 2 and higher)

0.1
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Figure 3-1. Cumulative total volume of UNAVCO
data archived from 01 January 2004 through 31
March 2017. More than 252 TB of data have been
archived including >19 TB in Y4Q2 and >156 TB
since the beginning of GAGE.

Figure 3-2. Cumulative total volume of UNAVCO
data delivered from 01 January 2004 through 31
March 2017. More than 392 TB of data have been
delivered including >18 TB in Y4Q2 and >259 TB
since the beginning of GAGE.

Figure 3-3A. Number of UNAVCO data users by quarter from 01 January 2009 through 31 March 2017,
including 2,424+ users this quarter. The method of counting users varies by data product, for example by
unique IP address, second level domain or unique authentication. Values in this figure are consistent with
the user count method given in the Data Users section of Table 3-1. Note: starting in 2016-06 the number
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of RT-GPS users has been artificially low due to problems with the collection of RT-GPS metrics.

Figure 3-3B. Number of non-GPS data users (by second level domain or unique authentication) from 01
October 2013 through 31 March 2017, including 649+ users this quarter. This is a subset of the total data
users shown in Figure 3-3A.

Figure 3-4. Number of geophysical event responses by UNAVCO from from 01 October 2013 through 31
March 2017, including one BSM data-only event response and one GNSS data-only event response this
quarter.

3.2 DATA OPERATIONS AND MANAGEMENT
3.2.1 Network Data Flow
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Network data flow includes data and metadata management from the field to the Boulder operations
center, a critical activity in support of data archiving and distribution (for related performance metrics, see
Table 3-1). Staff with responsibilities for data and metadata flow focus on timely handling of operational
flow and addressed issues as they arose.
A disk controller was replaced on the system responsible for pushing accelerometer data collection to IRIS.
The controller had unknowingly been in a degraded state for several years. Processing throughput
increased on replacement, but the older version of Python supporting the software could not handle the
increased throughput; it locked up on a regular basis. This issue was resolved by porting the software to a
new operating system and collaborating with IRIS on the use of a different Antelope Object Ring Buffer
(ORB) for accelerometer data collection.
Hourly data file to retrieval and archiving using the Septentrio real time system began this quarter.
Septentrio naming conventions are inconsistent with UNAVCO conventions for the real time system and
and the archive software. Modifications are being made to the data flow software to resolve this
inconsistency and should be available next quarter.
3.2.2 Campaign Data Flow
Eight GPS campaigns and 25 TLS campaigns were archived this period (Table 3-1). Archiving has been
initiated for another twenty GPS campaigns; these remain incomplete due to missing data or
documentation from the contributors.

3.3 DATA PRODUCTS
3.3.1 GPS/GNSS Data Processing and Products
The GAGE GPS Analysis Centers (ACs) and Analysis Center Coordinator (ACC) processed data and
provided products this quarter from 1,839 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. Sixteen
new GPS stations were added to the processing stream this period from TLALOCNet and new networks in
Oklahoma and Tanzania. Routine data processing and product operations were stable. Regular monthly
analysis operations conference calls were attended by UNAVCO and AC/ACC personnel.
The Herring et al., 2016 article, recently published in Reviews of Geophysics, was featured as a Science
Snapshot on the UNAVCO webpage in March: “Everything You Need to Know About GPS Data Analysis
and Geodetic Products from the Plate Boundary Observatory and Related Networks.”
High-rate (1Hz and 5Hz) GPS data were provided in response to one event and three custom requests
described in section 3.3.1.5.
On January 29, 2017 (GPS week 1934 day 0), the IGS switched its operational products to use the IGS14
system, replacing the current IGb08 system. There are two major consequences of this change: (1) a new
set of coordinates, velocities and, for some stations, post-seismic deformation models are being adopted
for the core set of IGS sites that define the IGS realization of the ITRF2014 system; and (2) the antenna
phase center models are being updated for the GPS satellites and for some GPS station antennas. The
change in the reference frame realization should be small but the change in the antenna model will change
the coordinates of some stations by up to 19 mm in height and 5 mm in horizontal coordinates.
As a result, the CWU and NMT ACs implemented reference frame updates starting January 29, 2017. Since
then, both rapid orbit solutions are in IGS14 to conform with updated processing parameters in JPL rapid
orbit products; final orbit products are and will remain in IGb08 until JPL produces final orbit and
antenna model products in IGS14 for the entire history of observations.
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The immediate effect on the GAGE/PBO analyses should be small because the GAGE/PBO analysis centers
will not adopt the new IGS14 ANTEX file until a JPL produces IGS14 ANTEX files for historical data prior
to week 1934, and GAGE has reprocessed the historical data. The IGS combined orbits based on the IGS14
system have already been generated and NMT can use these files now. The PPP AC (CWU) will start
reprocessing when JPL IGS14 orbits and clocks become available. The current plan is to release the full set
of time series in the NAM14 (IGS14 rotated to the North America Plate) and IGS14 reference frames when
JPL products are available and all reprocessing is complete. The operational processing will also switch at
the time of the release so that there will be no artificial offsets in the time series. The reprocessing is
expected to take several months and an announcement will be made when the time series products are to
be updated. The frame-resolved and loose SINEX files will be updated during the reprocessing, and this is
expected to be completed before the end of 2017.
In addition to this difference between rapid and final orbit processing, there are other differences that are
documented in the GAGE analysis plan. The most important of these differences is that the 2nd and higher
order ionospheric delay corrections are not applied in the rapid processing by either AC, as those
corrections are not instantaneously available. Analysis of the position estimates since GPS week 1934 from
rapid orbit versus final orbit processing shows that the higher order ionospheric corrections make a larger
contribution to position differences than those from the reference system and antenna calibration model.
For comparisons around week 1934, the mean differences between solutions in horizontal components are
all less than 1 mm. For the height component, mean differences in the rapid processing by antenna type are
all less than 10 mm. The largest antenna type mean difference is for the TRM57971.00 with no radome
where we estimate the mean change due applying the IGS14 phase center model in the PPP rapid
processing is ~5 mm in height and <1 mm in horizontal components. There is no impact on final data
products because both the NMT and CWU analyses rely on IGb08.
In order to communicate the effects and provide a roadmap for GAGE data products in IGS14, a document
called the “GAGE GPS Data Analysis Plan for Transitioning to ITRF2014/IGS14” was posted on the
UNAVCO website on February 3rd, and was updated on March 27. A user advisory was also transmitted via
the unav-data listserve on February 6th.
Major updates were made to GPS data analysis documentation this quarter, including the “Transitioning”
document and an updated and expanded version of the “GPS Data Analysis Plan: GAGE.” Both are
available from the GPS derived data products web page. Other new and updated resources were added to
the GPS data products web page, the GAGE GPS AC Products Log, and the Google+ web page focusing on
GAGE GPS data products.
3.3.1.1 GPS Analysis Center Subaward: Central Washington University
●
●
●
●
●

