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Geodesy Advancing Geosciences and EarthScope:
GAGE Quarterly Project Report
Y2Q1: 01 October 2014 – 31 December 2014
0. Introduction
In this report, we present the program activities and impact of the first quarter of the second fiscal year
(Y2Q1) for Geodesy Advancing Geosciences and EarthScope: the GAGE Facility, under the NSF Award
EAR-1261833 to UNAVCO, Inc. The report includes four sections: (1) UNAVCO Community, Governance
and Management, (2) Geodetic Infrastructure Program, (3) Geodetic Data Services Program, (4)
Education and Community Engagement Program, and three Attachments: UNAVCO Proposal Log,
Budget and Variance Reporting, and Project Concerns. Each section is accompanied by performance
metrics that chart the contributions and progress of the GAGE Facility. Throughout this report, we
differentiate the work of the UNAVCO GAGE Facility and its activities from those of the UNAVCO
university consortium, which is a community of scientists with associated university membership,
governance, and oversight of the nonprofit corporation UNAVCO, Inc. and its management.

1. Community, Governance & Management
1.1 THE UNAVCO CONSORTIUM AND COMMUNITY
UNAVCO, a nonprofit, university-governed consortium, facilitates geoscience research and education
using geodesy. The consortium includes 106 US academic Members, nearly all of which are degreegranting institutions that participate in UNAVCO governance and science community. Another 94
Associate Members include organizations that share UNAVCO’s purpose at home and abroad, giving
UNAVCO global reach in advancing geodesy. During the current quarter, there were no new Members or
Associate Members. Los Alamos National Laboratory, was transferred from Member to Associate
Member, however to reflect an historic change in its management from the University of California to the
private sector.
Several thousand individuals from around the world formally interact with UNAVCO on an ongoing basis
through scientific collaborations, governance, science planning and engineering services, information
services, and its Education and Community Engagement program. The two largest list services include
640 subscribers to unav_all@unavco.org, and 654 subscribers to teqc@unavco.org - more than 1200
individuals when the ~5% overlap is taken into account; these are only the two largest of many, active
UNAVCO topical list services. Community reach is also furthered by the UNAVCO web site.
During GAGE Y2Q1, UNAVCO featured a new Geodetic Science Snapshot of community science:
● Rifting in Eastern Africa: Geodetic Data Deciphers Spreading Forces

Highlight:
Free and easy access to online geodetic data: using Digital Object Identifiers (DOIs) for
UNAVCO data and metadata
Free and open access to scientific data is pivotal to the success of geoscience research worldwide. Digital
object identifiers (DOIs) allow data sets to be uniformly cited, making it easier for researchers to find the
original source of data in publications and for UNAVCO and the researchers we support to be properly
acknowledged.
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A digital object identifier (DOI) is a globally unique web-searchable index permanently assigned to
content for use over the Internet, and follows a set of standards governed by the International DOI
Foundation (IDF). A DOI provides a stable link to digital data and metadata (e.g. the time series for a
GPS station and information about the station), as well as a citation summary page, which includes
guidelines on proper citation and other relevant content. DOIs are currently used by most journals for
individual articles, and are becoming standard for scientific data in order to ensure proper credit is given
to data set creators. UNAVCO is using DOIs for members’ data sets and metadata to facilitate proper
attribution for the data set creators, to enhance data availability over the Internet, and for investigators’
improved access to data and metadata. Prior to the publication of a data set with an associated DOI, we
are contacting the researchers who generated the data set to verify the metadata and allow them to
supply additional information such as release notes and associated publications. With thousands of data
sets in UNAVCO’s archive under the authorship of hundreds of researchers, verification of the details is
crucial to quality control. Following this process is the publication or “minting” of DOIs, which will make
more of UNAVCO’s data accessible via the DOI search mechanism under the Data tab at unavco.org.

Figure 1-1. (Top) UNAVCO’s DOI search page results for Dr. Chuck Meertens shows the New Zealand
1991 GPS campaign survey at the top of the list and provides a link to the DOI assigned to the data set.
(Bottom) Results for Meertens’ New Zealand 1991 campaign using the DOI link on the search page. The
GPS Data Set Citation Summary provides a link to access the data, facilitating its use in further research.
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Figure 1-2. More than 400 investigators have contributed data to the UNAVCO archive, making the
publication of DOIs an organizational and communications challenge dependent on attention to detail.
Affirming data set and metadata accuracy requires a careful and focused discussion between UNAVCO
and contributing researchers.

1.2 UNAVCO GOVERNANCE AND MANAGEMENT
Because the fall board meeting typically held in October occurred in September, the main governance
activities were an ECE Advisory Committee meeting by teleconference, a face-to-face meeting of the PBO
Working Group, work on the report from the PBO Futures and UNAVCO Science workshop, the Annual
Meeting of the corporation and Board Election as stipulated in the bylaws, the Annual Meeting and
election of the WInSAR Consortium. In addition, management activities included face-to-face meetings
of the PBO analysis centers, participation of UNAVCO staff in a variety of IGS roles, and numerous other
meetings of opportunity to advance emerging collaborations and new initiatives.
1.2.1 Y2Q1 Governance Activities
The PBO Working Group met to further the fall planning activities for the future of PBO at the AGU Fall
Meeting. There was considerable discussion on the overlap between this group and the GI Advisory
Committee that was referred to the board for evaluation.
The ECE Advisory Committee met by teleconference on November 3, 2014. Nine of the eleven members
were present. They addressed two new, related items: 1) the November workshop on the role of the
GAGE Facility in support of geodetic field education; and 2) the 2015 Workshop on Future Seismic and
Geodetic Facility Needs in the Geosciences.
At the December Annual Meeting in San Francisco, Carol Frost and Sonia Esperanca of NSF spoke to
activities and plans within the Earth Sciences Directorate. The new board was elected, increasing in size
to nine directors with Eric Fielding and Jeff Freymueller being added to the board; eligible incumbents
were re-elected. The President gave an annual report of the activities and finances of the consortiumoperated facility.
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1.2.2 Y2Q1 Management Activities
Autumn is a busy time for UNAVCO management, as major field efforts taper off and consortium
members re-engage in a number of planning, programmatic, and governance activities, and while staging
and deployment to Antarctica moves forward. The focus for Y2Q1 centered on furthering planning for
the future of PBO as well as geodetic and seismic facilities more broadly. NSF sponsorship for a late
spring workshop was secured; the leadership of UNAVCO, IRIS and EarthScope populated and charged
an organizing committee that is now hard at work under the leadership of Lucy Flesch and Karen
Fischer. A number of NSF Facility Heads have established an informal network to share lessons learned
and best practices for facility management in a changing landscape. We had good success with
recruitment during this quarter - including the filling of several key positions within GDS and Business
Affairs.
1.2.3 UNAVCO Staff Representation at Meetings and Workshops, PI Foreign Travel
UNAVCO Staff represented community interests and presented facility contributions at a number of
meetings and workshops. UNAVCO governance and some informational meetings are also included here.
● Instrumentation for Polar Glaciology and Geophysics Research workshop, October 9-10. Attended
by J. Pettit (GI) and M. Okal (GDS).
● California Land Surveyors Association/California Spatial Reference Network workshop and
quarterly meeting, Ontario, CA, Oct. 2-3. Attended by C. Walls and G. S. Mattioli. Walls and
Mattioli gave a PBO-SW update talk to the CSRN meeting and Mattioli presented an invited talk
about the status and future of PBO to the CSLA workshop.
● SACNAS National Conference, Los Angeles, CA, October 16-18, 2014, Attended by A. Morris
(ECE)
● GSA Annual Meeting, Vancouver, BC Canada, October 19-22, 2014, Attended by ECE staff B.
Bartel, A. Morris, B. Pratt-Sitaula and GDS/GI staff C. Crosby, D. Mencin, L. Van Boskirk, M.
Gottlieb, Ken Austin, G. S. Mattioli, and M. M. Miller.
Outcomes of Miller and Mattioli
international travel:
○ Miller presented UNAVCO’s scope of activities at the breakfast meeting of the
State Geologists, with a focus on shared interests such as landslides
○ Miller met with NSF representatives and IRIS, EarthScope colleagues to
discuss the proposal for the facilities planning
○ Mattioli presented a talk entitled "Using GPS observations to understand the
Earth: examples from PBO, COCONet, and TLALOCNet.”
○ Mattioli met with J. Russell, his UNAVCO-RESESS student from the summer
of 2014 to discuss his plans for application to graduate school and to review
the status of a manuscript that is preparation related to his summer research.
○ Russell presented a poster entitled "Using GPS Signal-To-Noise ratio (SNR)
observations to detect and characterize the volcanic plume associated with
the 2003 Soufrière Hills Volcano dome collapse.”
○ Mattioli wrote a total of 9 letters in support of Russell’s applications.
○ Mattioli also staffed the UNAVCO booth during GSA, fielding questions by
current and prospective users of services and instruments provided by the
Geodetic Infrastructure program.
●

●
●

NOAA Tide Gauge Workshop at the University of Puerto Rico, Mayagüez, Mayagüez, PR,
November 2-6. Attended by T. Dittmann, K. Feaux, D. Mencin, and G. S. Mattioli. D. Mencin & T.
Dittmann presented talks on the status of COCONet tide gauge installations and G.S. Mattioli cotaught a ½ day class GPS survey methods to the workshop participants.
AISES National Conference, Orlando, FL , November 12-15 , 2014, Attended by A. Morris (ECE)
AGU Fall Meeting, San Francisco, CA, December 15-19, 2014, Attended by ECE staff B. Bartel, D.
Charlevoix, A. Morris, S. Olds, B. Pratt-Sitaula; GI staff D. Mencin, K. Feaux, K. Austin, C. Walls,
T. Dittmann, A. Woolace, D. Mann, S. Lawrence, R. Turner, K. Dausz; GDS staff S. Baker, F. Boler,
C. Crosby, K. Hodgkinson, C. Meertens, D.A. Phillips, C. Puskas, and President M. Miller.
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●
●
●
●
●
●
●
●
●
●
●
●
●
●
●
●

●
●

Workshop to Assess Field Education Support by the GAGE Facility, November 17-18, 2014: D.
Charlevoix, C. Crosby, B.Pratt-Sitaula.
AGU-hosted conference on Publishing Data in the Earth and Space Sciences, Washington D.C.,
October 1-2. Attended by GDS staff Fran Boler.
IRIS Data Management Systems Standing Committee meeting, Fort Collins, CO, October 20, 2014.
Attended by GDS staff Fran Boler (ex officio member of the committee)
International GNSS Service Governing Board Meeting, San Francisco, CA, December 14, 2014.
Attended by GDS staff Charles Meertens, Fran Boler, David Maggert.
GAGE GPS Analysis Center and Data Products splinter meeting, December 16, 2014. D. Phillips,
C. Meertens, C. Puskas, K. Feaux,F.Boler, M.M.Miller.
GAGE Strain/Seismic/Pore Data Products splinter meeting, December 17, 2014. D. Phillips and
K. Hodgkinson.
WInSAR Business Meeting, December 17, 2014. D. Phillips, C. Crosby, C. Meertens, M. Miller,
COOPEUS splinter Meeting, December 17, 2014. C. Meertens.
IRIS DMC Data Products Working Group meeting, December 17, 2014. Attended by UNAVCO staff
D.A. Phillips.
GEO Supersites splinter meeting, December 17, 2014. C. Meertens, S. Baker, L. Rowan
NASA READI splinter meeting, December 16, 2014. C. Meertens, D. Mencin, and K. Feaux.
EarthCube VIVO splinter meeting, December 18, 2014. L. Rowan, F. Boler
GAGE GI Ops Meeting, December 18, 2014. Attended K. Feaux, D. Mencin, D.A. Phillips, K.
Hodgkinson, C. Walls, E. Boyce, and others from the GI team.
NCALM Steering Committee meeting, December 18, 2014. Attended by C. Crosby.
Coalition on Data Publication in the Earth Sciences. December 18, 2014. Attended by F. Boler and
L. Rowan
10th Joint Meeting of UJNR (US-Japan Cooperative Program in Natural Resources) Panel on
Earthquake Research, Sendai, Japan, October 14 - 16, 2014, M. M. Miller. The UJNR Panel on
Earthquake Research promotes advanced research toward a more fundamental understanding of
the earthquake process and hazard estimation.
In response to the devastation caused by
earthquakes, both the United States and Japan have established vigorous national research
programs in seismology, geology, and geodesy. The UJNR Panel on Earthquake Research
combines basic and applied research to improve our understanding of the causes and effects of
earthquakes and to facilitate the transmission of research results to those who implement hazard
reduction measures. Both NSF and UNAVCO have formal relationships under the UJNR protocol.
Miller called for US geodesy community input to inform her presentation, and, in addition to
presenting recent UNAVCO community science contributions, carried these messages:
○ GSI has demonstrated international leadership by opening GPS data (15second data for most recent 12 months are available by registration, new
since the 2012 UJNR meeting/UNAVCO request to open data)
○ US investigators need sample high-rate GPS data sets for testing earthquake
early detection algorithms
○ With the new generation of open SAR data (Sentinel, NISAR) US
investigators encourage Japan to open its SAR access
○ US investigators admire Japan’s global leadership in seafloor geodesy
○ US colleagues invite Japanese participation by geodesists and seismologists
in GEOSS activities
Other outcomes included:
○ Determination of the cost of the historical high-rate GPS data sets of interest
to the UNAVCO community, and how to acquire them
○ Miller met a number of US early career scientists from both academia and the
USGS whose interests align with UNAVCO’s mission
○ Miller chaired a session called “National Policies, Strategies Programs,
Networks, and ongoing/upcoming Projects” with Kazuro Hirahara
○ Board on Earth Science Research, National Resource Council, National
Academy of Sciences, November 13-14. Attended by M. M. Miller
NSF Geosciences Division Facility Heads meeting, November 20. Attended by M. M. Miller
Plate Boundary Observatory 2008 - 2013 CA closeout meeting, October 27 - 28, 2014. Attended by
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●

M. M. Miller, G. S. Mattioli, and B. Reinke
Hosted UNAVCO visit by Roger Wakimoto, Geosciences, NSF, October 17, 2014. Attended by M.
M. Miller, G. S. Mattioli, C.M. Meertens, D. Charlevoix, and L. Rowan.