Generation of rapid, final and supplemental products was stable with no delays or issues.
Metadata updates were made and minor issues were resolved.
Several new stations were added to the processing stream.
CWU obtained a GIPSY-X license from Caltech and downloaded the software.
Hardware was stable and no operational software upgrades were performed.

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.
Updated GAMIT/GLOBK analysis package version 10.6 tables for reassignment of SVN 34 to SVN
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Rapid and Final Orbit solutions for days starting 29 Jan 2017 use IGS orbit products in IGS14. The
solutions will continue to use IGS08 antenna models until a complete reprocessing of all data
using IGS14 antenna models is released.
Fifteen new stations were added to the processing, including 2 stations associated with the
TLALOCNet project in Mexico, 8 stations near Pawnee, Oklahoma, and 5 stations near the Ol
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●

Doinyo Lengai volcano in Tanzania. Processing now routinely includes 1610-1653 stations in the
rapid solutions, 1695-1724 stations in final solutions, and 1876-1895 stations in the six-month
supplemental solutions until GPS week 1908 and then 1825-1845 thru GPS week 1913.
GAMIT/GLOBK processing software and AC operation scripts were tested on an 8-cpu Virtual
Machine at the UNAVCO Facility. The system libraries were upgraded for compatibility with the
GAMIT/GLOBK installation. This VM will provide minimal but sufficient capabilities to perform
the routine processing required by the AC. The VM will be used when the primary AC processing
cluster is moved to the Facility in Y4Q2, in anticipation of the next cpu-intensive reprocessing to
incorporate new ITRF2014 models, later in Y4.

3.3.1.3 GPS Analysis Center Coordinator Subaward: Massachusetts Institute of Technology
Level 2 Products. Routine combination of final and rapid level 2a products was stable, including 12- and
26-week supplemental solutions. During this quarter 1,839 sites were processed (compared to 1,869 last
quarter). The total number is lower because some stations were offline/unreachable or not processed for
various reasons. Most of the missing stations seemed to be from the expanded network, i.e. stations not
operated or archived by UNAVCO. Statistics reported cover the period from 15 December 2016 to 11 March
2017.
Analysis of Final Products. For the three months of the final position time series generated by NMT, CWU
and combination of the two, MIT fit linear trends and annual signals and computed the RMS scatter of
position residuals in north, east and up for each site in the analysis. The median horizontal RMS scatter is
1.0 mm or less for all centers, and as low as 0.9 mm for the NMT north and combined PBO east
components. The vertical RMS scatter is less than or equal to 6.0 mm and as low as 5.5 mm. These
statistics are slightly larger than last quarter. Seasonal changes in atmospheric delay properties will
introduce small variations in these values from quarter to quarter, with this quarter being slightly worse
than last quarter. In the NAM08 frame realization, scale changes are not estimated.
Snapshot Velocity Field Analysis. MIT generates monthly and quarterly “snapshot” velocity fields in the
NAM08 reference frame based on the time series analysis of all data processed to that time. These are
distributed as official products from the UNAVCO website in the form of snapshot fields (SNAPS) and the
significant updates to the standard PBO velocity file (SNIPS file) in standard PBO velocity field format.
There are 2,207 stations in the combined PBO solution which is slightly larger than the 2,191 stations
reported in the last quarter. See the MIT ACC quarterly report for additional information. Offsets are
estimated for antenna changes and earthquakes. Annual signals are estimated and, for some earthquakes,
logarithmic postseismic signals are also estimated. A direct comparison of the NMT and CWU solutions
shows the weighted root mean square (WRMS) difference between the two velocity fields is 0.07 mm/yr
horizontal and 0.72 mm/yr vertical in direct difference of all sites within 0.5 meters of each other. Detailed
presentation and discussion of these and other statistics are provided in the full MIT quarterly report
available from the UNAVCO website.
Earthquake Analyses. The NEIC catalog was used to search for earthquakes that could cause coseismic
offsets. Nineteen earthquakes in the period from 2016-12-15 to 2017-03-15 were analyzed. Minor effects at
some stations in the Brawley, CA seismic zone during are likely associated with the 2016-12-31 swarm
there. Station P133 was slightly affected by the M3.8 Hawthorne, NV on 2017-01-02. Small offsets from
other events this period were not observed due to data gaps at nearby stations (ABVI, P488, AC66) but are
unlikely to have much impact on time series.
New product to be released next quarter: Time series offset estimates from a Kalman Filter analysis. MIT
will introduce a new product in Y4Q3 that will include estimated offsets (NEU) at the times of antenna
changes, equipment failures and earthquakes. The header to the file describes format and caveats
associated with these estimates. Current processing ancillary files (All_PBO_ants.eq, All_PBO_eqs.eq,
All_PBO_unkn.eq) identify and quantify known offsets but do not provide 3-component (NEU) offset
estimates. This new product is intended to help users more easily and directly assimilate known station
offsets. It could also facilitate new and enhanced web services for time series analysis.
46