Other PI Foreign Travel
G. Mattioli, Oct. 8-12, Beijing, China
G. Mattioli was invited to Beijing, China to meet with two important and distinct research groups that
are engaged in geophysical research using borehole geodetic instruments. Because the visit was planned
on relatively short notice, neither was considered an “official” visit, per se. Mattioli met with staff from
the Chinese Academy of Geological Sciences, Institute of Geomechanics and gave a 45 m presentation in
english entitled "Current status and future state of the EarthScope Plate Boundary Observatory.” There
were approximately 30 scientists, students, and technicians at the talk, which focused on the use of PBO
GTSM instruments to detect earthquake coseismic deformation from the Mw6.0, August 24, 2014 South
Napa earthquake and transient strain measured by the Parkfield, CA BSM array.
In addition, Mattioli, with the aid of an interpreter, met with Prof. Peng and his research team (students
and technicians) for technical discussions related to their design, manufacture, and deployment of
borehole strainmeters in China. During these meetings, he discussed the possibility of a joint research
project, which would include the deployment of CIW-DTM/UNAVCO designed and manufactured
strainmeters along a major fault system in southern China adjacent to Qiongzhou Strait and the island of
Hainan.
Mattioli also met with Dr. Qui at the Institute of Crustal Dynamics (ICD), which is part of the China
Earthquake Authority (CEA). This research group is distinct from the Institute of Geomechanics, which
is primarily focused on applications of geodetic technologies for mining and civil infrastructure
monitoring. The ICD-CEA, however, is responsible for operating and maintaining a provincial
strainmeter and seismic network, which contributes to the Chinese national network for earthquake
monitoring. Mattioli toured the ICD-CEA facility and also visited the seismological observatory, where
the borehole, surface seismometer, and infrasound instruments are actually installed, which is located
~50 km away from the ICD. UNAVCO has a formal MOU with ICD-CEA, entitled “Evaluation and
application of borehole strainmeter data to geodesy and seismology,” which was executed in December
2012. As a result of these meetings, Dr. Qui has agreed to release some of the ICD BSM network’s data to
D. Mencin, the technical lead for PBO BSM operations, for analysis of Earth’s normal modes as recorded
by both the PBO and the ICD instruments.
G. Mattioli - Nov. 27 - Dec. 21, Christchurch, New Zealand and McMurdo Station, Antarctica
G. Mattioli, as Director of Geodetic Infrastructure of UNAVCO, is responsible for the Polar Services
group. This group is managed by J. Pettit and has five full-time engineers and one full-time technician to
support field and logistical operations in both the Arctic and Antarctic. In order to better understand the
field conditions, daily working environment, and needs of USAP PIs that use UNAVCO services, Mattioli
deployed to McMurdo Station, Antarctica for nearly three weeks. Mattioli participated in two field
campaigns: 1) two cGPS site upgrades on Mt. Erebus; and 2) GPS rapid-static observations at the base of
Garwood glacier and TLS imaging of thermokarst at the mouth of the Garwood river in the Garwood Dry
Valley. In addition, Mattioli trained several PIs on GPS data acquisition techniques and data processing,
assisted UNAVCO staff with trouble-shooting and reconfiguration of ANET GPS sites, developed the
processing protocol and produced final position estimates of the kinematic flight path of a NCALM
overflight of Taylor Dry Valley using GIPSY-OASISII, and serviced and downloaded MCM4, the NASA
GGN station located at McMurdo. In addition, Mattioli met informally with numerous USAP PIs to
better understand their needs and get feedback on the level of UNAVCO service. Mattioli also met with
Crary Lab and ASC staff to discuss possible changes in the space provided to UNAVCO and IRIS to
support geophysical field deployments in Antarctica. Lastly, Mattioli met with three NSF representatives:
M. Kurz (ANT Earth Sciences Program Director), S. Borg (ANT Sciences Section Head and leader of
visiting NSF-CODEL), and C. Amsler (ANT Organisms and Ecosystems Program Director). They
discussed recent UNAVCO-supported projects, current budgets, and possible scenarios for UNAVCO’s
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role in the upcoming follow-on proposal to NSF to support continued ANET operations and
maintenance, possible upgrades to existing sites, and expansion of ANET to additional remote locations.
1.2.4 Publications, Abstracts, and Other Products Created by UNAVCO Staff
Abstracts and Presentations:
● Arana-Morales, Ashlyann, R. Baum, and J. Godt (2014), Detailed Study of Debris Flow Source
Areas in the Northern Colorado Front Range, AGU Fall Annual Conference, San Francisco, CA,
15-19 December [RESESS student intern]
● Asanuma, Amy, G. Tucker, and F. Rengers (2014), Mechanisms of flash-flood generation in a
gullied high-plains grassland: evidence for partial contributing area runoff, AGU Fall Annual
Conference, San Francisco, CA, 15-19 December [RESESS student intern]
● Austin, K., F. Blume, H. Berglund, K. Feaux, W. Gallaher, K. Hodgkinson, G. Mattioli, D.
Mencin, The Plate Boundary Observatory Cascadia Network: Development and Installation of a
Large Scale Real-time GPS Network, AGU Fall Meeting, San Francisco, CA, 15-19 December.
● Baker, S., C. Crosby, C. Meertens, E. Fielding, G. Bryson, B. Buechler, J. Nicoll, C. Baru (2014),
The Seamless SAR Archive (SSARA) Project and Other SAR Activities at UNAVCO, presented at
2014 Fall Meeting, AGU, San Francisco, Calif., 15-19 Dec., Abstract G31A-040.
● Bartel, B., A.R. Morris, and D. Charlevoix (2014), Starting them Early: Incorporating
Communication Training into Undergraduate Research Internships, AGU Fall Meeting, San
Francisco, CA, 15-19 December
● Berglund, H., K. Hodgkinson, F. Blume, D. Mencin, D.Phillips, C. Meertens, G. Mattioli,
UNAVCO Real-Time GNSS Positioning: High-Precision Static and Kinematic Testing of the Next
Generation GNSS network, AGU Fall Annual Conference, San Francisco, CA, 15-19 December.
● Blume, F., H. Berglund, I. Romero, E. D’Anastasio (2014), Effects of the April 1st, 2014
GLONASS Outage on GNSS Receivers, AGU Fall Meeting, San Francisco, CA, 15-19 December.
● Boler, F., Estey, L., Meertens, C., and Maggert, D., Lessons Learned in over two decades of
GPS/GNSS Geodesy Data Center Support, AGU Fall Meeting, San Francisco, CA, 15-19
December
● Gottlieb, Mike, Van Boskirk, Elizabeth, Johnson, Wade, Pyatt, Chad, Hodgkinson, Kathleen, Fox,
Otina, Henderson, Brent, Mencin, David, and Gallaher, Warren, Operating the PBO Borehole
Strain and Seismic Network, GSA Annual Meeting, Vancouver, BC Canada 19-22 October
● Hodgkinson, Kathleen, Mencin, David, Phillips, David A., Fox, Otina, Gallaher, Warren,
Gottlieb, Mike, Henderson. Brent, Johnson, Wade, Pyatt, Chad, Van Boskirk, Elizabeth, Mattioli,
Glen, and Meertens, Charles M., PBO Strainmeter Measurements of Transient Deformation
Along the Pacific and North- American Plate Boundary, GSA Annual Meeting, Vancouver, BC
Canada 19-22 October
● Hodgkinson, K., D. Mencin, D. Phillips, M. Gottlieb, W. Gallaher, D. Henderson, W. Johnson, C.
Pyatt, E. Van Boskirk, O. Fox, G. Mattioli and C.Meertens, PBO Strainmeters: Extending the
Spectrum of Fault Deformation Observations, AGU Fall Meeting, San Francisco, CA, 15-19
December
● Meertens, C., F. Boler, and M. Miller (2014), International Collaborations Fostering Data
Discovery and Access of Geodetic Data for the Geosciences, AGU Fall Meeting, San Francisco,
CA, 15-19 December
● Mencin, D., Bilham, R., Mattioli, G., Ozener, H., Aktug,B.,Dogru, A.,Ergintav,S.,Cakir and Aytun
A., Continuous creep measurements on the North Anatolian fault, AGU Fall Meeting, San
Francisco, CA, 15-19 December
● Mencin,D., K. Hodgkinson, G. Mattioli and C. Meertens,PBO Borehole Strainmeter Recordings
of The M6.0 August 24, 2014 South Napa Earthquake, AGU Fall Meeting, San Francisco, CA, 1519 December
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Morris, A.R. (2014), Diversity, Geosciences, and Societal Impact: Perspectives From a
Geoscientist, Workforce Development Specialist, and Former Congressional Science Fellow,
AGU Fall Meeting, San Francisco, CA, 15-19 December
Morris, A.R., and D. Charlevoix (2014), Geoscience Workforce Development at UNAVCO:
Building a Continuous Support Structure for Student Success, AGU Fall Meeting, San Francisco,
CA, 15-19 December
Olds, S.E., C.M. Puskas, and D.A. Phillips, (2014), GPS Data Applications in Tectonics,
Hydrology, and Atmospheric Sciences, GSA Annual Meeting, Vancouver, BC Canada, 19-22
October
Olds, S., C.M. Puskas and D.A. Phillips (2014), Connecting the Public to Natural Hazards
Through a Hands-on Museum Exhibit, AGU Fall Meeting, San Francisco, CA, 15-19 December
Ornelas, Garth, M. Willis, M. Pritchard, and A. Melkonian (2014), Monitoring Glacier change at
the Academy of Sciences Icecap, Severnaya Zemlya, Russian High Arctic, AGU Fall Annual
Conference, San Francisco, CA, 15-19 December [RESESS student intern]
Pratt-Sitaula, B., R. Butler, R. Lillie, N. Hunter, B. Magura, R. Groom, C. Hedeen, J. Johnson, S.
Olds, D. Charlevoix, M. Coe (2014), Educator professional development as a component of
earthquake and tsunami readiness and early warning systems, AGU Fall Meeting, San Francisco,
CA, 15-19 December
Prue, Ann Marie (2014), Quantifying the Rate of Surface Soil Drying Following Precipitation
Events Using PBO H2o Soil Moisture Time Series, AGU Fall Annual Conference, San Francisco,
CA, 15-19 December [RESESS student intern]
Puskas, C., T. Herring, T. Melbourne, M. Murray, D.A. Phillips, C. Meertens, G. Blewitt, C. Walls
(2014), Comparing Geodetic Data Quality from PBO and non-PBO GPS Stations at Decadal and
Continental Scales, AGU Fall Meeting, San Francisco, CA, 15-19 December
Romero, Jacqueline, R. Feist, H.R. Barnard, and K. Singha (2014), Using Electrical Resistivity
Imaging to Examine Soil Moisture and Tree Transpiration Interactions, GSA Annual Meeting,
Vancouver, BC Canada 19-22 October [RESESS student intern]
Russell, Joshua, J.J.Braun, and G. Mattioli (2014), Using GPS Signal-To-Noise Ratio (SNR)
Observations to Detect and Characterize the Volcanic Plume Associated with the 2003 Soufrière
Hills Volcano Dome Collapse, GSA Annual Meeting, Vancouver, BC Canada 19-22 October
[RESESS student intern]
Van Boskirk, Elizabeth, Gottlieb, Mike, Johnson, Wade, Pyatt, Chad, Mencin, David,
Hodgkinson, Kathleen, Henderson, Brent, and Gallaher, Warren (2014), Utilizing Geologic
Samples Post Plate Boundary Observatory Borehole Strainmeter Network Construction, GSA
Annual Meeting, Vancouver, BC Canada 19-22 October
Weisberg, Wesley, J.R. Metcalf, and R.M. Flowers,(2014), Thermochronology of the Mcclure
Mountain Syenite: Characterization of New HE Thermochronometers and Constraints on the
Cooling History of the Wet Mountains, Colorado, GSA Annual Meeting, Vancouver, BC Canada
19-22 October [RESESS student intern]
Miller, M. Meghan and Rowan, L. (2014), Advances in Geodesy and Early Earthquake
Characterization: Results from the UNAVCO Science Community. 10th Joint Meeting of UJNR
Panel on Earthquake Research, Sendai, Japan.

1.2.5 GAGE Facility Products
UNAVCO develops products to support community science and education and makes these products
available via the website and Knowledgebase (Table 1-1). Work continues on minting DOIs for various
datasets with 350 datasets published in Y2Q1. During GAGE Y2Q1, 9 new UNAVCO Highlights were
featured on the UNAVCO home page, linked here:
● Russian GLONASS Global Navigation Satellite System April Outage and UNAVCO
● UNAVCO installs COCONet cGPS site CN18 on Swan Island Honduras
● Join UNAVCO at AGU
● Workshop on Future Seismic and Geodetic Facility Needs in the Geosciences
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●
●
●
●
●

Reaching kids and their parents through hands-on science
Free and easy access to online geodetic data: using Digital Object Identifiers (DOIs) for
UNAVCO data and metadata
Monitoring Erosion on a Volcano: High Resolution Topographic Surveys of Mauna Kea, HI
Data event response to the 14 October 2014 Mw 7.3 earthquake 67km WSW of Jiquilillo,
Nicaragua
Join UNAVCO at GSA

Table 1-1. GAGE Facility products.
GAGE FACILITY PRODUCTS
Datasets Published by DOI
Knowledgebase Documents Created
Knowledgebase Documents Updated
Highlights Published
Science Snapshots Published

GAGE FY2-Q1
350
1
9
9
1

1.2.6 Broader Impacts for Community, Governance and Management
UNAVCO Websites. The UNAVCO websites are managed by the Web Team (Web Editor in Chief and
Web Administrators), Section Editors, and subject matter experts who contribute web content. Content
for the seven main sections of the primary UNAVCO website (Community, Projects, Instrumentation,
Data, Software, Science, and Education) are the responsibility of seven Section Editors. As part of the
Web Integration project, we have worked to migrate several dynamic content and web applications from
facility.unavco.org onto the main www.unavco.org web site. Several application and services remain to be
integrated, before we can retire facility.unavco.org, and represent an ongoing development effort for the
next quarter.
Our goal is to retire pbo.unavco.org and facility.unavco.org once all dynamic content and applications
have been migrated to www.unavco.org. In the interim, we use URL redirects to both pbo.unavco.org and
facility.unavco.org in order to bring their content and applications into the www.unavco.org namespace
in a virtual manner. We are currently monitoring 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.
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. A
new TLALOCNet site is also under development. TABLE 1-2B shows the activity for individual domains
UNAVCO is responsible for maintaining. UNAVCO provides web support to EarthScope through
maintenance of the primary EarthScope website (www.earthscope.org). The EarthScope website received
routine updates.
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Table 1-2A. Quarterly activity for the primary UNAVCO websites. The number of users metric quantifies
the number of different site visitors. Total number of sessions quantifies the number of visits to the
website separated by > 0.5 hr. Number of “page views” quantifies the number of individual pages viewed.
WEBSITE IMPACTS
GAGE FY2-Q1
Number of Users

54,931

Number of Sessions

84,279

Page Views

200,097

Table 1-2B. Breakdown of Table 1-2A by third order domain. Note that the facility web pages have all
been subsumed into the www.unavco.org website and therefore there are no direct visits to that domain.
The domain is still live because pages are redirected. This will continue until all the dynamic content can
be fully migrated. The PBO webpage visits are dynamic network monitoring pages that have not yet been
migrated over to the www.unavco website. Page views for the resess.unavco.org website are high due to
visits by prospective interns duirng the application period.
NUMBER OF
NUMBER OF
WEBSITE
PAGE VIEWS
USERS
SESSIONS
Y2Q1 www.unavco.org
50,534
77,099
184,886
Y2Q1 facility.unavco.org
0
0
0
Y2Q1 pbo.unavco.org
1,136
2,448
4,606
Y2Q1 resess.unavco.org
2,752
3,969
9,251
Y2Q1 coconet.unavco.org
509
763
1,354
UNAVCO Outreach and Broader Impacts. UNAVCO had a strong presence at both the Geological
Society of America (GSA) annual meeting in Vancouver, British Columbia and the Fall Meeting of the
American Geophysical Union (AGU) in San Francisco, California. UNAVCO participation included oral
and poster presentations, support of multiple community meetings, the annual UNAVCO business
meeting, Geodesy Section reception and the exhibit booth. Presentations featuring UNAVCO-supported
science and education activities were presented by UNAVCO staff, RESESS interns, and community
members. Twenty presentations were made at GSA and more than 80 oral and poster presentations were
presented at AGU. At AGU, UNAVCO provided support for 13 community meetings, nine of which were
in support of NASA activities. The UNAVCO Business Meeting Tuesday evening (see above, section 1.2.1)
drew almost half of the consortium member representatives attending in person. Election participation
was much higher because of electronic balloting. At the AGU Geodesy Reception, UNAVCO encouraged
attendees to sign up for the Geodesy Section and receive a deck of PBO-GPS playing cards. The exhibit
booth was managed by ECE but staffed by all UNAVCO staff and RESESS interns. Each staff member
spent a minimum of three hours at the booth. In addition to sharing the mission of UNAVCO with
conference attendees the booth hosted informal community meetings and included TLS demonstrations
at GSA.
In addition to the GSA and AGU conferences, UNAVCO staff continued their interactions with the public
and in providing professional development and training opportunities for the community. A summary of
reach for those activities is provided in tables 1-3 and 1-4.
Table 1-3. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE) for
Y2Q1.
OUTREACH: ACTIVITIES (QTY)