3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of
Technology
During this quarter, MIT’s primary effort in support of this task was to operationally test and prepare for
distribution of the next release of GAMIT/GLOBK (10.61), the first to offer users code to handle Beidou,
Galileo, and IRNSS observations. There is still work to be done to refine the yaw models for these satellites,
but the goal is to have this work completed by the time the IGS determination of their orbits reaches a level
for which the yaw model will matter, which may ultimately depend on the global expansion of
GNSS-capable ground networks. MIT staff continued to spend 5-10 hours per week in email support of
GAMIT/GLOBK users. During this quarter MIT issued 24 royalty-free licenses to educational and research
institutions.
3.3.1.5 Custom GPS Data Product Requests
UNAVCO supported four PI custom requests for high-rate (1Hz or greater) GPS data downloads this period
including one geophysical event response following volcanic activity in Tanzania. Non-event requests were
related a SCEC GPS survey of the Imperial and Cerro Prieto faults, a NASA funded UCSD survey of the San
Andreas fault, and support for a commercial aerial survey project near Grass Valley, OR for FEMA and the
Oregon LiDAR consortium.
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 events greater than a M7 anywhere
in the world, any event greater than M5 within the PBO regions, or in the event of a user request. Routine
data processing and product operations were stable this period. One fully processed high rate (1 Hz)
borehole strainmeter data set was generated this period for the following earthquakes, with these data
being made available within 72 hours of the event and posted on the Geophysical Event page.
●

2017-01-22 M 7.9 - 41km WNW of Panguna, Papua New Guinea (January 22, 2017)

Six months after installation the strainmeter in Oklahoma is recording a strong M2 tide, is in compression
and is relatively free of unexplained steps. It recorded the teleseism generated by the M7.9 Papua New
Guinea event. The instrument is therefore passing all data quality metrics defined for PBO strainmeters.
The first Level 2 5-minute processed data set for this strainmeter was made available to the community on
25 January 2017.
Raw data are now flowing from 5 of 6 strainmeters installed in Turkey ( BOZ1, BUY1, ESN1, HALK and
TEPE). These data are now available to the community in bottle, SEED and ASCII formats and can be
accessed through UNAVCO’s main strainmeter data web-page and from the IRIS DMC. As of February 24
full Level-2 processed data are being made available to the community in XML and ASCII formats. The
processed data sets contain initial tidal, barometric and borehole time-series corrections. These models
will be updated in Y4Q3.
The 2017 Cascadia Episodic Tremor and slip event began in mid February and progressed through the first
week of April (Figures 3-5A and B). The event was recorded by several PBO strainmeters. The signal
recorded by B012 on the west coast of Vancouver Island is shown as an example. B012 started to record a
strain transient when tremor was ~100 km to the southwest of it. The strain pulse reached a minimum as
the tremor passed to the northwest and then resumed a steady state strain rate as the tremor continued to
migrate to the northwest and away from it. The data for this event are available as Level 2 products.
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Figure 3-5A. 2017 Episodic Slip and Tremor Event. Strainmeters shown as triangles. Tremor shown as
colored dots, color represents time as shown in the lower scale bar. Gray dots on the scale bar show
number of tremor events reported by the Pacific Northwest Seismic Network (PNSN) .
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Figure 3-5B. Top plot, strain transient recorded by B012. Gray line shows the tides, the colored trace shows
the residual after the tide has been removed. Color corresponds to the timescale in the map view above.
Lower plot, horizontal distance of tremor from B012.
UCSD, under a subaward managed by UNAVCO, processes data and provides products from the long
baseline laser strainmeter (LSM) network described in section 2.2.1.3. Routine data acquisition, editing,
and archiving operations were good this period. Data quality passed the requirement metric this quarter
for the first time since Y3Q3, with the mean percentage of data edited out of time series ("bad" data) for
the network at 4.5% (<5.0% passes the data quality metric). A number of interesting M 3.5 earthquakes
occurred in March, 2017 to the west and south of the Salton City strainmeters, at a distance of
approximately 10-15 km. These occurred on the (blind) extension of the San Jacinto fault system to the
southeast, on the Clark strand. Plots of the recordings for the period through these events were produced
and shared with interested parties. There was no evidence of anomalous strain variations associated with
these earthquakes.
3.3.3 Meteorological and Hydrologic Data Products
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 met product operations were stable. Hydrologic loading models based on the
Global Land Data Assimilation Models (GLDAS) are available by ftp; documentation is available from the
UNAVCO Data Products web page as of Y4Q2. The current GLDAS data products are in the process of
being updated to GLDAS v2 and NLDAS (the North America Land Data Assimilation Models).
3.3.4 Lidar – Terrestrial and Airborne Laser Scanning
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UNAVCO provides TLS data services and products including basic data processing, data management and
data archiving. The standard UNAVCO TLS deliverable is a merged, aligned, georeferenced point cloud,
which is accompanied by pertinent metadata products such as site photos, meteorological information,
field notes and other ancillary project information. TLS data support is further described in section 3.4.4,
lidar data management and archiving. EarthScope ALS data products are supported by OpenTopography;
metrics are reported to UNAVCO. No new ALS data product activities have been performed to date under
the GAGE Cooperative Agreement.