GAGE FY2-Q1

Short Courses

1

Education Workshops and Outreach Events

13

11

Internship Programs

0

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

GAGE FY2-Q1

Researchers + Research Faculty

10

University + College Faculty

37

Post-docs

2

Graduate Students

42

Undergraduate Students

38

Public / K-12 Students

0

K-12 Faculty

100

Other Professionals

43

Large Event visitors

6,440

2. Geodetic Infrastructure Program
2.1 OVERVIEW
This UNAVCO program integrates all geodetic infrastructure and data acquisition capabilities for
continuously operating observational networks and shorter-term deployments. Supported activities
include development and testing, advanced systems engineering, the construction, operation, and
maintenance of permanent geodetic instrument networks around the globe, and engineering services
tailored to PI project requirements. The GI program coordinates closely with Geodetic Data Services
program (Section 3) to assure the highest standards of data quality control, integrity of metadata, ease
and transparency of data access for the UNAVCO user community, and to provide appropriate and
timely metrics on data usage for sponsors. Major projects currently supported by the GI program include
the 1,112 station Plate Boundary Observatory (PBO), Polar networks in Greenland and Antarctica (GNET
and ANET, together known as POLENET), COCONet spanning the Caribbean plate boundary, the multidisciplinary AfricaArray, and several other smaller continuously observing geodetic networks.
Work continued on “MRI: TLALOCNet - Development of a continuous GPS-MET array in Mexico for
atmospheric, climatic, and seismotectonic research in the Americas" (EAR-1338091, $1,500,000; 9/1/13
– 8/31/17). Core support from GAGE leverages funds provided by the MRI award. A new Project
Manager, Mr. John Galetzka, joined the UNAVCO team in late February, 2014. Since the last report
(GAGE Facility Y1Q4), continued progress on the construction phase of TLALOCNet has been made, in
coordination with our Mexican partners. The following new sites are now online: TNNX (Nochixtian),
TNPJ (Pijijiapan), TNAT (Acatian), and YESX (Yecora). The total number of TLALOCNet sites installed
or upgraded now stands at twelve, all of which are delivering data to the UNAVCO archive as of 30 Jan
2015.
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The GI program also provides engineering services to individual PIs for shorter-term GPS and TLS
projects, and other investigator-led data acquisition that had been previously managed by the UNAVCO
Facility. While a large share of GI resources in GAGE is tied to ongoing O&M of the PBO, GGN, and
POLENET continuous GPS (cGPS) networks and ongoing support to PI projects, two key areas for
enhancement were identified through community input and delineated in the GAGE proposal:
●

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

●

Continued evaluation and upgrade of all GPS receiver pools for implementation of full GNSS
capability.

Both of these tasks build on the specific recommendations of the Committee on National Requirements
for Precision Geodetic Infrastructure [NRC, 2010]. While these strategic initiatives were delayed during
GAGE Y1Q1 and Y1Q2, impact to tasks (1) and (2) above have been mitigated in part through subsequent
acquisition of new instruments with non-GAGE funds. Eight new PBO instruments have been configured
with GLONASS tracking and on board RTX (Trimble’s real time, in-band, precise point positioning
solution). And an initial plan for the deployment of these GNSS/RTX instruments was developed as
previously reported based on consultation with the PBO working group, PBO Ops staff, and conditioned
further based on the initial recommendations of from the PBO Futures Workshop (discussed further
below).
The Geodetic Infrastructure program has not ordered or received any new GNSS instruments as part of
the GAGE Facility, but plans to acquire additional instruments to support PBO and related networks
(COCONet and TLALOCNet), the EAR PI and PLR pools are planned for Y2Q3. We are currently in the
process of finalizing the technical requirements for a Request for Proposals from GNSS receiver
manufacturers. This effort is being led by a team of senior technical managers within GI and conditioned
on results from the D&T group. The final RFP should be available in late February 2015 and we
anticipate that vendor proposals will be submitted by late March 2015. The goal will be to make a large
purchase of new GNSS hardware to start the process of network renovation and upgrade in April 2015.
The GI group initiated a PBO-AK helicopter services RFP process in early November 2014 with a
committee comprising technical, legal, and business staff. The RFP was posted to the UNAVCO website
and vendor review is underway. We anticipate that the new preferred vendor, which will serve the
helicopter needs for the PBO-AK through the end of the GAGE Facility CA (Sept. 30, 2018) will be
announced during Y2Q2.
At the end of Y1Q4, the GI group headcount was 42 with 40 FTE and one vacancy. At the close of Y2Q1,
the GI group headcount still remains at 42 with 40.75 FTE and two vacancies, one in the PBO
Northwest/AK region and the second in EAR PI Support. At this time, there is no plan to fill these
vacancies.
The GI/PBO Director completed the PBO/SAFOD CA (EAR-0732947) close-out process in November
2014. The site review was completed at UNAVCO headquarters in Boulder on Oct. 27, 2014 and the Final
Report was submitted to NSF through research.gov on Nov. 18, 2014. The report was approved in
January 2015. The organizing committee for the “PBO Future in GAGE Workshop” developed a
preliminary draft of the workshop report encapsulating community-vetted recommendations in Y1Q4.
Due to a number of factors, including the need to complete the PBO/SAFOD close-out process and final
report and the deployment of the GI Director to McMurdo Station in Antarctica from late November
through late December 2014, progress on the “PBO Future” workshop report was unfortunately delayed.
The initial draft of the report should be available for community comment in late February 2015. The
goal is to complete the final revisions to the report and transmit it to NSF in early March. UNAVCO
would incorporate these recommendations into future budget requests as part of the GAGE Facility CA
(EAR-1261833).
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A summary of the important support GI metrics for Y2Q1 is shown below in Table 2-1.
Table 2-1. Geodetic infrastructure metrics for GAGE.
GEODETIC INFRASTRUCTURE METRICS: SUMMARY OF KEY METRICS
PI Projects & Proposals Supported: NSF-EAR, NSF-Other (Qty)
PI Projects & Proposals Supported: NSF-PLR (Qty)
PI Projects & Proposals Supported: Other Community (Qty)
Permanent Stations Supported: NSF-EAR and Community, PBO and Related (Qty)
Permanent Stations Supported: NSF-PLR (Qty)
Permanent Stations Supported: NASA GGN (Qty)
PI PROJECTS SUPPORTED (QTY)
GPS NSF-EAR
GPS NSF-Other
GPS Other Community
GPS NSF-PLR Arctic
GPS NSF-PLR Antarctic
TLS NSF-EAR
TLS NSF-Other
TLS Other Community
TLS NSF-PLR Arctic
TLS NSF-PLR Antarctic
PI PROPOSALS SUPPORTED (QTY)
GPS NSF-EAR
GPS NSF-Other
GPS Other Community
GPS NSF-PLR Arctic
GPS NSF-PLR Antarctic
TLS NSF-EAR
TLS NSF-Other
TLS Other Community
TLS NSF-PLR Arctic
TLS NSF-PLR Antarctic
UNIQUE PI's SUPPORTED (QTY)
GPS NSF-EAR: Projects and Proposals
GPS NSF-Other: Projects and Proposals
GPS Other Community: Projects and Proposals
GPS NSF-PLR Arctic: Projects and Proposals
GPS NSF-PLR Antarctic: Projects and Proposals
TLS NSF-EAR: Projects and Proposals
TLS NSF-Other: Projects and Proposals
TLS Other Community: Projects and Proposals
TLS NSF-PLR Arctic: Projects and Proposals
TLS NSF-PLR Antarctic: Projects and Proposals
PERMANENT STATIONS O&M (QTY)
GPS NSF-EAR and Community
GPS NSF-PLR Arctic
GPS NSF-PLR Antarctic
GPS NASA GGN
PBO GPS
PBO Borehole Seismometers
PBO Borehole Strainmeters
PBO Shallow Borehole Tiltmeters
PBO Pore Pressure Sensors

GAGE FY2-Q1
21
44
6
2135
147
62
GAGE FY2-Q1
7
2
2
2
18
3
0
3
0
5
GAGE FY2-Q1
4
4
1
17
0
0
1
0
2
0
GAGE FY2-Q1
9
6
3
2
19
3
1
3
0
5
GAGE FY2-Q1
796
61
86
62
1130
79
75
26
23
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PBO Long Baseline Laser Strainmeters
POOL EQUIPMENT (QTY & UTILIZATION)
GPS NSF-EAR (# Receivers in Pool)
GPS NSF-EAR (Average % Utilization)
GPS NSF-EAR (Peak % Utilization)
GPS NSF-PLR Arctic (# Receivers in Pool)
GPS NSF-PLR Arctic (Average % Utilization)
GPS NSF-PLR Arctic (Peak % Utilization)
GPS NSF-PLR Antarctic (# Receivers in Pool)
GPS NSF-PLR Antarctic (Average % Utilization)
GPS NSF-PLR Antarctic (Peak % Utilization)
GPS Systems Repaired (UNAVCO & Community)
TLS (# Scanners in Pool)
DEVELOPMENT & TESTING (QTY)
D&T Projects Worked
D&T Projects Completed

6
GAGE FY2-Q1
667
77%
79%
125
65%
65%
208
75%
80%
70
6
GAGE FY2-Q1
9
0

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:
● 1130 permanent GPS stations (1100 PBO core, 30 other)
● 75 borehole strainmeters (74 PBO core, 1 NSF Continental Dynamics)
● 79 borehole seismometers (78 PBO core, 1 NSF Continental Dynamics)
● 23 borehole pore pressure sensors
● 26 shallow borehole tiltmeters
● 6 long baseline laser strainmeters
● 145 meteorological stations (118 core, 27 NOAA)
● 458 real-time streaming GPS stations (approximate total including ~415 PBO Core/Cascadia, 4
TLALOCNet, 40 COCONet)
2.2.1.1 cGPS Network
During GAGE Y2Q1, the PBO GPS and Related Networks Group completed a number of tasks in support
of the primary goal of maintaining the PBO GPS network at a high level of performance. There was also
significant progress made in the TLALOCNet project, with five more cGPS-Met stations completed, four
of which are delivering data to the UNAVCO archive. Staff supported COCONet operations as well,
installing the first tide gauge instrument in Jamaica. PBO stations were upgraded to be enabled for
GNSS operations and MEMS accelerometers were installed at a number of PBO stations in California.
Lastly, staff represented UNAVCO at the annual AGU meeting in San Francisco.
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Figure 2-1. GPS uptime time series for PBO network from April 2009 through December 2014.
Other highlights from Y2Q1 include:
●
●

●

●
●
●
●
●
●
●
●
●
●
●

The 1100-station core PBO GPS network uptime percentage for the month of December was
94.9%. For Y2Q1, the network uptime percentage was 96.6% and for the project since inception
is 94.9%.
In GAGE Facility Y2Q1, there were 95 PBO GPS site visits, resolving 229 GPS issues during 167
engineer-days in the field. An additional 71 days of engineer travel involved required meetings
and training. Other PBO GPS Ops staff travel included activities related to Rio Grande Rift
support (three days), TLALOCNet (80 days) and COCONet (4 days).
After the departure of Ryan Bierma in PBO-Alaska, a new streamlined staffing plan was
developed for PBO O&M. This plan reduces the number of managers by consolidating all PBO
GPS activities into three regions. Ken Austin will manage the new PBO-NW/AK group and Korey
Dausz will be relocated to the Anchorage, AK Office. This plan is expected to be fully
implemented by March 1, 2015.
The PBO-NW/AK combined regions held a joint operations meeting in Seattle to plan workflow
for the upcoming year and discuss GNSS upgrades, regional budgets, staffing, and other issues.
A RFP to support helicopter operations for the next 4 field seasons in Alaska was released in
December 2014. The procurement decision is expected to be made in the current quarter.
UNAVCO staff completed in-depth review of network performance and drafted field plans for the
2015 field season for Alaska.
John Galetzka, Adam Woolace, and Shawn Lawrence supported TLALOCNet fieldwork in
November and December, assisting in the installation of five new cGPS-Met stations in Mexico.
Chad Pyatt released an updated version of his Operations Tool for the iPhone.
PBO-NW staff started working with WSRN and WSDOT to plan sponsored upgrades of PBO
stations to stream GLONASS.
PBO-SW engineers installed five geodetic modules and MEMS accelerometers at stations in the
Bay Area spanning the Hayward and Rodgers Creek fault.
Fifteen GNSS upgrades were completed. A subset of these is slated to have GLONASS and RTX
enabled.
PBO-SW engineers completed upgrades for a large radio network in the Eastern Sierra Nevada.
The new radios will accommodate better state of health monitoring, allow for high rate data
downloads, and real-time streaming where applicable.
James Downing, Chris Walls, and Heidi Willoughby completed a review of permit status,
renewal fees and renewal dates. A plan is in development to distribute renewals over 4 years to
eliminate the spikes in 2017 and 2018.
Doerte Mann traveled to Boulder headquarters for GSAC/Dataworks training to aid in the
development of remote data archives for the COCONet project.
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2.2.1.2 Borehole Geophysics
The Borehole Geophysics group continued to maintain the borehole strainmeter sensors in PBO with an
operational status of more than 90%. Winter is typically is a low point in operations of the BSM network
due to poor site access driven by weather. Keeping the PBO BSM network running at a very high level
was done while continuing the first UNAVCO led borehole installations outside the PBO footprint.
GeoGONAF, consisting of 4-6 boreholes located in the Maramara region of Anatolia, is located nine time
zones away from UNAVCO HQ, which made travel and communications challenging for PBO BSM staff.
In addition efforts continue on developing a follow on strainmeter manufacturing capability within the
UNAVCO community framework. The seismic network continues to see improved uptime due to
hardening and virtualization of internal dataflow systems.
Table 2-2. PBO borehole geophysics network uptime over Y2Q1.
Borehole
Strainmeter
Seismic
Tiltmeter
Number of stations
75
79
26
Uptime Dec 2014
90.5%
88.3%
N/A
Uptime Q1 2015
92.7%
93.1%
86.6%

Figure 2-2. PBO seismic network uptime time series from April 2009 through December 2014.
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Figure 2-3. PBO Borehole strainmeter network uptime time series from April 2009 through December
2014.

Figure 2-4. PBO tiltmeter network uptime time series from July 2012 through December 2014. Tiltmeter
network status is tracked on a quarterly basis.
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Highlights
●
●

●
●
●
●

BSM field engineers resolved 53 PBO BSM maintenance issues with 29 field days in Q1 2015.
In addition, engineers spent 77 field days in Turkey, working on the GeoGONAF project. To date,
one site (Buyukada) has been successfully installed, two more strainmeter boreholes have been
drilled, with a third currently is in progress. UNAVCO engineers assisted German partners at
GFZ with logging and installation of several 300m seismic boreholes. Significant progress,
including several installations is expected to occur during Q2 2015.
Mencin, VanBoskirk, and Gottlieb attended GSA in October, presenting two posters.
Mencin, Hodgkinson and Johnson attended AGU in December, presenting two posters and one
talk.
Four VSAT communication systems were upgraded to cellular modems, reducing recurring
monthly costs. Engineers will continue to upgrade communications where possible during 2015.
B012 was affected by a nearby lightning strike in October. Currently only three channels are
recording data.

Planned Activities
●
●
●
●
●

Completion of drilling, logging, and instrument installation for 3-5 more boreholes near
Istanbul.
Improve/finalize list of sites by data quality and scientific priority, which will be used to focus
maintenance efforts for increased cost-effectiveness.
Continued efforts to improve data quality at poorly performing BSM sites. The BSM team is
currently working through a list of stations with potentially resolvable (electronic) issues.
Work on an analytical paper focused on the subject “Factors contributing to the success/failure
of a borehole strainmeter installation.” Will draw from all installation notes from the PBO
network.
Begin preparations for Oklahoma installations with Clemson and DOE planned for next
summer.

2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego
Long baseline laser strainmeter (LSM) network performance and data quality were generally good this
quarter, though some significant issues were experienced in October 2014 primarily due to a range of
laser-problems and failures, with subsequent improvements in November and December of 2014.
Recordings from this network were particularly noteworthy this period for the extended transient
deformation signals recorded at Durmid Hill (along the San Andreas Fault), Salton City (San Jacinto
Fault), and Cholame (San Andreas Fault). LSM data products 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

DHL2

GVS1

SCS1

SCS2

Network Average

2014-10

75%

85%

99%

93%

99%

93%

91%

2014-11

99%

100%

100%

83%

99%

92%

96%

2014-12

99%

99%

99%

99%

95%

99%

98%

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 tiltmeter, where data return is on
a best effort basis. The summary for all PBO sensor types is shown in Table 2-4. The time series for data
return percentage since the beginning of the initial 5-year PBO O&M award (EAR-0732947) is shown in
Figure 2-5. This period, all PBO data types exceeded the data return target.
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Table 2-4. PBO network cumulative data return percentage for quarter and since beginning of PBO
O&M.
Pore
Borehole
Laser
Period
Target
GPS
Seismic
Tiltmeter
Pressure
Strainmeter
Strainmeter
GAGE
FY2Q1
85%
97%
98%
99%
100%
93%
100%
Cumulative
since 2008-10
85%
99%
96%
98%
100%
86%
92%

Figure 2-5. PBO network data return percentage from 01 October 2008 through 31 December 2014.
PBO network data return and data quality notes this period:
Borehole Strain
●

The strainmeter network passed the data quality metrics criteria during GAGE Y2Q1. Over 70%
of the network has BSMs that are recording compression, are relatively free of unexplained
steps, and record a strong M2 tide and shear strain from telesiems.

●

One BSM, B078 in Parkfield failed the requirement to record teleseismic shear for the first time
this quarter. One strain gauge has flatlined, while two others record excessive noise. Fieldwork is
planned for this site once the Parkfield rainy season has ended and the roads are again passable.

B079, the Jack Canyon strainmeter in the Cholame area of Parkfield recorded a slow-slip type
event in December 2014. An accumulation of ~15 nanostrain occurred over 4 days in the EeeEnn shear strains. This is the third such event recorded at this site since the instrument was
installed in October 2006. All three events were also recorded on the Cholame long baseline
strainmeters located 3 km to the south west.
Pore pressure
●

●

●

B081, B082 failed the pore pressure data quality metrics of coherence with barometric pressure.
B082 data quality is degraded by nearby hydrological pumping but is providing useful data for
studying poro-elastic strain induced by fluid extraction. B081 will require a site visit as this
instrument has passed the metric in the past and indications are this is an instrument issue.
B087 failed the coherence with barometric pressure metric but records a strong M2 tidal signal.
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Tilt
●

●
●

Two tiltmeters recorded few data through GAGE Y2 Q1: AV13, Akutan, Alaska and P693 on Mt St
Helens, WA. There were insufficient data to calculate the amplitude of the M2 tide from the
time-series.
Tiltmeter AV29 on Westdhal, AK, is recording data but is too noisy to extract the earth tides.
The new tiltmeter installed in the B945 borehole in Yellowstone in September 2014 passed the
data quality metric this quarter. The data are relatively free of offsets and contain a strong tidal
signal.

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 this reporting period, all PBO data types exceeded data quality metric targets.
Table 2-5. Network performance metrics for PBO: data quality.
PBO NETWORK PERFORMANCE: DATA QUALITY (Pass/Fail)
PBO GPS
PBO Borehole Strainmeters
PBO Shallow Borehole Tiltmeters
PBO Pore Pressure Sensors
PBO Long Baseline Laser Strainmeters

GAGE Y2Q1
PASS
PASS
PASS
PASS
PASS

2.2.1.5 Real-Time GPS Network Operations
The average completeness across the UNAVCO RT-GPS network ranged from 81% to 85% for each
month of the Y2Q1. The median monthly latency across the network ranged from 206 to 232
milliseconds with 25% of the network typically having latency less than 170 milliseconds and 75% of the
network having latencies ~545 milliseconds (Table 2-6). These numbers are similar to the previous
quarter. Even though the average latency for November was higher than usual, the quartile range and
median did not change much. The spread in latencies does not vary much over the quarter or network
(Figures 2-6A and 2-6B).
Eight San Francisco Bay Are sites were added to the network in November 2014 to study latencies to help
with site selection for colocation of GPS and MEMs accelerometers (Figure 2-6C). The Anza MEMs sites
have some of the the lowest RT-GPS latencies across the network using a combination of radio networks
and T1 line. The sites with latencies of ~500ms are on cellular modems.
Table 2-6. Real-time GPS network completeness and latency for GAGE Y2Q1.
Month

Number of
Sites

Network
Completeness
(%)

Average
Latency*
(ms)

2014-10

450

85

902

2014-11

458

85

2014-12

458

82

Median
Latency
(ms)

25%
(ms)

75%
(ms)

167

546

846

232
212

159

540

1099

207

152

555

* Latencies are based on sites online during the quarter.
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Figure 2-6A. Real-time GPS latency during GAGE Y2 Q1.

Figure 2-6B. Real-time GPS latency during GAGE Y2 Q1, across the western US, based on December
2014 averages.
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Figure 2-6C. Real-time GPS latency recorded during November 2014 from MEMs sites in Anza and
potential MEMs sites in the San Francisco Bay Area.
2.2.2 Field Support for the NASA GGN
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 62
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN) (Figure 2-7). UNAVCO
staff monitor station network connections, ship new equipment to site operators as necessary, and
construct new permanent sites as directed by JPL. UNAVCO staff work closely with local collaborators at
each station for the purposes of routine maintenance as well as troubleshooting when data flow is
interrupted, and perform field maintenance and upgrades.
75 receivers are monitored in the GGN as 13 stations have two receivers on a single antenna. Currently,
56 GGN stations are fully operational and provide daily files to the geodetic user community. Three of
the stations currently offline need replacement computers; the necessary hardware has been shipped to
two of these sites for installation by local collaborators. Shipping approval from local contacts is needed
before the third computer can be sent. The remainder of the stations without current data have suffered
issues with the GNSS receivers. UNAVCO is in the process of troubleshooting these outages.
During the reporting period, UNAVCO personnel traveled to GGN stations ARUC in Aruch-Yerevan,
Armenia and QUIN in Quincy, CA. The GNSS station in Aruch required a power system upgrade to
address frequent data communication outages at the site. Having previously had only its receiver and
computer backed up by a traditional UPS, ARUC is now equipped with a PBO-standard 400 A-H DC
backup system which powers all of the stations components.
Station QUIN required the installation of new satellite communications hardware in order to re-establish
the flow of real time data, which had previously been halted due to a poor satellite signal. Real time data
is again flowing consistently from the station.
New computers were installed at station NATL in Natal, Brazil, and station USUD in Usuda, Japan.
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Computer equipment at both sites had failed, and the stations remained offline until the new devices
were installed. Also, one new multi-constellation capable receiver was installed in addition to an existing
GPS receiver at site MCM4 in McMurdo Station, Antarctica. This new receiver is capable of tracking
GPS, GLONASS, Galileo, Beidou, and QZSS satellites.

Figure 2-7. Operational state of the NASA GGN on December 31, 2014. Green indicates an operational
station, red indicates a two week or less interruption in computer connectivity, grey indicates a 3-week or
longer interruption in computer connectivity, and yellow depicts stations with online computers but
receivers that are currently not reachable.
Equipment for a new monument was also shipped to station SEY1 on the island of Mahe in the
Seychelles. A new co-located monument will be installed at the station. The existing antenna is mounted
on the top of a seismic wellhead and will need to be removed permanently due to maintenance issues
with the seismometer. The antenna on the new monument will serve as a tie for the existing antenna and
then become the primary antenna once the original antenna is removed in mid 2015. The new
monument is expected to be installed in early January 2015.
Performance metrics: Stations Monitored - 62; Receivers Monitored - 75; Troubleshoots - 133.
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2.2.3 Polar Projects: POLENET
POLENET support is a year-round effort of the UNAVCO Polar team. With telemetered cGPS networks
in Greenland and Antarctica, the cycle of monitoring, planning, preparation and fieldwork is continuous.
GAGE Y2Q1 activities for the Polar Services team were focused on the execution of the 2014-15 Antarctic
field season, and with that, the maintenance and completion of the ANET cGPS network. GNET efforts
fell to data flow management and site monitoring. As of the end of Y2Q1, 90% of the GNET network is
telemetering data. Three sites are not sending data as is typical as the network moves into the deeper
arctic winter. Overall GNET data recovery, measured by data that reaches the UNAVCO archive, is
currently 87%. For monthly averages, see Figure 2-8 below. The recent drop in recovery rates in
Greenland is attributable in part to the failure of sites with bad data cards. We expect the rate to recover
now that the field maintenance is complete. A map of the sites making up the Greenland POLENET
network can be seen in figure 2-9.

Figure 2-8. POLENET/GNET network status since inception. Solid red area shows the number of
stations operating through time (42 at close of Y2Q1). Orange line shows percentage cumulative monthly
data return.
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Figure 2-9. GNET continuously operating GPS stations in Greenland.
Field efforts for ANET focused on two fronts; maintenance of existing sites and the installation of an
additional three stations in a joint effort with the Italian Antarctic program. A primary goal of the
maintenance effort this field season has been to replace failing compact flash cards within the Trimble
NetRS GPS receivers. In June of 2014, routine monitoring and data management of GNET sites
uncovered an issue in which several of the data cards aboard the NetRS receivers were failing. The
problem caused the affected sites to cease data collection after approximately 600 days of operation at
30-second data rates. In previous quarters, UNAVCO worked with Ohio State University and the card
manufacturer to evaluate the problem and resolve the issue. It appears at this time that the failure lies in
the compact flash cards, possibly related to a manufacturing batch issue, as well as with the interplay of
the card and the Trimble firmware. All of the GNET sites were visited at the end of the last quarter and
data cards were replaced as part of these visits. Suspect compact flash data cards are currently being
replaced at ANET sites as they are visited in Antarctica. Also in 2014, Trimble identified an issue with a
subset of choke ring GPS antennas that can lead to an L2 tracking failure in about 3% of deployed devices
that fall within a specific manufacturing window. UNAVCO identified suspect antennas prior to the field
season and the ANET team is replacing those to avoid possible L2 outages down the road. In addition to
preventive maintenance and repair, battery state of health analysis is being performed at all visited sites.
This type of testing on GNET and ANET provides us with key data on long term battery capacity trends
over the network. The total number of core ANET sites is currently 45. LARISSA (LARson Ice Shelf
System), a sister network operating on the Antarctic Peninsula, remains at a total of ten stations for this
period. The average cumulative ANET data recovery, measured by data that reaches the UNAVCO
archive, is currently at 88%. For monthly trend, see 2-10 below. Figure 2-111 highlights the locations of
the ANET and LARISSA network sites.
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Figure 2-10. POLENET/ANET and LARISSA network status since inception. Solid red area shows the
number of stations operating through time (55 at close of Y2Q1). Orange line shows monthly data return
percentage.

Figure 2-11. Locations of ANET and LARISSA continuously operating GPS stations in Antarctica. Orange
dots indicate sites installed during the 2014-2015 field season.
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GNET Stations receiving maintenance field visits this quarter: 0
ANET Stations receiving maintenance field visits this quarter: 27 plus three new installations (see map).
2.2.4 Network Engineering Support for Other Community GPS Networks
UNAVCO provides operations and management (O&M) support at various levels to 796 continuously
operating GPS stations in 56 different networks that were installed, each in support of a PI project. Many
of these stations continue to operate beyond the original award period (Table 2-1). The O&M support
includes data downloads, state of health monitoring and reporting, resolving communications and
equipment issues, shipping replacement equipment, and working with PIs and local contacts to resolve
problems. UNAVCO, working closely with PIs and their collaborators, provides this O&M support at
three broad levels:
●

●

●

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

The performance of each network varies greatly and most has to do with the method of data downloading
and delivery. Networks with stations that are online, and the data downloaded and archived by UNAVCO
show a higher percentage of expected data return when for the past quarter. RAPID-Bolivia (100%),
COCONet (88%) are examples of these types of networks. Networks that are in remote areas, not online
and downloaded periodically, yield lower percentage or no data returned for a particular quarter. The
overall yearly data return, however, is commonly similar to networked sites if network receivers are
periodically downloaded.
The UNAVCO PI network group continues work on a network monitoring tool call Nagios. This web
based tool will allow easy access to a stations state of health (SOH). The SOH can be determined by
either directly connecting the receiver if it is online or by examining the data that is in the UNAVCO
archive (e.g. data that is ftp’d to UNAVCO). Both the GI and GDS groups at UNAVCO are working
together to develop a system that can be used by all to monitor cGPS networks.

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 (both GNSS and TLS), planning, installation, operations and maintenance
of continuous, permanent GPS/GNSS station networks around the globe. Engineers and technicians also
undertake technology development, testing, and systems integration to support new project demands.
2.3.1.1 GPS PI Project Support
In this reporting period, 11 PI projects (7 NSF-EAR, 2 NSF-Other, and 2 Community) were supported by
UNAVCO. UNAVCO staff was involved in proposal development, project planning, network design,
monument design, equipment preparation and installation, and establishing real-time data flow.
Additionally, UNAVCO supported 9 new PI proposals (4 NSF-EAR, 4 NSF-Other, and 1 Community).
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2.3.1.2 GPS Instrument Pool
The UNAVCO GAGE receiver pool now consists of 667 GPS or GPS/GNSS-capable receivers (Figure 212) following the retirement of five receivers this quarter. The receiver pool consists of Topcon GB1000,
and Trimble NetR9, NetRS and R7 receivers purchased by UNAVCO for use as both campaign receivers
and to support for specific NSF-EAR projects and thus are deployed in semi-permanent installations.
This reporting period saw a continued high level of utilization of the UNAVCO receiver pool with an
average of 77% (Figure 2-13). UNAVCO continues to upgrade the receiver pool with the latest in GNSScapable receivers available. We plan to augment the receiver pool in Y2Q3 with an additional 20 Trimble
NetR9 (or similar) receivers based on the outcome of the GNSS receiver RFP process discussed above.
2.3.1.3 GPS Instrument Repairs
The GAGE Facility is an authorized Trimble repair facility. Since the introduction of the Trimble NetRS
and now up to the recent release of their latest GNSS product, the NetR9, the UNAVCO community has
purchased thousands of receivers through the UNAVCO-community purchase program. With this
program new receivers come with a five-year warranty with the stipulation that repairs are handled by
UNAVCO. This arrangement has brought the costs down for equipment purchases and further enables
GPS instruments to be used for longer periods of time. During this reporting period, UNAVCO processed
70 Return Merchandise Authorizations (RMAs). This includes repairs for GPS receivers, antennas, and
surface meteorological packages. The repairs ranged from handling RMA submissions to vendors to
board level repairs. An offsite contractor is currently providing this PI-support service to UNAVCO.

Figure 2-12. UNAVCO NSF-EAR receiver pool inventory from 01 October 2003 through 31 December
2014. Note: the drop in 2006 is due the NSF-PLR pool no longer being included in the metric.