3.4 DATA MANAGEMENT AND ARCHIVING
3.4.1 GPS/GNSS
The Data Center provides a secure long-term archive for data, data products, and metadata from GNSS
instrumentation, and makes data available to the scientific community and the public. User interfaces,
APIs (application program interface), and software tools that facilitate data search and access, data
handling, and visualization are provided to support full utilization of the data assets. Data publication with
digital object identifiers (DOIs) is routine for most data sets.
Data archiving and distribution is an operational activity that continues to grow, with a total of 29
continuous GPS/GNSS stations added during the reporting period for archiving from the Antarctica
Infrastructure, Antarctica PI Continuous, Azerbaijan, COCONet, Ecuador IGEPN, Ethiopia Tectonics, IGS,
Mississippi Delta, PBO, and TLALOCNet networks.
During this quarter, as further discussed in section 3.6.1, a rash of network, storage, and Virtual Machine
outages temporarily impacted the full functioning of archiving processes. No data loss resulted from these
issues.
Software development activities related to the deployment of the Septentrio PolaRx5 receiver continue
with the code development for translators for BINEX to RINEX 3 and BINEX to RTCM3 in progress.
Two new issues arose with processes deployed to production last quarter for translating Septentrio SBF
format files to RINEX 3. First, the Septentrio-supplied executable SBF2RIN, used for generating the
RINEX 3 format, had a problem with DOY 366 data, which occurred on the last day of 2016. Due to a
process logic issue with our implementation of RINEX 3 production, it caused a failure for RINEX 2 and
RINEX 3 generation from Septentrio receivers deployed in PBO. A new release of SBF2RIN was received in
short order and the process error was fixed, with RINEX2 and RINEX 3 files backfilled after 2 days.
Secondly, the mechanism for handling metadata corrections within RINEX 3 headers was initially
incomplete. Code modification will incorporate provision of correct metadata in RINEX 3 headers when
receiver metadata does not match maintenance records in the database.
This quarter progress continued good progress toward migration of the Archive database from Oracle to
the Postgres database engine. Weekly progress meetings keep the effort on track. Significant progress was
made on updating the SQL constructs within our large collection of archiving Perl scripts to the required
Postgres-compatible queries. Differences in authentication and permissions between Oracle and Postgres
were analyzed to support a strategy for handling users and roles. Staff began designing the replacement
for the Oracle Forms application, used mainly by data technicians when archiving campaign data and
metadata; this complex application will require 2-3 months of software engineer development time to
recreate the functionality from bottom to top. Because of Oracle license costs, we have been limited in
maximizing performance (e.g., load balanced clusters and read-only instances for web services and web
user interfaces). These limitations are removed with Postgres and we are formulating strategies to take
advantage of new options and we plan to implement these strategies as part of the migration. Two staff
members have begun database administrator training on Postgres.
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Development of UNAVCO teqc software for GNSS data preprocessing this quarter included design and
initial implementation of new data structures and accompanying logic for proper output of GNSS
ephemerides in RINEX nav files. The new code improves and simplifies the previous ephemerides
handling, which had incorrectly assumed week reporting when crossing week rollover by the various
constellations was the same as GPS. This turned out to not be the case for Galileo. The new ephemerides
reading and translation functionality is currently in test internally.
The metrics in Table 3-1 document the data volumes archived and delivered. Metrics notes for Y4Q2:
●

The archived volume for Y4Q2 high-rate GPS data again set a record at 2.89 TB, exceeding (by
0.187 Tb) the previous record quarterly total (Y4Q1). For the current quarter, new 1 Hz continuous
data from Septentrio receivers delivered via stream and a few downloaded sites helped contribute
to the increase because these receivers deliver significantly larger volume files due to full GNSS
recording and the encoding of the SBF file. Though there was one volcanic event data set
downloaded, event-related high rate data was not a factor in the increased volume.

●

The delivered volume of high-rate data, at 1.57 TB, was lower this quarter than last. Most of the
volume delivered went to the usual data centers (USGS, JPL, CU, and others).

●

The volume of data products archived was 0.71 TB, similar to the last four quarters. This volume
represents the baseline level of products archiving, with no added reprocessing included. Delivery
of products, at 0.41 TB, marks a return to more “normal” delivery rates after the high volume
delivered in Y4Q1. The volume of products delivered and composition of customer IPs noted each
month remains variable.

●

The volume of standard rate GPS data archived for Y4Q2, at 1.30 TB, was a slight drop from the
previous two quarters. This drop may reflect the lower uptime statistics for the PBO network
related to budget-constrained, deferred O&M by the GI Program.

●

The delivered volume of standard rate data was quite high at 11.468 TB. However, this total
included 4.535 TB delivered to a single second level domain, Central Washington University, all
delivered during January after a CWU drive failure). A more typical monthly pickup by CWU is
about 35-40 GB. When the CWU pickup is accounted for, the standard rate delivery for the quarter
was slightly high at an average of 2.31 TB per month compared to an average of 2.15 TB per month
for GAGE up through Y4Q1.

●

The number of active GPS stations with data delivered via stream rebounded with the
implementation of BINEX streaming capability for Septentrio receivers.

●

The elevation in the number of teqc software downloads noted in Y4Q1 continued this quarter.

●

The number of GPS users is artificially low for each month of this quarter due to multiple problems
with the primary ftp server requiring failover to the secondary server for a period of time during
each month. It is very difficult to accurately combine user counts between the primary and
secondary systems, so the reported values represent the higher count from either the primary or
the secondary ftp server each month. The new GPS user metrics reporting system currently in
development will help address this issue in the future.

3.4.2 Real-time GPS Data Flow and Management
UNAVCO provided high rate (1 Hz), low latency (<1 s) GPS data streams (RT-GPS) from approximately
709 stations including 640 PBO (Core and Cascadia), 15 TLALOCNet, 52 COCONet, and two in Tanzania.
Forty-three new users requested access to the data streams in Y4Q2 bringing the total number of
registered RT-GPS users to 679 (Figure 3-6), an increase of 7% which is approximately the same rate of
increase as for the previous tw0 quarters. The largest growth in user numbers was in the Commercial
group (32), compared to 7 and 4 in the Academic and Government categories respectively. Again, the
number of new registrants and group order remains unknown, as for the previous two quarters, due to a
problem with PIVOT that Trimble has not addressed. Figure 3-7 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%). These percentages are similar to Y4Q1.
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Figure 3-6. Number of registered RT-GPS users through GAGE.