Figure 2-13. UNAVCO NSF-EAR receiver pool utilization from 01 October 2003 through 31 December
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2014. The metric reflects the proportion of receiver pool instruments that are sourced out of the
UNAVCO GeoLogistics Center and assigned to any project during any given week.
2.3.2 Polar Services
The UNAVCO Polar engineering team wrapped up the Arctic field season at the beginning of this quarter
and headed south to Antarctica to provide PI support to 23 projects. With such a large project load that
is launched out of a singular point, McMurdo Station, it is far more effective for the UNAVCO Polar
engineering team to operate directly in Antarctica. Efforts focused on a number of GPS and TLS field
campaigns as well as the field maintenance push for the ANET stations. The 2014-15 field season
included providing ongoing monitoring of PI cGPS networks operating on the continent, including ANET
and LARISSA. Project support is currently ongoing across the Antarctic continent, with deep field
components as well as local support work. Multiple PI teams were trained in precision geodetic
techniques and the operation of instruments prior to heading into the deep field with these resources.
Support for a project led by Ian Dalziel and Robert Smalley wrapped up in October, resulting in the
installation of three autonomous cGPS stations on South Georgia Island for study of the evolution of the
South Scotia Sea gateway and the underlying lithosphere.
Two new field engineers were added to the Polar staff last quarter, and both deployed to Antarctica this
quarter. These new hires filled vacancies due to attrition and funding constraints. The new full time staff
members bring the Polar team back to an appropriate level for high quality support. The polar FTE count
is currently seven, with five engineers, one technician and one project manager.
While the Arctic season was effectively wrapped up last quarter, UNAVCO provided ongoing monitoring
of PI cGPS networks operating on the continent, including GNET and GLISN. PI proposal submissions
for Arctic funding also fell into this quarter, with 19 budgets and letters of support provided to PI
requests.
UNAVCO provided field Terrestrial Laser Scanning (TLS) support to five projects this quarter. Demand
is generally steady, and the variety of scanning applications is growing. Most TLS projects have a GPS
component, which results in the higher demand for GPS instruments. UNAVCO engineers employ both
the longer-range Riegl VZ-1000 scanner and a shorter-range VZ-400 for polar field applications. This
suite of scanners enables a broad range of uses, including small scale volumetric estimates and change
detection. Project locations centered primarily in the McMurdo Dry Valleys as a tool for change
detection. TLS scanning was also provided for PI Phillip Kyle at the summit of Mount Erebus, one of the
southernmost active volcanos on the planet.
UNAVCO monitors and maintains several non-POLENET GPS networks in the Arctic and the Antarctic
described in the accompanying GI spreadsheet tab “PI Projects Supported.” UNAVCO also maintains
GPS reference stations and forward-deployed equipment at multiple locations. In the Arctic, these can be
found at Barrow, Atqasuk, Toolik camps in Alaska and Summit Station in Greenland. In Antarctica, these
are found at three continuously operated US research stations: McMurdo Station, Palmer Station and the
Amundsen-Scott South Pole Station. Currently there are 125 GPS systems in the Arctic pool and 208
systems in the Antarctic pool. Many of these are deployed year round in support of continuous stations
in Greenland and Antarctica.
2.3.3 Geodetic Imaging (TLS)
Geodetic Imaging TLS activities during the GAGE Y2Q1 period included engineering support for PI
projects, planning support for PI proposals, education and outreach, and resource development. In
GAGE Y2Q1, a total of 11 TLS field projects (3 EAR, 5 PLR, 3 other community) and 3 proposals (1 NSFother funded, 2 PLR) were supported by the Geodetic Imaging project (Figure 2-14).
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Figure 2-14. Number of TLS projects and proposals supported by UNAVCO through December 31, 2014.
To meet the needs of UNAVCO’s growing and diversifying TLS user community, UNAVCO is actively
developing training resources and documentation to support Earth science TLS users. Several new
documents and entries were added to the TLS Knowledgebase during the current reporting period
(http://facility.unavco.org/kb/categories/Geodetic+Imaging/Terrestrial+Laser+Scanning+(TLS)/). New
documents on TLS validation procedures, software license server access, and TLS instrument service
histories were also added to the internal UNAVCO wiki.
During this reporting period the Geodetic Imaging Project Manager completed the evaluation of
responses to the terrestrial laser scanner RFQ issued in GAGE Y1, and drafted a comprehensive report
detailing the advantages and disadvantages of each system. The report incorporated feedback from
UNAVCO staff and members of UNAVCO’s Terrestrial Imaging Geodesy Working Group (TIGWiG).
Plans to purchase a scanner under NSF-EAR 1261653 Acquisition of Next Generation Terrestrial Laser
Scanning Systems for Community Earth and Polar Science Research are in progress with plans to
submit a purchase request in Y2Q2.
Also during this reporting period, Geodetic Imaging staff Crosby and Okal taught a short course at the
Geological Society of America annual meeting in Vancouver, Canada - Introduction to Terrestrial Laser
Scanning (Ground-Based LiDAR) for Earth Science Research. Additional information on the short
course can be found in section Education and Community Engagement section 4.2 below.
Finally, the Geodetic Imaging Project Manager worked with ECE colleagues to organize and run the Field
Education and Support by the UNAVCO GAGE Facility workshop November 17-18. This workshop
focused on UNAVCO’s support for field education using geodetic tools such as TLS and GPS. In addition
to a presentation on UNAVCO’s TLS program, a lunch-time demo of a TLS system was provided.
Additional information on the workshop can be found in section Education and Community Engagement
section 4.2 below.

2.4 DEVELOPMENT AND TESTING
The GAGE Facility Development and Testing effort is staffed by 2.75 FTE at the Project Manager III,
Engineer III and Engineer II levels, and now also incorporates the PBO strainmeter and GPS testing
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efforts. Ad hoc contributions to individual D&T projects from other UNAVCO groups have been critical
to the effort, with individuals participating in projects of direct interest to their operational efforts. The
ongoing development of teqc software and implementation of server-based real-time GPS positioning
capabilities in close collaboration with GDS are important ongoing projects undertaken by the D&T staff.
As dictated by the Development and Testing Product Council, the group’s activities continue to be
oriented toward three important strategic goals: development of battery monitoring that can help realize
economy and efficiency of field operations, evaluation of cellular data communications systems suitable
for use anywhere in the world, and evaluation of real-time positioning methods, both receiver- and
server-based, for use in earthquake early detection and other monitoring applications.
In order to gauge battery health at permanent GNSS stations over time information such as battery
temperature, charge and discharge current, depth of discharge, and battery capacity is required. Based
on information concerning battery sizing, usage, testing, and monitoring as described in IEEE
documents, battery monitoring hardware is being developed by Warren Gallaher that can be attached to
the battery banks, and that will produce the necessary battery state of health information. A low cost
proof of concept system has been calibrated, and a unit for field testing should be available in early 2015.
Successful deployment of such systems will eliminate costly unnecessary battery replacements at field
stations in the future.

Figures 2-15 (left) and 2-16 (right). Figure 2-15 shows errors in real-time positions with respect to
measured antenna position for TRimble RTX (red) and Leica VADASE (black) Figure 2-16 shows
horizontal displacement of the test antenna as measured by Trimble’s receiver based RTX client (red) at
50 sps and Leica’s VADASE (black). The stage position was independently measured at 200 sps (blue).
Tests were conducted using the UNAVCO-designed pneumatic antenna actuator.
We have expanded testing of real-time positioning to include Leica’s VADASE (Colosimo, 2012)
algorithm. VADASE is a completely receiver-autonomous approach, requiring no corrections, that
computes velocity based on the difference of carrier phase position between epochs. Although subject to
integration errors over time, the positions generated in short-duration tests compare favorably to those
produced by the much more expensive and complex Trimble RTX algorithm.
Reference: Colosimo, G., 2012, VADASE, Variometric Approach for Displacement Analysis Stand-alone
Engine, PhD Dissertation, Sapienza Universitá di Roma.
Three Development and Testing presentations were given at the 2014 AGU Fall Meeting by F. Blume and
H. Berglund, which detailed the analysis of the GLONASS outage in April 2014 and testing of real-time
GPS positioning algorithms. References are given earlier in this report.
Performance Metric 10/2014 – 12/2014: 9 Development and Testing Projects, none Completed.
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2.5 GI PROGRAM SUMMARY
This has been another busy quarter for the GI program with the ongoing efforts related to the
challenging borehole strainmeter installations in Turkey, the new cGPS/Met station installations in
Mexico for TLALOCNet, the continued efforts to complete construction of COCONet and HoustonNET.
After many months of delay, significant progress was made toward completing the COCONet
installations in Venezuela. We anticipate that the initial sites will actually be installed in Y2Q2.
TLALOCNet continues to move forward and five new sites were installed in Y2Q1 with four of the five
already transmitting data to hte UNAVCO archive. The final procurement for HoustonNET was
completed and UNAVCO staff will install the GPS instruments in Y2Q2. Drilling for the installation of
the second Sea of Marmara island site commenced in GAGE Y2Q1. The second hole, part of the
expansion of GeoGONAF from four to six installations with additional funding from Istanbul
Development Agency to Kandilli Observatory, was initiated in Y1Q4 and continued in Y2Q1 without a
successful installation. Again, problems arose with the drilling contractors. Finally, at the end of Y2Q1,
the the GI group headcount remains at 42 with 40.75 FTE. See the GI Director’s Introduction for
additional details.

3. Geodetic Data Services Program
3.1 OVERVIEW
The Geodetic Data Services (GDS) program manages a complex set of metadata and data flow operations
providing a wide range of geodetic/geophysical observations to scientific and educational communities.
Sensors currently include GPS (downloaded files and streaming real-time (RT-GPS)), borehole
geophysics instrumentation (strainmeters, tiltmeters, seismometers, pore pressure and meteorological
sensors), long baseline laser strainmeters, and terrestrial laser scanners. Field data are acquired either
from continuously operating sites or episodic “campaign” surveys conducted the community. UNAVCO
also acquires and distributes satellite synthetic aperture radar (SAR) data from foreign space agencies.
GDS services include data operations (managing metadata; data downloading, ingesting and
preprocessing); data products and services (generating processed results and QA/QC and state-of-health
monitoring); data management and archiving (distribution and curation); cyberinfrastructure; and
information technology (systems and web administration). In order to perform this mission, GDS
maintains a technical staff, onsite and offsite computer facilities with networking, servers and disc
storage, and manages a number of subawards to university groups who provide additional products,
software and training.
For the first quarter since before the start of GAGE GDS is approaching full staffing with the addition of a
systems administrator (SA) in early 2014 and new software engineers who came onboard in December
and confirmed for January, 2015. The recovery of the third SA position has dramatically reduced the
backlog of SA/IT tasks for the GAGE Programs and Business Affairs. GDS project managers and
UNAVCO-wide Directors held an afternoon planning retreat to identify and prioritize software
development tasks for GAGE year 2. These tasks are above and beyond the routine operations and
maintenance of data management and archiving. Forty-five tasks were identified with ten being
determined to be of highest priority. With a full complement of staff we anticipate making significant
progress on GAGE as well as other non-core projects in 2016.
Some highlights of activities for the GAGE Y2Q1 quarter include: 1) Data and metadata operations and
management tasks involving continued upgrades of data systems to improve performance and hardening
of data operations in particular with regards to real-time GPS (RTGPS) systems that currently number
458 stations, and further automating download of high rate data (but not in real-time) after geophysical
events. 2) Projects to improve metadata management systems and automating some of the metrics
reporting process were initiated this quarter. The final set of backup equipment was pulled from Socorro;
all offsite backup is now performed at the FRII site in Fort Collins. 3) the addition of 10 new
accelerometers in northern California for enhancing RTGPS data quality was accompanied by process
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improvement as UNAVCO seeks to make these systems part of routine data management. 4) a major
accomplishment for UNAVCO and the GAGE subawardee processing team of Analysis Centers (AC’s) at
New Mexico Tech and Central Washington University (CWU) and the Analysis Center Coordinator (ACC)
at MIT was the completion of the reprocessing effort initiated by the AC’s and ACC in 2012. The
reprocessing of over 2,000 stations from the PBO (Plate Boundary Observatory), COCONet
(Continuously Operating Caribbean GPS Observational Network), GAMA (GPS Array for Mid-America)
and SCIGN (Southern California Integrated GPS Network) networks, and extended processing of NGS
CORS was fully and successfully completed this quarter. 5) Custom high-rate data sets were provided for
the 14 October 2014 M7.3 Jiquilillo, Nicaragua earthquake. 6) the volume of data of all types delivered
(14,742 GB/quarter) continues to be over twice the volume archived (6,799 GB/quarter). The total
volume in the archive passed 150 TB this quarter. 7) For the third time since its installation in October
2006, PBO BSM B079, the Jack Canyon strainmeter in the Cholame area of Parkfield recorded a slowslip type event. This event was also recorded also recorded by the PBO Cholame long baseline
strainmeters located 3 km to the south west. A special event data set will be generated and made
available. 8) Data from TLS PI projects continue to be added to the archive as projects are completed,
with approximately a 55 GB of TLS data added this quarter. 9) UNAVCO continues to support the
WInSAR community with tasking, acquisition and archiving of SAR data from the international space
agencies. A focus on this and the following quarter is upon developing WInSAR tasking and usage
arrangements with DLR for TerraSAR-X data. 10) Development of Cyberinfrastructure focused on
implementation of simple web services for EarthCube-related applications continued with an emphasis
on consistent structure across participant groups. 11) development of the first version of the
“Dataworks” software system for GPS/GNSS data and metadata management was completed with plans
for it to to be installed at international partner institutions for COCONet and TlalocNet. The training of
partner data managers from both projects took place at UNAVCO in December, 2014. 12) the number of
continuously operating stations with data in the archive passed 3,000 stations.
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 SERVICES: SUMMARY OF KEY METRICS
Campaigns Archived - All Sensors (Qty)
Permanent Stations Archived - All Sensors (Qty)
Data Volume Archived - All Products (GB)
Data Volume Delivered - All Products (GB)
PBO Data Volume Archived - All Products (GB)
PBO Data Volume Delivered - All Products (GB)
CAMPAIGNS ARCHIVED (QTY)
GPS
TLS
PERMANENT STATIONS ARCHIVED (QTY)
GPS - All sample rates and delivery methods
GPS High Rate (1-Hz and Higher)
Delivered via Stream
Delivered via Download, Continuous
Delivered via Download, Intermittent
Seismic
BSM
Tilt
Pore
LSM
TOTAL STATIONS W/ DATA MAINTAINED IN ARCHIVE (QTY)
GPS - All Stations with Data
GPS - All Campaigns with Data
GPS - All Permanent Stations with Data
Seismic

GAGE FY2-Q1
6
2,851
6,799
14,742
4,563
9,947
GAGE FY2-Q1
4
2
GAGE FY2-Q1
2,632
646
425
170
54
83
81
26
23
6
GAGE FY2-Q1
12,695
955
3,088
84
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BSM
Tilt
Pore
LSM
DATA VOLUME ARCHIVED (GB)
GPS - All sample rates and delivery methods
GPS Standard Rate
GPS High Rate
GPS Data Products (Level 2 and higher)
Seismic
BSM Raw Data
BSM Data Products
Tilt
Pore
LSM Raw Data
LSM Data Products
SAR
TLS
DATA VOLUME DELIVERED (GB)
GPS - All sample rates and delivery methods
GPS Standard Rate
GPS High Rate
GPS Data Products (Level 2 and higher)
GPS Real Time Streams
Seismic
BSM Raw Data
BSM Data Products
Tilt
Pore
LSM Raw Data
LSM Data Products
SAR
TLS
DATA USERS (MONTHLY AVERAGE, QTY)
GPS Standard Rate (unique IP's)
GPS High Rate (unique IP's)
GPS Data Products (unique IP's)
GPS Real Time Streams (active registered users)
Seismic (2nd level domains)
BSM Raw Data (2nd level domains)
BSM Data Products (2nd level domains)
Tilt (2nd level domains)
Pore (2nd level domains)
LSM Raw Data (2nd level domains)
LSM Data Products (2nd level domains)
ALS (unique users reported by OpenTopography)
SAR (active registered users)
TLS (unique IP's)
CUSTOM HIGH RATE GPS DATA REQUESTS THIS PERIOD (QTY)
Event response
Total
NSF & NASA COMMUNITY SOFTWARE (QTY)
TEQC downloads

82
27
23
6
GAGE FY2-Q1
4,871
1,020
1,773
2,078
294
90
3.0
1
2
3
0.056
1,480
55
GAGE FY2-Q1
11,340
5,952
1,070
1,491
2,827
2,366
35
47
1.4
61
0.1
0.2
844
47
GAGE FY2-Q1
1,788
36
149
67
69
35
14
3
7
8
9
104
20
9
GAGE FY2-Q1
1
3
GAGE FY2-Q1
11,415
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TEQC information requests
ISCE downloads
Table 3-2. Geodetic data metrics for PBO network.
PBO DATA VOLUME ARCHIVED (GB)
PBO GPS
PBO GPS Standard Rate
PBO GPS High Rate
PBO GPS Data Products (Level 2 and higher)
PBO Seismic
PBO BSM Raw Data
PBO BSM Data Products (Level 2 and higher)
PBO Tilt
PBO Pore
PBO LSM
PBO LSM Data Products (Level 2 and higher)
PBO DATA VOLUME DELIVERED (GB)
PBO GPS
PBO GPS Standard Rate
PBO GPS High Rate
PBO GPS Data Products (Level 2 and higher)
PBO GPS Real Time Streams
PBO Seismic
PBO BSM Raw Data
PBO BSM Data Products (Level 2 and higher)
PBO Met
PBO Tilt
PBO Pore
PBO LSM Raw Data
PBO LSM Data Products (Level 2 and higher)

300
173

GAGE FY2-Q1
4,192
481
1,633
2,078
272
90
3.1
1
2
2.8
1.8
GAGE FY2-Q1
7,427
2,034
1,070
1,496
2,827
2,367
35
45
10.7
1.4
61
0.1
0.2
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Figure 3-1. Cumulative total UNAVCO data archived from 01 January 2004 through 31 December 2014.
More than 150 TB of data were archived during this time.

Figure 3-2. Cumulative PBO data delivered from 01 October 2004 through 31 December 2014. More than
185 TB of PBO data were delivered to users during this time.
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Figure 3-3. Number of UNAVCO data users by quarter from 01 January 2009 through 31 December
2014, including ~2,400 users this quarter. The method of counting users varies by data product, for
example by unique IP address, second level domain or active registered user. Values in this figure are
consistent with the user count method given in the Data Users section of Table 3-1.

3.2 DATA OPERATIONS AND MANAGEMENT
3.2.1 Network Data Flow
Network data flow includes data and metadata management from the field to the Boulder operations
center, a critical activity in support of data archiving and distribution (for related performance metrics,
see Table 3-1). Staff with responsibilities for data and metadata flow focus on timely handling of
operational flow and any issues as they arise. Operational capabilities are addressed on a best-effort
basis.
Data flow from the GPS Trimble Pivot Real Time systems is set up such that more than 440 stations can
be delivered as hourly files in BINEX format for archiving. During this quarter, recurring problems were
identified involving the BINEX files delivered that needed software workarounds to be coded in order for
archiving to proceed. The problems addressed were: (1) file sizes of ~20 GB when a normal hourly 1 Hz
BINEX file is ~10 MB; (2) erroneous antenna heights not encoded in the receiver reported sporadically
within the metadata; and (3) file naming inconsistent with the file contents (name should accurately
reflect the start time of the file. The fix was completed.
During Y2Q1, the data operations and archiving teams downloaded of high rate data from 19 stations in
response to the 14 October 2014 M7.3 Jiquilillo, Nicaragua earthquake. The ability to perform this
download quickly was hampered by the heterogeneity among the receiver configurations at a number of
stations. We are addressing this in two ways in order to be better prepared for future events. For those
stations within COCONet that are capable of being transitioned into the PBO data flow system, this
transition was completed this quarter. For those receivers that cannot be transitioned to PBO data flow
we are working with GI staff to determine standard session configurations that will support more rapid
event downloads. In support of GI staff metrics reporting, scripts for reporting data completeness were
written.
Marc Nakowiz was hired in December to fill a vacancy in the Software Engineering and IT group. Marc
will be working on enhancements and supporting the Metadata Management system used for collecting
information on stations supported by UNAVCO. He will also receive training in data flow and web
services software where he will act as backup for the primary developers.
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A metrics automation process was started in mid-October to automate the collection and reporting of
data operations metrics. Initial development efforts began with the gathering of real-time GPS metrics.
Efforts included the gathering and persistence of the metrics in a database on a daily basis. Initial
development work was also performed to display these metrics within the UNAVCO website. The plan is
to automate all metrics gathering, produce automated reports and provide data operations metric
querying capabilities through a web interface.
In December, UNAVCO staff began the deployment of 10 additional accelerometers in the San Francisco
Bay area. Prior to the start of these deployments, UCSD-SIO-IGPP discovered some issues within the
communication hardware used with the accelerometers. Firmware changes were made to address these.
Several problems were found within UNAVCO’s accelerometer data collection software when random
but expected network communication failures were experienced. This software also supports the
capability to send data to connected clients. Unanticipated behaviors by these clients can also cause data
collection to lock up. After extensive testing, software changes were deployed to address the
communication failure scenarios and to prevent clients from locking up the data collection. Additional
changes were deployed later to reset the GPS week within the accelerometers after being reset.
The task to have periodic offsite backups of system software and database transactions stored at the
FRII co-location site started in the previous quarter was completed in mid-November. As a result,
UNAVCO pulled all equipment previously located in the Socorro facility computing and shipped all
equipped that could be reused back to Boulder. All remaining equipment was picked up by a local
certified computer equipment recycler.
3.2.2 Campaign Data Flow
Data flow for GPS campaigns was minimal again this quarter with an average of just over 1 campaign per
month handled (Table 3-1). There were no maintenance or improvements to GPS campaign data flow for
the quarter. Two TLS campaigns were archived this period via the RAMADDA system.

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 1,871 GPS stations in the PBO, COCONet, GAMA and SCIGN
networks as well as NGS CORS and other regional stations in middle and eastern North America.
Routine data processing and product operations were stable this period. High rate (1-Hz and 5-Hz) GPS
data were provided in response to events and custom requests described in section 3.3.1.5.
The major reprocessing effort initiated by the AC’s and ACC in 2012 was fully and successfully completed
this quarter. All issues related to the height anomalies and processing artifacts introduced in earlier
stages of the reprocessing effort have been resolved. All updated combined products were transferred to
UNAVCO.
A new GPS data products web page was added: http://www.unavco.org/data/gps-gnss/derivedproducts/ derived-products.html. This page provides direct links to documentation, the actual
processing files used by the AC’s and ACC, ACC technical reports and direct links to products. This page
will be updated with additional key resources in the coming quarter.
3.3.1.1 GPS Analysis Center Subaward: Central Washington University
● Switched routine generation of final products, including and 12- and 26-week supplemental solutions,
to AR-PPP using JPL products and WLPB estimates. All product generation was stable.
● Switched to 2nd-order ionosphere estimates following corresponding changes in JPL products.
● Made refinements to reporting of metadata provenance tracking.
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● Initiated a systematic comparison between CWU and JPL GIPSY solutions to better understand the
provenance of subtle differences.
● Completed processing the backlog of supplemental runs to fill the gap between the end of the reanalysis run and the present 3 and 6-month lag.
● Debugging some of the corrupted time series displayed by a small number of stations during the
reanalysis time period.
3.3.1.2 GPS Analysis Center Subaward: New Mexico Tech
● Replacement of the AC computer server cluster lost in Y1Q4 was significantly delayed due to
insurance, manufacturing, and shipping issues. The final shipment of equipment was received in late
December 2014.
● Installation of the new computer equipment in a campus computer server room was started in the
final week of December, and is scheduled to be completed in early January.
● Generation of rapid and final products was accomplished using a combination of borrowed
equipment and some of the servers salvaged from the damage that occurred in Y1Q4. However, some
of the damaged servers began to become unstable in December, further hampering the routine
generation of products.
● Due to the server issues, routine generation of rapid and final products, including and 12- and 26week supplemental solutions, became unstable in December. These issues should be resolved when
the new server cluster is fully installed in mid-January 2015.
● Performed incremental upgrades to GAMIT/GLOBK analysis package version 10.5, primarily to
accommodate new satellite launches, and to better model general relativity effects.
● Five new stations, mostly associated with the CoCoNet project, were added to the processing.
● The NMT AC director helped to present GAGE results and attend a GAGE GPS Analysis meeting at
the Fall AGU Annual Meeting.
3.3.1.3 GPS
Technology

Analysis

Center

Coordinator

Subaward:

Massachusetts

Institute

of

Level 2 Products. Routine combination of final and rapid level 2a products was stable, including and 12and 26-week supplemental solutions. During this quarter 1,871 sites were processed. Toward the end of
the quarter, the finals, 12-week and 26-week supplemental runs were late to be delivered due to the
cluster failures at NMT. Statistics reported cover the period between 15 September 2014 and 22
November 2014. This end date is earlier than would be normal but cluster installation and failures at the
NMT analysis center delayed the submission of solutions.
Analysis of Final Products. For the three months of the final position time series generated by NMT,
CWU and combination of the two, MIT fit linear trends and annual signals and compute the RMS
scatters of the position residuals in north, east and up for each site in the analysis. The median horizontal
RMS scatter is less than 1.1 mm for all centers and as low as 0.8 mm for NMT and PBO north
component. The up RMS scatters are less than 4.4 mm and as low as 3.2 mm. These statistics are similar
to last quarter. It is encouraging to see that in heights, the combined solution has smaller WRMS than
either of the two input series. In the NAM08 frame realization, scale changes are not estimated.
Snapshot Velocity Field Analysis. MIT generated monthly and quarterly “snapshot” velocity fields in the
NAM08 reference frame based on the time series analysis of all data processed to that time. Velocity
estimates were generated for the reprocessed results and the current GAGE analyses that are in the
NAM08 reference frame. This quarter there were 2084 sites, 10 more than last quarter, in these
analyses. In this analysis, offsets are estimated for antenna changes and earthquakes. Annual signals are
estimated and for some earthquakes, logarithmic post-seismic signals are also estimated. A direct
comparison of the NMT and CWU solutions shows the weighted root-mean- square (WRMS) difference
between the two velocity fields is 0.10 mm/yr horizontal and 0.36 mm/yr vertical in direct difference of
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all sites with in 0.5 meters of each other (2092 comparisons). Detailed presentation and discussion of
these and other statistics are provided in the full MIT quarterly report available from the UNAVCO
website. Notable additions to the full MIT report this period included 1) a new an analysis of the sites
with large position RMS and efforts to associate processes with the higher RMS values and 2) a new
velocity map that shows the motions between Yellowstone and Cascadia subduction zone (Figure 3.4).

Figure 3-4. Map of velocity field estimates in the western central United States from the combined GAGE
GPS solutions generated using time series analysis and the FOGMEX error model. 95% confidence
interval error ellipses are shown. Only velocities with horizontal standard deviations less than 1 mm/yr
are shown. Vector colors indicate network codes (yellow=PBO Core, pink=PBO Expanded, blue=PBO
Nucleus). Additional information is provided in the full MIT GAGE quarterly report available from the
UNAVCO website. Anomalous vectors at longitude 250o are in the Yellowstone National Park and most
likely are showing volcanic processes. The PBO sites P711 and P713 in Yellowstone show anomalous
velocities.
Earthquake Analyses. The NEIC catalog was used to search for earthquakes that could cause coseismic
offsets in the solution. No significant offsets were found this period although there may be a height signal
associated with a M4.2 earthquake 4 km south of San Juan Bautista on 2014-11-20; station P235 sits
almost directly above the reported hypocenter.
A number of other ancillary issues were investigated and reported during this quarter including 1) there
were 18 antenna changes investigated, 2) metadata updates were made, and 3) a new section was added
listing unknown cause discontinuities and data edits to the GAGE analyses. Details are provided in the
detailed MIT quarterly report.
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MIT added a new format conversion to tscon (the program that converts different Cartesian time series
files available from JPL, UNR and USGS to PBO format) to allow the conversion of the NASA
MEASURES combined time series. The common files can then be compared in tsview and parameter fits
made with tsfit. We have added a Kalman filter option to tsview (Matlab) and tsfit (Fortran) programs.
The process noise models for the Kalman filter are based on the same algorithms to generate the random
walk process noise values used in globk. MIT is currently updating the GGMatlab web site with the new
tsview executable programs for UNIX and Mac OSX systems. All these programs are part of the
GAMIT/GLOBK distributions or will soon be added to the incremental_updates directory.
3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of
Technology
During this quarter MIT continued the modifications to support GNSS observations other than GPS. The
initial code will allow only one type of GNSS at a time to be processed with GAMIT, but the solution (h-)
files from the GAMIT processing can be combined in GLOBK, thus allowing multiple-system
contributions to the estimation of site coordinates. MIT plans to complete the structural changes early in
the next quarter and then work on system-specific models for the satellites' motion and yaw. During this
quarter MIT added support for five receivers and six antennas, and continued to update files containing
precise a priori coordinates and discontinuities for over 1800 global continuous tracking stations, and
global grid files for atmospheric loading and meteorological data. There were no UNAVCO-sponsored
data-analysis workshops during this period. MIT spent 5-10 hours per week in email support of users.
During the quarter MIT issued 21 royalty-free licenses to educational and research institutions, including
one to a US university department (NCALM at the University of Houston).
3.3.1.5 Custom GPS Data Product Requests
UNAVCO supported a total of three custom data requests for high rate (1-Hz and 5-Hz) GPS data
downloads this period. One of these requests were in response to a geophysical event, the M7.3 - 74 km S
of Intipuca, El Salvador 2014-10-14 (a.k.a. the Jiquilillo, Nicaragua earthquake). Non-event data
requests for high rate GPS data supported regional airborne LiDAR missions for NCALM projects as well
as a regional FAA project.
3.3.2 Strain, Seismic and Tiltmeter Data Processing and Products
UNAVCO processes data and provides products for borehole strainmeters, seismometers and tiltmeters
in the PBO network. Routine data processing and product operations were stable this period. Fully
processed high rate (1-sps) borehole strainmeter data sets were generated in response to the 2014-10-14
M7.3 Intipuca, El Salvador earthquake. These data were made available within 24 hours of the event and
were posted on the Geophysical Event page.
For the third time since its installation in October 2006, PBO BSM B079, the Jack Canyon strainmeter in
the Cholame area of Parkfield recorded a slow-slip type event. In December 2014 an accumulation of
~15 nanostrain occurred over four days in the Eee-Enn shear strains. This event was also recorded also
recorded by the PBO Cholame long baseline strainmeters located 3 km to the south west (Figure 3.5). A
special event data set will be generated for the event.
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Figure 3-5. Level 2 processed data from B079. Vertical dashed lines indicate the event. Blue and red
traces indicate shear strains, the black traces are the residual signal after the trends, tides and
barometric pressure signal has been removed.
UCSD, through a subaward managed by UNAVCO, processes data and provides products from the long
baseline laser strainmeter network described in section 2.2.1.3. Data acquisition, editing, and archiving
operations were normal this period, with the only issues being related to ongoing LSM main-laser
instrument maintenance problems. Data from this period were particularly noteworthy for the extended
transient-deformation signals recorded at Durmid Hill (along the San Andreas Fault) as initially
reported last quarter, Salton City (San Jacinto Fault), and Cholame (San Andreas Fault).
3.3.3 Meteorological and Hydrologic Data Products
Meteorological data are collected together with GPS/GNSS and other geophysical data in order to
enhance the datasets, improve network monitoring, and provide additional information for
interpretation of deformation signals. Temperature, humidity and barometric pressure data collected at
GPS stations are available directly from the GPS RINEX files. Routine product operations were stable.
Documentation and metrics related to new hydrologic loading data products continue to be developed.
3.3.4 LiDAR – Terrestrial and Airborne Laser Scanning
UNAVCO provides TLS data services and products including basic data processing, data management
and data archiving. The standard UNAVCO TLS deliverable is a merged, aligned, georeferenced point
cloud, which is accompanied by pertinent metadata products such as site photos, meteorological
information, field notes and other ancillary project information. TLS data support is further described in
section 3.4.4, LiDAR data management and archiving. EarthScope ALS data products are supported by
OpenTopography; metrics are reported to UNAVCO. No new ALS data product activities have been
performed to date under the GAGE CA.