Figure 3-7. Number of registered RT-GPS data users by type in Y4Q2.
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3.4.3 Strain, Seismic, Tilt, Pore Pressure Data
Metrics for data archiving and delivery volumes this period, as well as unique users, are summarized in
Table 3-1. The slight increase in the volume of BSM data and product deliveries continued this quarter,
with overall volumes comparable to last quarter. There was a slight decrease in the volume seismic data
delivered this quarter, and a slight increase in the volume of tilt data delivered.
3.4.4 Lidar – Terrestrial and Airborne Laser Scanning Data
Data from TLS PI projects continue to be archived as projects are completed, with approximately 322 GB
of TLS data added this quarter. Approximately 100 GB of data were downloaded from the TLS archive by
10 unique users in Y4Q2.
The new archive software development effort continued in Y4Q2 with additional progress on a web-based
tutorial for users new to the data archive, including a how-to use the archive video that will be published in
Y4Q3. Feedback from a user survey sent out to a dozen TLS PIs in December 2016 and January 2017
revealed generally positive comments on user experience and suggested improvements that were
implemented in February 2017. A broader survey of TLS PIs is planned in the coming quarter. In an effort
to align the TLS data archive with UNAVCO best practices, we maintain an offsite backup of the TLS
archive using Amazon’s Glacier cloud storage service.
Another area of focus for TLS data support is improved access to software required by community
members to process and analyze TLS data, 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. During this period, one software maintenance package was updated.
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by
OpenTopography this quarter indicate 133 unique users accessed point cloud and raster terrain products,
running 137 jobs to gain that access.
3.4.5 SAR Data
UNAVCO manages two tasks in support of SAR Data: the archive and GEO SuperSites.
3.4.5.1 SAR Archive
UNAVCO has managed the SAR Archive since 2005. Under the GAGE award, UNAVCO orders European
Space Agency (ESA) and DLR scenes in response to WInSAR user requests. In addition, the WInSAR
Executive Committee and UNAVCO arranged for a tasking quota with DLR for use by WInSAR. WInSAR
users request tasking orders for the TerraSAR-X (TSX) mission on a regular basis. 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 a specific science proposal approved by DLR or
JAXA, respectively.
UNAVCO continues to maintain the core SAR archive infrastructure, including hardware, database,
software, and web presence. Data ingest capabilities have been developed to allow UNAVCO to host data
from newer satellite platforms such as COSMO-SkyMed, ALOS-2, RADARSAT-2, and Sentinel, which
WInSAR community users are beginning to utilize. Search and discovery for these hosted data is possible
through the UNAVCO SAR Archive GUI and API interfaces. Access to data from COSMO-SkyMed,
RADARSAT-2, ALOS-1/ALOS-2, and TSX are restricted to collaborators on proposals, and the WInSAR
Portal interface permits role-based access to groups of users.
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ESA is the primary archive for ERS1, ERS2, and Envisat, while the Alaska Satellite Facility (ASF) is
primary archive for RADARSAT-1. For all data not archived in ESA’s Archive4 system or at ASF, UNAVCO
is now providing data backup to Backblaze B2, a commercial cloud storage system. This ensures a complete
offsite backup of the full UNAVCO SAR archive while minimizing redundancy, beyond the initial
duplication.
During Y4Q2, work continued on the migration of SAR data operations to the Texas Advanced Computing
Center (TACC), part of XSEDE. A startup allocation was approved for using the wrangler storage system as
well as the Jetstream science cloud. The production SAR database is currently running on Jetstream VM
and the migration of the data deliver, and other data operations to the TACC are continuing.
SAR data metrics are shown in Table 3-1. The volume of SAR data archived in Y4Q2 was larger than last
quarter (~13 TB). The larger volume of data archived is a result of ALOS-2 orders from managed PI
proposals. The volume of SAR data delivered in Y4Q2 (3.5TB) was around the same as last quarter
(3.3TB).
3.4.5.2 GEO SuperSites
For the GEO Supersites and Natural Laboratories initiative, UNAVCO provides data ordering from the
European Space Agency, together with data management, including download and repackaging, of the
orders received, and upload of the orders to the ESA supported cloud storage (Level 4 archive). In addition
to this operational data management activity, UNAVCO provides some website content management and
hosting for the Supersites but it is the intention to migrate all content to the new GEO website over the
coming quarters.
As noted above, UNAVCO now supports TSX, COSMO-SkyMed, RADARSAT-2, and ALOS-2 data collected
under the Supersites initiative. COSMO-SkyMed data for the Hawaii and Ecuador permanent Supersites is
archived and distributed as part of the SAR archive and the volume is included as part of Table 3-1. For
these datasets, the list of PIs with access to the data include international collaborators as well as WInSAR
community members. To address this expanded community of users and associated access constraints,
we’ve made several modifications to the WInSAR Portal system to allow registration by international
partners.
Through recently completed NASA ROSES ACCESS funded work to develop a Seamless SAR Archive
(SSARA), UNAVCO staff members have engaged in joint planning with the European SAR community
(DLR, ESA, CEOS, etc.) for federated access to data, data processing environments, and metadata and
product formats. The goal is to leverage the SSARA work to build federated access to data hosted by the
space agencies that participate in Supersites. Federated query of Supersites SAR data (ESA’s Virtual
Archive 4 and DLR’s TerraSARX Archive) along with data archived at the Alaska Satellite Facility and
UNAVCO is now available due to SSARA efforts.
The archive now supports user controlled DOI assignment for products uploaded to the InSAR archive at
UNAVCO. InSAR products are uploaded via the API, and users are now able to request a DOI from
UNAVCO, making the products persistent and citable.