3.4 DATA MANAGEMENT AND ARCHIVING
UNAVCO’s participation in community activities that provide leadership for data standards and
practices was a focus during this quarter. Staff attended an AGU and NSF sponsored workshop that
resulted in the formation of the Coalition on Publishing Data in the Earth and Space Sciences. The
mission of this group is to coordinate the efforts of publishers, data repositories, and sponsors in support
of open data and of facilitating the easy retrieval of data from recognized repositories when those data
are the basis for research publications. UNAVCO intends to sign on to the initial Statement of
Commitment, due for release in January, 2015. UNAVCO completed an application to become a regular
member of the ICSU World Data Systems. The WDS is committed to open data access, fostering data
standards, and ensuring long-term data stewardship. Response to the application is pending. UNAVCO
also was accepted for membership in the Earth Science Information Partners Federation; ESIP consists
of agency, academic, and private institutions that work to establish standards and build tools for data
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and metadata access and preservation in the Earth sciences.
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, 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 40
stations added for archiving; added stations were from CAP Andes – Bolivia, HoustonNet, TLALOCNet,
COCONet, Antarctica PI, Antarctica POLENET, Southern California (USGS), and Volcano (USGS)
networks.
The handling of high volume products for archiving continues to be an area where we are seeking
improvements in infrastructure capabilities. In FY14 we had instituted a new mechanism for data
dropoff for the large volume of reprocessed products that were being handled; this mechanism included
setting up virtual machines that utilize the SAN storage system. A drawback of this move has been the
relative slowness of the I/O on the SAN storage compared to local storage used in non-VM data
handling. A plan involving purchasing disks for a recently retired but still powerful database server so
that we can use local storage has been conceived and we are working on setting this up.
Another area where we are seeking improved performance is in the data and product delivery using the
Unidata Local Data Manager (LDM) software. Recent tests with the latest version of this software are
showing promise for removing a significant pitfall of the earlier software’s memory mapping
dependence.
The TEQC software continues to be enhanced according to UNAVCO archive operational needs and
Development and Testing staff needs and also external user bug reports or requests.
The metrics in Table 3-1 document the data volumes archived and delivered. Metrics notes for the
quarter:
●
●
●
●
●
●
●

The archiving of the reprocessed GPS analysis products continues to impact the associated
metrics, as was the case in the previous three quarters.
The total volume archived this quarter is lower than the previous quarter, but that quarter
encompassed an unusual high volume for both products due to reprocessing.
The volume delivered for high rate data is lower than Y1Q4, but higher than previous quarters in
Y1.
The volume of products delivered was anomalously high this quarter due to hundreds of GB
downloaded by just a few customers, including academic institutions and one unregistered IP.
The volume delivered for standard rate data was quite high in October (3 TB) but fairly normal in
November and December (1.3-1.5 TB); in October, ucar.edu picked up over 1 TB.
The volume of met data delivered was higher than normal in December due to a large download
by a single IP (verizon.net); about half of all met files available were downloaded by this user.
Standard rate data deliveries continue to be the highest volume category for archived GNSS
deliveries (other categories tracked are high rate and products).

3.4.2 Real-time GPS Data Flow and Management
UNAVCO provides high-rate (1 Hz), low-latency (<1 s) GPS data streams (RT-GPS) from approximately
458 stations including 415 PBO (Core and Cascadia), 4 TLALOCNet and 39 COCONet stations.
In December 2014 Trimble released a firmware upgrade for NetR9 receivers. The new firmware uses a
UDP based protocol for data transmission whereby data packets are sent to a remote host. Once the host
acknowledges receipt of the data packet it is discarded. The system will try to retransmit
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unacknowledged packets for a period of time, if it fails to transmit the data it is then stored locally in a
buffer. This new data transmission protocol has the potential to improve the completeness of the RTGPS
data set. The new firmware has been installed on a RTGPS test receiver in Boulder in December and it is
currently streaming data to an Amazon Cloud Server for testing by Trimble and monitoring the impact
on latencies and completeness by UNAVCO.
RT-GPS data users are classified into three groups: academic, commercial and government. Commercial
users were the largest group to access RT-GPS in each month of the quarter but government agencies
and nonprofit consortia collectively downloaded the largest volume of data (Figure 3-6). As in previous
quarters, commercial users formed the largest group of users both in terms of being registered and being
active but the government agency and nonprofit consortia downloaded more data in each month of the
quarter.
As part of a review of the reporting statistics for RTGPS, all UNAVCO staff have been removed from the
user number counts and data downloaded by UNAVCO has been removed from the download volumes.
This had some impact on the number of registered Academic users as most UNAVCO staff had been
placed in that category. However, there was little change in the number of active users as most UNAVCO
staff were not active. Similarly there was little impact on the data downloaded volumes.

Figure 3-6. Real-time GPS data users. Registered data users are all of the users who have been given
access to RT-GPS data streams since inception. Active data users are those who actually accessed data
streams this quarter. Commercial users were the largest group of registered and active users this quarter.
The five sites with the greatest volumes of data downloaded were P059 Point Arena, California, P041
Boulder, Colorado, P475 at Point Loma, CA, P365 in Coos Bay, Oregon, P387 Sisters, Oregon. Across
the network, 410 sites were accessed by the academic community, 219 by commercial entities and 309 by
government and nonprofit consortia. 169 sites were accessed by all three user groups; academic,
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commercial and government plus nonprofit consortia (Figure 3-8). The number of sites accessed by all
data user types increased in GAGE Y2Q1 compared to Y1Q4.

Figure 3-7. Total volume downloaded from sites in the western US through GAGE Y2 Q1.

Figure 3-8. GPS sites in the western US from which data were accessed by all users types.
3.4.3 Borehole Geophysics Data: Strain, Seismic, Tiltmeter, Pore Pressure
Metrics for data archiving and delivery volumes this period, as well as unique users, are summarized in
Table 3-1. No unusual trends in strain, tiltmeter, and pore pressure data metrics were observed this

46

quarter compared to previous quarters. There was a spike in seismic data deliveries in November
attributable to a user from the University of Rhode Island.
UNAVCO staff worked with colleagues at the IRIS DMC and the NCEDC to test the new non-proprietary
seismic data distribution system. The new SEEDLink server has been in operation at UNAVCO since late
August 2014. A three-way data comparison was conducted by UNAVCO staff comparing data
completeness timestamps and data values between data delivered to NCEDC using the new SEEDLink
server, data delivered to IRIS via the old Antelope server and the data held at UNAVCO. No differences
in completeness, timing or data values were found between the three data centers. Time checks were
done out to one tenth of a millisecond. IRIS plans to transition from the Antelope to the SEEDLink
system in the coming months.
3.4.4 LiDAR – Terrestrial and Airborne Laser Scanning Data
Data from TLS PI projects continue to be added to the archive as projects are completed, with
approximately a 55 GB of TLS data added this quarter. Approximately 46 GB of data have been
downloaded from the TLS archive by 26 unique users.
The TLS Data Engineer, working with the part-time TLS Technician, is working to populate metadata for
legacy TLS data sets in the UNAVCO archive. Considerable effort has been made in the production of a
standard TLS metadata schema that will define the structure for all TLS data collected by UNAVCO.
Included in the schema are also conventions for data and product naming and organization on disk. A
new tutorial has been developed to walk field engineers through the process of correctly formatting and
uploading their data to the TLS archive staging area for ingestion.
Another area of focus for TLS data support is improving access to software required by community
members to process and analyze TLS data. The TLS Data Engineer, with support from UNAVCO SAs,
maintains a software license server and is working to improve documentation on accessing and using
these software packages. Available software includes four seats of Leica Cyclone, 20 seats of Riegl’s
RiScan Pro, ten seats of Blue Marble’s Geographic Calculator, 10 seats of ArcGIS, three seats of Quick
Terrain Modeler, 10 seats of Polyworks, and five seats of Trimble Business Center.
In order to improve communications with UNAVCO supported TLS PIs, a new announcement listserv
has been created: “tls-updates”. This list will be used to notify UNAVCO TLS community about new
software availability, data archive updates, community events (e.g., short courses) of interest, and to
solicit feedback on things such as recent publications. We plan the first message to the community in
Y2Q2.
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by
OpenTopography this quarter: 104 unique users accessed point cloud and raster terrain products during
Y2Q1, downloading 286 GB of data.
3.4.5 SAR Data
UNAVCO manages two tasks in support of SAR Data: the archive and GEO SuperSites.
3.4.5.1 SAR Archive
UNAVCO has managed the SAR Archive since 2005, with significant recent enhancements under a
supporting NASA award. Under GAGE, UNAVCO orders European Space Agency (ESA) and DLR scenes
in response to WInSAR user requests. In addition, the WInSAR Executive Committee and UNAVCO
arranged for a tasking quota with DLR for use by WInSAR. WInSAR user requested tasking orders for
the TerraSAR-X mission have been placed on a regular basis. UNAVCO has also begun archiving of
WInSAR community TSX data in the UNAVCO SAR Archive. UNAVCO also manages access to the ISCE
SAR data processing software package for all members of the WInSAR Consortium.
SAR data metrics are shown in Table 3-1. There was a significant increase in the volume of SAR data
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archived in December 2014 due to temporary Sentinel-1 holdings. With the recent release of Sentinel-1
data from ESA, UNAVCO is temporarily downloading SLC data products to make them available to the
WInSAR community. Once these data become available via NASA at the Alaska Satellite Facility,
UNAVCO expects to no longer need to maintain these data.WInSAR scenes from ESA are available
without cost under their open data policy. TSX data access is restricted to Co-PIs associated with a
specific science proposal approved by DLR.
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, 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 both COSMO-SkyMed,
RADARSAT-2 is restricted to collaborators on proposals, similar to the system in place with TSX data.
UNAVCO’s SAR data holdings are backed up to cloud-based systems. ESA is the primary archive for
ERS-1, ERS-2, 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 backing data up to
Amazon Glacier, a commercial cloud storage system. This approach ensures both a complete offsite
backup of the full UNAVCO SAR archive while minimizing redundancy of data backups.
3.4.5.2 GEO SuperSites
For the GEO Supersites and Natural Laboratories initiative, UNAVCO provides data ordering (from the
European Space Agency), together with data management (download and repackaging) of the orders
received, and upload of the orders to the ESA supported cloud storage (Level 4 archive). In addition to
this operational data management activity, UNAVCO provides web site content management and hosting
for the Supersites main page and for Supersite Event pages.
As noted above, UNAVCO now supports TSX, COSMO-SkyMed, and RADARSAT-2 data collected under
the Supersites initiative. For these datasets, the list of PIs with access to the data include international
collaborators as well as WInSAR community members. To address this expanded community of users
and associated access constraints, we’ve made several modifications to the WInSAR Portal system to
allow registration by international partners.
Building on the successes of UNAVCO’s ongoing NASA ROSES ACCESS funded work to develop a
Seamless SAR Archive (SSARA), UNAVCO staff members have been engaged in discussions with the
European SAR community (DLR, ESA, CEOS, etc.) regarding federated access to data, data processing
environments, and metadata and product formats. The goal is to leverage the SSARA work to build
federated access to data hosted by the space agencies that participate in Supersites. In the past quarter,
federated query for Supersites SAR data (ESA’s Virtual Archive 4 and DLR’s TerraSAR-X Archive) along
with data at the Alaska Satellite Facility and UNAVCO has been implemented: http://webservices.unavco.org/brokered/ssara/. Also this quarter, a protoype federated data viewer showing GPS,
SAR, and seismic data using SSARA, UNAVCO GSAC and IRIS FDSN web services (http://webservices.unavco.org/brokered/ssara/ PROTOTYPE_FEDERATED_VIEWER/hawaii) was released.

3.5 CYBERINFRASTRUCTURE
Several projects are in progress to expand the cyberinfrastructure capabilities of UNAVCO’s geodetic
data systems. We are collaborating on the NCAR-led EarthCube Building Blocks award “Enabling
Scientific Collaboration and Discovery through Semantic Connections” based on the Cornell-developed
“VIVO” semantic web ontology and web presentation software. A Software Engineer was hired who will
start in January, and will support this effort as well as other GDS activities. A Content Specialist was also
hired who will collaborate closely with the software engineer. Project telecons, meetings at AGU, and the
user workshop at AGU have help shape the strategy for software development and content delivery once
the new staff is on board.
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The first release of the Dataworks for GNSS software system was completed. While the first deployment
of this software system is for the COCONet and TLALOCNet projects, the system is intended for any
interested GPS/GNSS data center. Dataworks for GNSS currently consists of five components: database,
receiver download controller, data file ingestion scripts, GSAC web services and web interface, and
mirroring scripts allowing metadata and data synchronization with another GSAC operator. This system
has been installed on the servers for shipping to the Regional Data Centers in Colombia, Barbados, and
Nicaragua for the COCONet project, and Mexico for the TLALOCNet project. The Regional Data Center
operators were in Boulder in December for three days of training on the Dataworks software. As part of
gathering feedback prior to finalizing development and preparing for training for the Regional Data
Center operators, in November Doerte Mann, from the Southern California field office, was recruited to
receive intensive training and testing of the system, which was refined based on her feedback prior to the
training of the Regional Data Center operators.
In the two years since completion of the NASA ACCESS GSAC-WS project, development of the GSAC
software has focused on simplifying installation for data centers as part of the COOPEUS project and,
more recently, for the needs of the Dataworks for GNSS and Regional Data Center efforts. Some of the
libraries upon which GSAC depends that are obtained from external entities had not been updated since
the close of the NASA project. This quarter, all of the dependent libraries having recent releases were
updated within GSAC and the codebase was compiled using the latest stable release of Java (1.7). We
continue to augment the metadata output formats in response to user requests, including to support the
iPhone tool for UNAVCO field engineers, and for scientists using output formats such as SINEX.
UNAVCO support to NASA under GAGE includes development of the IGS Site Log Manager tool.
Software staff over the quarter focused on responding to user requests for SLM functionality fixes and
enhancements, and on supporting the migration of the IGS Central Bureau web site to a server in the
cloud.
UNAVCO is also spearheading an effort to move IGS forward with automated exchange metadata among
IGS data centers using XML. The IGS Governing Board meeting at AGU was fruitful for informal
discussions on this topic with representatives of data centers in Europe and Australia; some planning for
next steps was accomplished.
Development work on enhancements to existing UNAVCO web services has continued into this quarter,
followed by releases made available to the public. Several of these enhancements came from
requirements imposed by UNAVCO participation in the IRIS-led EarthCube Building Blocks award
“Deploying Web Services Across Multiple Geoscience Domains”. Also working jointly with ESSI Labs to
develop the capability to retrieve UNAVCO metadata within their GI-CAT tool. The code supporting the
internal and external web services that UNAVCO supports was refactored and put into a common
development area so that common functions could be shared and to help reduce overall development
time for future web services.
UNAVCO continued to provide support for enhancements to the EarthScope web site. One major
enhancement was delivery of a web page showing mapping of all arrays and GPS stations that
EarthScope has responsibility for. On the UNAVCO web sites, a standard gadget for tables was adopted
and implemented across all station pages. This eliminated many issues reported with the multiple
gadgets previously used. Conversion of the DAI-v2 to unavco.org and a major refactoring of the
software used to display the station pages took place this quarter. This will help reduce development
time for future changes and maintenance activities. Google dropped support for their Maps/Flex API in
November. As a result DAI-v2 needed to be changed to use ESRI maps until the DAIv2 is supported
within the unavco.org environment. At that time, DAI-v2 will be modified to use Google Maps. Support
for the TLALOCNET project and its associated stations within unavco.org was added on the
Instrumentation page.
An upgrade to the Confluence documentation system was completed. Included in this upgrade effort,
was a migration to Microsoft Active Directory for authentication purposes. This gets UNAVCO closer to
going to a single authentication server across all platforms. Work was started this quarter to move all
documents stored in a document management system, Knowledge Tree, to a cloud-based document
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management system with the same name. In addition, work was also started to move all documents from
a defunct open sourced project titled Knowledge Based to a commercially supported version of this
product by the same name.
A trial of Google mail service began in this quarter in hopes of replacing the current Kerio Mail servers
that are currently supported by IT resources at UNAVCO, after consultation with UCAR. Google
Calendaring may also be used to replace the current UNAVCO calendaring system, freeing up IT
resources for other priorities. We anticipate that UNAVCO can use the service under a nonprofit
agreement that will allow unlimited storage for an annual fee of $1000. A trial of Google calendar will
start early in 2015.