3.5 CYBERINFRASTRUCTURE
Several projects are in progress to expand the cyberinfrastructure capabilities of UNAVCO GDS. We are
collaborating on a NCAR-led EarthCube Building Blocks award “Enabling Scientific Collaboration and
Discovery through Semantic Connections” (EarthCollab) based on the Cornell developed “VIVO” semantic
web ontology and web presentation software. This quarter, efforts began in earnest on the new EarthCube
Building Blocks project “Deploying MultiFacility Cyberinfrastructure in Commercial and Private
Cloud-based Systems (GeoSciCloud)” in collaboration with IRIS and GPS analysis center subaward
partners Central Washington University and New Mexico Tech.
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For the GeoSciCloud project, strategies for documenting and measuring systems and software effort were
developed. IT staff are currently provisioning multiple Amazon VMs with appropriate security and
resources according to the work plan. The budget requires close monitoring of costs for each activity and
required workflow notifications. Recent experience with Postgres database instance implementation and
population on AWS serves as a test both for GeoSciCloud and for the Archive database Postgres migration.
One conclusion is that the configuration that best mimics on-premises database resources is too costly for
the GeoSciCloud budget.
GSAC build process improvements will take better advantage of the latest Java version, and will simplify
the steps for institutions installing GSAC. UNAVCO assisted a research group in Greece with GSAC was
installation and implementation.
An issue was discovered in the Dataworks mirroring functionality as it is currently implemented at
COCONet and TLALOCNet Regional Data Centers. Evaluation is underway, but root casuse (likely mirror
scripts or the UNAVCO GSAC data source) is as yet unclear. .
As part of the EarthCollab project, development of the GPS/GNSS DOI API was completed to deployment
on the development application server. The project is using these services, though they will be migrated to
a production application server in the near future.
We have been working on two aspects of the IGS Site Log XML metadata exchange mechanism. The Site
Log XML is encompassed by GeodesyML schema, an application schema of the OGC standard. At the
suggestion of partners at Geoscience Australia, we are focusing on using the Geoserver application for the
OGC compliant services to underpin the metadata exchange with XML. A Geoserver pilot instance is
running and initially serving geographic information about our GPS/GNSS stations. The plan is to add to
this the output of site log metadata using the GeodesyML schema. (The pilot Geoserver instance is also
being used for serving geographic information for the University of Nevada Reno products cataloged by the
Plug and Play GSAC instance and for SAR collections archived and/or cataloged by UNAVCO). Secondly,
with respect to the GeodesyML and Site Log XML schemas, we have been identifying how UNAVCO
vocabulary for its site information and time series web services dovetails with GeodesyML, and how best to
standardize UNAVCO vocabulary. This is a work in progress.
During Y4Q2, testing of the tilt meter and pore pressure data services uncovered several issues within
these web services. New, corrected services are now available on the production site. An educational video
on how to the use the GPS position web service has been added to the UNAVCO web site.
A tool used by the fields engineers to monitor operational station status is currently running on the old
pbo.unavco.org web site. In collaboration with field engineering staff, web developers are building a new
tool that supports current features and adds functionality on the unavco.org website. Previously the station
pages for borehole stations on the UNAVCO web site referenced GPS data and headings on the data
products page, data that were not applicable for these instruments. A new page layout developed
exclusively for borehole sites is currently being tested. Software upgrades to support a new map interface
for station pages started this quarter. The new interface will allow users to interactively query for
information on all types of instruments managed by UNAVCO.
During Y4Q2, UNAVCO participated with other members of NASA’s Earth Science Data System Working
Group in the development of an engineering report to the Open Geospatial Consortium. The report
explores the use of TimeSeriesML in three different domains and the describes the challenges faced,
together with proposed changes to help improve the overall usefulness of this markup language in these
domains. UNAVCO contributed enhancements that could support less verbose XML output for a GPS
position web service. UNAVCO also proposed changes to support station event and metadata information
within a single series response, potentially eliminating the need for multiple web service calls for different
types of information relevant to time series data.
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3.6 Internal Computing Initiatives and Support
3.6.1 IT Highlights
The upgrade to VMWare 6.0 for the virtual computing environment was completed this quarter. Remote
maintenance hardware modules were added to all of the real time systems so they can be accessed
remotely should a centralized system issue present. SD cards were also installed to eliminate the need for
on system hard drives and to support platform resilience should a single system fail.
In January, UNAVCO’s primary ISP had an equipment malfunction that flooded the network with small
packets, overloading network equipment and impacting most of the systems supporting the UNAVCO
production environment. After testing, it was determined that the issue was coming from our primary ISP.
Connectivity to this provider was disabled and internet traffic into UNAVCO during this time traveled over
backup facilities until the primary ISP was able to resolve their issue the following day. A lessons-learned
session convened after outage has resulted in a more formal process for system outages to improve
communications with community and UNAVCO personnel.
Several Infortrend SAN failures occurred this quarter at both the Boulder and the FRII backup site in Fort
Collins. After investigations at Fort Collins to research and address issues with controllers, one controller
failed and was replaced. Additional hardware was installed at backup site to provide connectivity to
console ports on the controllers. One of the Boulder Infortrend controllers also failed at about the same
time. This failure caused processing to back up and shut down several production systems for a period of
3½ evening hours. On the following day, the system supporting the UNAVCO web site failed. A
replacement system was installed and the web site was up and running in less than 3 hours.
Work continues to consolidate system authentication services onto a single platform to eliminate need for
separate credentials for each system. IT and software development resources are working together to move
to a single directory that can be used to store and authorize both external and internal users for all systems.
The cutover to a new phone system took place in January. Training sessions were held at the same time for
employees and a video made to train future employees.
A Windows-based file server used at UNAVCO running on older hardware needs to be moved to a newer
virtual platform to improve overall performance and to reduce risk of hardware failures. Because of age of
the operating system, multiple conversion scenarios needed to be tested to identify a successful
implemetnation. The move is planned for next quarter.
3.6.2 Internal Software Developments
A common task performed by IT staff is the creation and configuration of VPN connections for stations in
the field. In the past, requests for these connections have often come in on the day when the field engineer
was travelling to or arriving at the station. Configuration mistakes are sometimes made entering the data
to support this work, are are not discovered until an engineer revisits the site, creating inefficiencies in
discovering and resolving any errors. A new, automated script now supports fast and efficient validation,
effective during Y4Q2. This script performs the required configuration changes within seconds, thereby
reducing IT staff time to input requests and eliminating added expense/time to correct any errors in
previously duplicated input.
Development work on the automated collection of GPS metrics continued this quarter. The automatic
collection of nearly all metrics, including cGPS, is now being performed to support quarterly reporting.
Campaign metrics are the only exception. GAGE metrics are always available on the UNAVCO internal the
web page. Validation testing by verification of manual and automated performance metrics is underway.
Software engineering staff began testing the 9.6 release of Postgres software. This new release offers
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increased performance and new features. It further provides improved performance when using data from
multiple tables across different Postgres databases, something development hopes to take advantage of
later this year when the archive team completes their migration from Oracle to this same release on
Postgres.
Continued enhancement of the MetaData Manager (MDM) focused on tracking of SIM cards. The tracking
of ESNs (Electronic Serial Numbers) were added this quarter to support tracking of accounts for G3 (Third
Generation) data network providers. A variety of different equipment and IP billing accounts have made
this development difficult to develop and test. A significant amount of missing information and
inconsistencies were discovered within the cellular billing data currently managed by the MDM. Scrubbing
and correcting inconsistencies within the existing database will support new data validation enhancements
to be implemented in next software release. Improvements include stringent and automated validation and
procedural rules to ensure cellular data and billing currency.

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
Y4Q2 include campaigns and permanent stations archived, data volumes archived and delivered, and are
similar to prior quarters.
The total volume of data archived this quarter, 18.9 TB, was 11.3 TB greater than last quarter, primarily due
to SAR acquisition. The total volume of data archived (all sensors) is now more than 252 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, 18.2 TB, was 3.2 TB greater than last quarter, primarily due to increased GPS standard
rate and TLS data deliveries. The total volume of data delivered (all sensors) is now more than 392 TB
(including 16 TB of ALS data delivered via OpenTopography prior to GAGE) as shown in Figure 3-2. As
was the case last quarter, the volume of deliveries this quarter was artificially low (probably by several TBs)
due to issues with tracking RT-GPS metrics with Trimble’s PIVOT. The average for Y4Q2 unique monthly
users across all datasets was 2,424. This was the lowest count since Y2Q2, but was artificially low this
quarter due to issues with tracking RT-GPS metrics as well as issues from having to switch between
primary and ftp systems for delivery of standard GPS data throughout the quarter, both of which resulted
in uncounted users. As part of an ongoing effort to provide the most accurate metrics possible, slight
changes to some previously reported values were made this quarter based on new information and
refinements to our metrics tracking and reporting process.
These metrics are one representation of core operations. Behind these numbers are a wide range of
activities and projects, funded through the GAGE core and several complementary awards that fund the
breadth of scope developed, operated and maintained by the GDS program. Ongoing development
continues to focus on enhancing services and building capacity to manage data from new systems. This
effort is laying the groundwork to transition from GPS-only to full GNSS, while expanding real-time data
acquisition and processing to include hundreds of new sites. For TLS, the archive architecture has been
completely rebuilt, and legacy data have been ingested. The management and processing of data from new
satellites from ESA, JAXA and preparing for NiSAR are the central challenge for advancing SAR.
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
57

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
During Y4Q2 with the exception of one short course, most work focused on professional development and
training is in the form of logistical planning for short courses and workshops. Dave Mencin and Kathleen
Hodgkinson (GI, GDS) taught a BSM Data Analysis Short Course at the GFZ in Potsdam, March 6-10,
2017. The course was sponsored by the ICDP and UNAVCO. For the remainder of Y4, we anticipate
supporting at least four more technical short courses and two education-focused workshops during GAGE
Y4. A current listing of professional development opportunities with open registration are available on our
short courses webpage. ECE staff continue to partner with the Earth Science Information Partners (ESIP)
on education efforts and presented two short webinars. Exploring Ground Motions with the UNAVCO
Velocity Viewer highlighted how to view plate motion through our Velocity Viewer and Using Recreational
UAVs (Drones) for STEM Activities and Science Fair Projects provided an overview of how drones can be
used in geodetic imaging.

4.3 EDUCATION RESOURCES
UNAVCO facilitates the development and dissemination of geodesy-focused educational materials. The
GETSI project (GEodetic Tools for Societal Issues), under separate funding, develops teaching materials
for engaging undergraduate students in addressing societally important Earth science questions through
the use of geodetic data and methods. GETSI is funded through an NSF TUES (Transforming
Undergraduate Education in STEM; award #1245025) award for classroom module development and NSF
IUSE (Improving Undergraduate STEM Education; award #1612248) exploratory award for the field
methods modules. The former is a collaboration between UNAVCO, Indiana University (B. Douglas), and
Mt. San Antonio College (B. Walker) and the latter is collaborative with UNAVCO, Indiana University (B.
Douglas) and Idaho State University (B. Crosby). Classroom modules Measuring Water Resources with
GPS, Gravity, and Traditional Methods and Surface Process Hazards are in final revision. The field module
High Precision Positioning with Static and Kinematic GPS is under development. Now that GETSI have a
proven development and dissemination module for geodesy teaching resources, UNAVCO led work on an
NSF IUSE Level 1 ($600,000) proposal to fund an additional six modules and significantly more
dissemination and instructor professional development. The proposal was submitted January 9, 2017.
A wall infographic that visually describes InSAR was completed and installed in March at the UNAVCO
headquarters (Figure 4-1), and is available on the UNAVCO website in the Outreach category of the
Education section. The infographic describes how InSAR works, provides an illustration on how InSAR
detects changes in the landscape, and explains how to interpret the science behind the results. Various
interferograms are showcased to illustrate the many environmental, geophysical, and geological
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applications. The project was started by 2016 UNAVCO Student Internship Program (USIP) intern Sarah
Moore.

Figure 4-1: UNAVCO President, M. Meghan Miller reads the InSAR Infographic on display that shows the
many uses of InSAR technology.