3.6 GDS PROGRAM SUMMARY
The Geodetic Data Services program continues to provide a growing set of diverse data sets and derived
products for a wide range of observing systems to the community of contributors and users. GDS collects
and monitors 89 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 Y2Q1 campaigns and permanent stations archived, data volumes archived and
delivered are generally similar to prior quarters. The total data volume delivered is grew slightly to
14,742 GB with the volume of data archived this quarter at 6,799 GB. The total volume of data in the
archive (all sensors) is now over 150 TB. The estimate of the number of unique users is approximately
2,300. GDS staff continue to engage with and in many cases provide a leadership role in the broader data
community through activities such as TLALOCNet, COCONet, COOPEUS, EarthCube, IGS, World Data
Center, NASA ESDSWG, and ESIP.

4. Education and Community Engagement
4.1 OVERVIEW
The Education and Community Engagement (ECE) program supports professional development
activities for community scientists and teachers, develops and disseminates geodesy-focused education
materials, supports geo-workforce development, and provides 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.
ECE continues to keep UNAVCO active in social media with increased impact on Facebook (168 new
Likes in Y2Q1 generated from 188 posts) and YouTube (3 additional videos added with over 7,000
minutes of UNAVCO videos viewed during the quarter). ECE develops products to compliment the
Facility Products identified in section 1.2.5. ECE products may include videos, curriculum materials,
flyers for community events, EarthScope InSight article contributions, newsletters and public displays.
During Y2Q1 ECE produced 3 new products: PBO-52 playing cards, Insights winter article on PBO, and a
flyer for the 2015 Polar Technology Conference.

4.2 PROFESSIONAL DEVELOPMENT
Through professional development activities, ECE supports the community that uses UNAVCO
supported tools, data, and instrumentation and broadens UNAVCO reach through technical training,
educational workshops, and online resources. During GAGE Y2Q1 we supported community training and
education and hosted one community workshop.
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The short course “Introduction to Terrestrial Laser Scanning (Ground-Based LiDAR) for Earth Science
Research” presented at the GSA Annual Meeting was fully subscribed with 35% of participants being
undergraduate or graduate students (Table 4-1). UNAVCO provided financial support to the students
who participated. The course focused on TLS technology, data collection, processing and analysis, and
examples of science applications. Instruction was a combination of lectures and hands-on
demonstrations of TLS equipment and data processing. The course was taught by C. Aiken (University of
Texas at Dallas) and UNAVCO staff C. Crosby and M. Okal
Table 4-1. Audience breakdown of TLS short course offered at GSA.
Introduction to Terrestrial Laser
Scanning (Ground-Based LiDAR) for
Earth Science Research, October 2014

Audience

# Participants

Researchers + Research Faculty

15

Graduate Students

5

Undergraduate Students

3

TOTAL

23

Figure 4-1. UNAVCO TLS data engineer Marianne Okal demos terrestrial laser scanning at the UNAVCO
booth at GSA 2014 in Vancouver, B.C. (Photo/Beth Bartel, UNAVCO)
Two education workshop taught by S. Olds, N. West and V. Cronin provided professional development
for teachers (Baylor University). The Crunching of Cascadia: Discovering Deformation with Data
provided teachers with resources to teach about convergent plate margins with GPS data. Yellowstone
National Park as a Hotbed for Inquiry presented a data-rich learning activity including the region’s
eruption history, hydrothermal activity, seismicity, GPS, LiDAR, INSAR, and seismic tomography. The
teacher professional development at GSA was impactful demonstrated by a participant sharing thanks
via social media (Twitter) (Figure 4.2.)
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Figure 4-2. A thank you-tweet from and educator who attended the October GSA Yellowstone short
course.
Professional development for teachers was conducted at the Fall Meeting of the AGU. S. Olds and D.
Mencin (GI) presented Yellowstone National Park as a Hotbed for Inquiry. In this Geophysical
Information for Teachers (GIFT) Workshop, teachers learned about new research focused on the
geophysical imaging of the Yellowstone hotspot, its associated mantle plume, and new results based on
the seiche dynamics of Yellowstone Lake. During the lesson, Taking the Pulse of Yellowstone’s
‘Breathing’ Volcano: Problem-Based Learning in America’s First National Park, teachers worked through
the data-rich problem-based-learning activity using PBO GPS and other data to justify their solution to a
problem.
Field Education Workshop. On November 17 and 18, 2014, 21 faculty and researchers interested in
incorporating geodetic instrumentation and tools into field education met at UNAVCO in Boulder,
Colorado for the Field Education and Support by the UNAVCO GAGE Facility Workshop. The goal of this
workshop was to bring together educators who are interested in, or are already actively using, geodesy in
a field education context. Through community input from this workshop and additional survey results,
UNAVCO will develop a plan to more broadly provide community support for field education
experiences.
The workshop included presentations on the current state of field education at UNAVCO, the importance
of considering field education as broader impacts of proposals, an overview of documented best practices
in field education, and an overview of the importance of considering accessibility of field experiences to
ensure all interested students can participate. Community members presented their current and planned
work incorporating geodetic tools into field education experiences. Breakout sessions provided working
time for the participants to identify areas of potential support by UNAVCO and a concluding session
focused on developing recommendations to UNAVCO. The workshop report will be available to the
community in March 2015.
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Figure 4-3. Participants in the November 2015 workshop on field education.

4.3 EDUCATION RESOURCES
UNAVCO facilitates the development and dissemination of geodesy-focused educational materials. The
GETSI project (GEodetic Tools for Societal Issues) develops teaching materials for engaging
undergraduate students in addressing societally important Earth science questions through the use of
geodetic data. GETSI is a collaboration between UNAVCO and community members at Indiana
University (B. Douglas), Mt. San Antonio State College (B. Walker) with additional authors for
materials from University of California-Irvine (G. Funning) and University of Nebraska-Lincoln (L.
Stearns).
During Y2Q1, the introductory module Ice and Sea Level Changes became the first GETSI module to
pass the materials development rubric and start the testing process. Initial feedback to authors on this
Year 1 Majors-level module informed the selection of the general topics for Year 2 modules
(Introductory level module on surface processes & hazards and a Majors-level module on geodesy and
water resources).
UNAVCO assisted several community members (P. Resor, V. Cronin, and B. Hammond) as they worked
together to develop and test an extension module of an existing learning module focused on Strain-GPS.
This new extension features inter- and coseismic data from the 2014 South Napa Earthquake. It is the
first large earthquake to occur with the sensor network since PBO was installed.

4.4 COMMUNITY COMMUNICATIONS
ECE leads efforts related to communication, collaboration, access, and dissemination of UNAVCO
science and education to both the UNAVCO and broader communities. Highlights of Y2Q1 include the
PBO-52 playing cards for PBO and landowners and preliminary evaluation of the GPS-focused museum
display.
Outreach support to PBO and landowners. The Plate Boundary Observatory is the largest project
managed by UNAVCO with over 1,000 instruments over a large geographic area. ECE is committed to
helping landowners, the public, and other stakeholders in the PBO footprint understand what PBO is
and the role of UNAVCO in maintaining it. In collaboration with GI staff, ECE developed a deck of
playing cards featuring GPS sites from the Plate Boundary Observatory. The development project is
called PBO-52 (http://unavco.org/pbo52).
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Figure 4-4. Examples of cards from the PBO-52 project. Each suit represents a region of PBO; aces
identify the fastest moving site in that region.
The cards are designed to maximize information about the PBO GPS network and the physical processes
it captures. Each suit of the deck represents a different region within the Plate Boundary Observatory.
Hearts represent Alaska, clubs - Pacific Northwest, diamonds - California, and spades - interior U.S. Face
cards also have particular meaning with Aces showing the fastest site in that region, each King highlights
a volcano instrumented by the Plate Boundary Observatory, Queens feature an earthquake within the
Plate Boundary Observatory's footprint, Jacks show strain, and the Jokers show a very simplified way to
lay out the cards for each region to look for patterns in plate motion.
Card decks will be distributed by Engineers to landowners during routine maintenance, permit renewal,
and other site visits. Cards were also distributed to educators, scientists and students at the GSA and
AGU meetings. Beginning in January 2015, ECE will collect evaluation data to assess the impact and
reach of the playing cards.
Highlights of informal outreach activities include:
● EarthScope Fall 2014 InSights. The PBO feature of the InSights publication focused on Teaching
Educators: PBO Data and Classroom Resources
● Created a 2015 Polar Technology Conference flyer for dissemination at AGU at the UNAVCO and
other booths
● Participated in UCAR's Super Science Saturday in Boulder, Colorado. Demonstrated the use of
GPS in measuring changes in glaciers at this hands-on science activity event free and open to the
public.
● Led a UNAVCO facility tour for University of Colorado's space geodesy class, instructed by Steve
Nerem
● Gave a general UNAVCO outreach presentation at Trimble Sketchup in Boulder. Topics covered:
PBO, COCONet, TLALOCNet, and GPS.
● Hosted a social media campaign on Facebook for EarthScience Week: The campaign resulted in
the third highest number of page visits over a week for the year, 10 new likes, and a post that was
in the all time top ten for clicks, engagement, and reach.
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Figure 4-5 (Left). Geodetic Data Services project manager Fran Boler explains how GPS is used to
measure small changes in the shape of the Earth to children at Super Science Saturday in Boulder,
Colorado. (Photo/B. Bartel, UNAVCO)
Figure 4-6 (Right). University of Colorado's space geodesy class, taught by Steve Nerem, on the roof
of UNAVCO during a facility tour. (Photo/H. Berglund, UNAVCO)
PBO focused museum display. The Monitoring a Shifting Earth exhibit has been on display for a year at
the Hatfield Marine Science Center Visitor Center, an Oregon State University Sea Grant Institution.
Preliminary evaluation was conducted on visitor interactions with the display. Approximately, 42% or
62,000 of the 146,000 average annual visitors interact with the exhibit annually, based on data collected
and extrapolating using 4-year weekly and monthly averages. Approximately 54% of visitors to the
exhibit are male and 46% are female. 22% are children (Toddler to assumed 10 years), 19% are teens (11
years to assumed 18 years), and 58% are adults or retired (18 years and above. 22% of visitors interacted
with 2 or more different exhibit elements in succession, spending an average of 2 minutes up to 15
minutes. 25% of this set continued on to a third area of the exhibit.

Figure 4-7. Over 50% of visitors to multiple exhibit elements in succession start at the Plate Under
Pressure. Thickness of line is proportional to percentage.
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Figure 4-8 (Left) and 4-9. (Right). Teens interacting with the a Plate Under Pressure exhibit element.
92% of visitors to a Plate Under Pressure, used the handle to squeeze the map. (Right) Close up of the
Plate Under Pressure interactive element. The handle squeezes the Pacific coast inland like a spring.
Visitors observe that the GPS stations and land along the coast (left edge) moves inland the most, while
the middle area of the map moves very little, and the eastern edge of the map (Eastern Oregon) not at all.

4.5 GEO-WORKFORCE DEVELOPMENT
UNAVCO is committed to broadening and increasing the geodesy community and geo-workforce. Efforts
are focused on providing opportunity in various stages of the geoscience academic/career pipeline
including internships, mentoring and online resources. This quarter UNAVCO co-sponsored the annual
Geoscience Field Trip at the Society for the Advancement of Hispanics/Chicanos and Native Americans
in Science (SACNAS) National Conference. This year’s trip was lead by Sue Hough of the USGS and
provided the students with multiple opportunities to explore the San Andreas fault. Thirty-three
students participated.

Figure 4-10. Michael Hubenthal, and Sue Hough lead students overlooking Palmdale, CA into discussing
the San Andreas Fault area during the SACNAS Field Trip.
RESESS. RESESS interns and alumni presented research results at the fall meetings of the GSA and
AGU. Six presented at the 2014 GSA Annual Meeting in Vancouver, BC Canada two of whom received
travel funding through GSA's On to the Future program. RESESS Intern Jacqueline Romero (2014) also
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was awarded the Association for Women Geoscientists (AWG) Minority Scholarship. Eleven RESESS
interns and alumni attended the AGU Fall Meeting. RESESS interns helped staff the UNAVCO booth,
sharing their experience with conference attendees and interacting with UNAVCO community members.

Figure 4-11 (Left). 2014 RESESS Interns (L to R) Garth Ornelas, Ashlyann Arana Morales, Ann Marie Prue,
and Amy Asanuma at the annual 2014 AGU Fall Meeting.
Figure 4-12 (Right). 2014 RESESS Intern and winner of the AWG minority scholarship, Jacqueline
Romero, presents her poster at the 2014 GSA Annual Meeting in Vancouver BC Canada.
Geo-LAUNCHPAD. UNAVCO provides infrastructure and support for the REU Site: Geo-LAUNCHPAD
(LeAding UNdergraduates in CHallenges to Power Academic Development in geosciences) internship. This
new internship is recently funded and in the planning stage with implementation scheduled for summer
2015. The application portal is currently open. Interested students will apply through the same
employment portal RESESS interns apply through as well as all regular UNAVCO employees. This
program reaches an underserved population in two-year colleges (2YC) students as well as will focus on
engaging individuals from underrepresented populations in geosciences. Students will learn about the
process of research through working with a UNAVCO Project Manager on a project in support of the
community.

4.6 ECE PROGRAM SUMMARY
The ECE program continues to focus work around the strategic goals of UNAVCO. Staff have developed
an implementation plan for year 2 of GAGE and are carefully evaluating the outcome and impacts of year
1. ECE continues to strengthen the working relationships with the GI and GDS programs through
collaboration on community support and outreach. ECE Co-PI travel funded by GAGE includes
attendance at the Fall Meeting of the AGU in San Francisco, CA.

5. Summary
For GAGE Y2Q1, the full integration of activities and stabilization of GAGE scope has been realized.
Progress on staffing and hardening of operations has matured, UNAVCO staff and investigators have
made major contributions to geodesy research and education, and UNAVCO staff have contributed to the
success of international activities foundational to the global science of geodesy.
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