4.4 COMMUNITY COMMUNICATIONS
UNAVCO continues to work to improve science communication for the public. In GAGE Y4Q2, ECE
deepened our involvement with the Portal to the Public Network (PoPNet), a network of organizations
committed to connecting scientists and the public, by participating in the Portal to the Public Supplement
Meeting in Nashville, Tennessee. UNAVCO was invited to attend the meeting to provide feedback on a
manual currently designed to support science centers, with the intent of better supporting facilities such as
UNAVCO with distributed networks of scientists.
UNAVCO manages 12 social media channels. Our greatest growth has been on Instagram, where we gained
a record number of followers in one quarter thanks to the sharing of our post of a photo of a TLS scan atop
Mauna Kea by a popular survey account (@surveylife) (Figure 4-2). We gained 50 followers in 24 hours
and another 129 followers this quarter compared to our average of 67.5 the last four quarters. Our total
likes this quarter have significantly risen from just over 2k to over 3.6k. This can be attributed to more
followers, but also to posting popular field photos from Antarctica. New this quarter, we have begun
featuring a GPS station highlighted on the GPS Spotlight page, an outreach product created by K. Larson of
the University of Colorado. The posts are very popular and have increased the reach of our Facebook
activity.
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Figure 4-2: Instagram continues to be an effective way to reach both our scientific community and a
broader audience. This post garnered new followers for our account with the tag “#surveylife,” after it was
shared by a popular surveying account with the same name.

4.5 GEO-WORKFORCE DEVELOPMENT
UNAVCO is committed to broadening and increasing the geodesy community and geoscience workforce.
Efforts focus providing opportunity in various stages of the geoscience academic and career pipeline
including internships, mentoring, short courses, and online resources.
RESESS: Application and selection of the 2017 RESESS cohort was completed in GAGE Y4Q2. A total of
147 applications were received (six for returning intern positions, 141 for first-year interns). Fifteen
finalists were interviewed by telephone and the RESESS selection panel reviewed finalist applications. The
six-member selection panel included five UNAVCO staff and one CU graduate student who served as the
2016 RESESS Graduate Assistant. Four interns were selected to return to RESESS, and four first-year
interns were selected. The 2018 RESESS program is funded by NSF through a supplement to the GAGE
award and through the generosity of the Exxon Mobil Foundation.
Geo-Launchpad (NSF ICER award #1540524): Eight community college students will participate in the
Geo-Launchpad work internship program this summer in Boulder, Colorado. The interns will work in pairs
on projects developed with UNAVCO staff and with USGS in Lakewood, CO. Interns present their work at
the end of summer poster session in conjunction with the RESESS interns and our partner internship
programs in the Foothills region (NEON, CU, NCAR). Geo-Launchpad students come from five different
community colleges: Front Range Community College (FRCC) Larimer campus (2 students), FRCC
Westminster campus (3 students), FRCC Boulder campus (1 student), Community College of Aurora (1
student), and the Community College of Denver (1 student).
USIP: The UNAVCO Student Internship Program (USIP) is a summer internship where interns gain
real-world work experience in a professional setting, collaborate with teams toward a common goal, and
contribute their knowledge, skills, and abilities to the UNAVCO community. Interns spend eight weeks at
UNAVCO headquarters, where they will work under the guidance of a staff supervisor, culminating in a
short presentation to UNAVCO staff. Eight interns were selected for the 2017 cohort. The 2017 interns will
be supervised by UNAVCO staff: Boler/Ertz (1), Charlevoix (2), Normandeau (2), Bartel (2), and Austin (1).
Workshop: Unity of Purpose for Equitable Representation in Geosciences Workshop at NSF. ECE staff
co-led an NSF-funded workshop focused on identifying barriers to full participation in the geosciences and
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strategies to overcome those barriers. Other organizing institutions included Geological Society of
America, Geoscience Alliance, and National Association of Black Geoscientists (NABG). Twenty leaders
and representatives of professional organizations and societies, as well as faculty members from
minority-serving institutions convened at NSF headquarters January 10-11. In addition, NSF program
officers participated as available. Conversations were structured as Native American talking circles, where
each participant is given the opportunity to share their thoughts before any other participant responds to
the previous comments. One outcome of the workshop was a plan to submit a pre-proposal to the NSF
INCLUDES solicitation. The pre-proposal resulted in an invitation for full submission in May 2017.

4.6 ECE PROGRAM SUMMARY
Within the ECE program, the second quarter of each year is primarily focused on planning for summer
activities, including short courses and internships. ECE staff worked closely with many staff members from
the GI and GDS programs who will mentor interns. Groundwork with Business Affairs (procurement,
human resources, accounting, building management) began the process of onboarding the expected 24
summer interns. Preparations supported by the GDS IT group opened registration pages for an expected
six short courses during the spring and fall. Coordination with multiple professional organizations (GSA,
AGU, AGI, IADG) are underway to increase the presence and visibility of UNAVCO and geophysics at
meetings such as SACNAS, AISES, and NABG next fall. Staffing within the ECE program continues to be
steady with no turn over and all staff members contributing to increasing the reach of UNAVCO.

5. Summary
GAGE Y4Q2 was another successful quarter across all programs. The Geodetic Infrastructure program
made good progress in laying the groundwork for network modernization, with new Septentrio firmware
deployments to support BINEX streaming and advancement of the UNAVCO RT-GNSS system. COCONet
and TLALOCNet construction is now complete, and completion of GeoGONAF requires one last power
connection. A revised plan for COCONet Operations & Maintenance is under development, to bridge the
network to NGEO. Staff vacancies remain unfilled, until staffing needs under NGEO are better known.
For Geodetic Data Services, GAGE Y4Q2 was another highly productive quarter. The challenges were
numerous, including simultaneous third party internet outages from redundant and tested providers.
Major improvements and efficiencies were implemented across a number of different data management
systems, to support a wide range of activities and projects, funded through the GAGE core and
complementary awards that support development of new and more efficient capabilities. Progress included
enhancing GPS-only systems to fully implement GNSS, expansion of real-time data systems to include
hundres of new sites, a full rebuild of TLS archive architecture and services, and scaling the management
and processing of a burgeoning volume of SAR data from an international suite of satellites. Collectively,
these activities advanced the cyberinfrastructure strategy - to consistently develop web services across all
data systems, and facilitate broad access and utilization for science.
The Education and Community Engagement program readied itself for summer activities: scheduling six
short courses and recruiting instructors, selecting interns and identifying mentors for all three of its
summer internship programs, and working with Business Affairs to ensure support for the 24 expected
students. ECE also undertook longer term efforts to further collaborations and visibility with professional
organizations, and modernization of geoscience curriculum to feature timely and relevant innovations in
geodesy.
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