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Geodesy Advancing Geosciences and 
EarthScope: 

GAGE Annual Project Report  
Year 2 reporting period: 01 July 2014 - 30 June 2015 
 
0. Introduction (Miller) 
 
Herein we report the activities of the 2nd year (GAGE Y2) of the 5-year UNAVCO Cooperative 
Agreement 2013 – 2018 UNAVCO Community Proposal Geodesy Advancing Geosciences and 
EarthScope (EAR – 1261833). The Facility, through this Cooperative Agreement (CA), provides 
engineering, equipment and data services that support research projects for investigators using a 
spectrum of geodetic techniques to conduct scientific investigations that include the study of 
earthquake processes, mantle properties, active magmatic systems, plate boundary zone deformation, 
intraplate deformation and glacial isostatic adjustment, global geodesy and plate tectonics, 
atmospheric science, global change, polar science, and hydrogeodesy. These projects are NSF-EAR, 
NSF-PLR Arctic and Antarctic, and NASA-funded and include individual Principal Investigator (PI) 
projects, as well as large interdisciplinary collaborative / community projects for shared infrastructure 
and open data sets, such as AfricaArray, GNET, COCONet, and POLENET, and the larger multi-
disciplinary, multi-agency EarthScope project and its imaging and campaign GPS components.  
 
UNAVCO is in its 31st year of supporting geodesy research and education, under a number of 
administrative structures, and has played an important role in advancing geodesy innovation for 
science.  Since 1984, university partners have shared geodetic instrumentation and data, and have 
collectively operated facilities under the auspices of UNAVCO, to support geodesy research with lead 
sponsorship and core funding from NSF and NASA. UNAVCO’s organizational home and management 
structure have evolved to meet the needs of scientists and sponsors. Over the years, additional support 
from NASA, NOAA, USGS, and others have expanded UNAVCO’s reach and leveraged the core 
investments. In 2001, the academic consortium established UNAVCO, Inc. In 2003, the newly formed 
independent non-profit organization undertook the construction and operation of Plate Boundary 
Observatory (PBO - the geodetic component of EarthScope) and transitioned support of investigator 
science by the UNAVCO Facility to the new management structure. For the last 12 years, UNAVCO Inc. 
has supported the scientific community, with the development, installation, and maintenance of 
geodetic networks, hardware, software, a free and open data archive, data products, 
cyberinfrastructure, and the necessary technical expertise to further cutting edge scientific research in 
this transformational field.    
 
Geodesy, at its center, is a global science. UNAVCO has played an important role in international 
collaborations required to realize the modern terrestrial reference frame. Recent cyberinfrastructure 
projects also reach across the continents including COOPEUS, which builds a framework for a 
sustainable, transatlantic cooperation in the field of environmental research infrastructures and 
EarthCube. UNAVCO staff members are also part of the governance and working groups of the 
International GNSS System, and participate in the European Geophysical Union, WEGENER, and the 
Scientific Committee on Antarctic Research (SCAR). Several new technologies also drive growth at 
UNAVCO, both for direct measurement of deformation and for geodetic imaging. UNAVCO’s TLS field 
engineering and instrument support has matured and operates as a vibrant core activity, although full 
integration into core funding continues to pose challenges. High-rate, low latency (“real-time”) GPS 
continues to drive a broad, expanding, and demanding set of applications. Further innovations are 
seeded by ground-based interferometric radar, autonomous observing platforms for optical 
observations, formal integration of GPS and InSAR as the new generation of satellites is launched, and 
many others. 
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This annual report presents the highlights, activities, and performance metrics for Year 2 of the GAGE 
award. To assure timely submission, and because the report must be approved prior to the actual year 
end, the included metrics include a complete summary of Y1 and a roll up Y2Q1-3. The narrative may 
report on some events from Y2Q4.  
 
1. The UNAVCO Community and Consortium 
 
1.1 THE UNAVCO CONSORTIUM  
 
UNAVCO, a non-profit, university-governed consortium, facilitates geoscience research and education 
using geodesy. The consortium includes 107 US academic Members, primarily degree-granting 
institutions, that participate in its governance and science community (Figure 1-1). Another 99 
Associate Members include organizations that share UNAVCO’s purpose at home and abroad, giving 
UNAVCO global reach in advancing geodesy (Figure 1-2).  Early in Y2, one Member was transferred to 
Associate Member status to reflect its previous transition from university to for-profit management.  
Through an internal audit of its private funds, UNAVCO identified unreported dues from one U.S. 
academic and three associate members that have now been added to the membership records.  These 
include: 
● Wesleyan University 
● Lawrence Livermore National Laboratory 
● Universidad de Sonora 
● Canadian Hydrographic Service 

In addition, one new Member and two new Associate Members have joined UNAVCO since Y1Q4: 
● University of Florida 
● CIDCO - Centre interdisciplinaire de développment en cartographie des océans, Canada 
● Universidad de Los Andes, Colombia 

 

 
Figure 1-1: UNAVCO Membership profile. Universities and affiliated research organizations make up 
UNAVCO’s governing membership, and include major research universities, comprehensive Master’s 
granting universities, as well as a growing base of selective liberal arts colleges.   
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Figure 1-2. UNAVCO Associate Member profile since incorporation. Institutions are found on every 
continent except Antarctica, although UNAVCO investigators and staff are also active there. The 
Associate Members share UNAVCO’s purpose and form a global community for scientists who may 
otherwise be geographically or professionally isolated. This community engages in international 
partnerships essential to the advancement of global geodesy.  
  
Highlight: 
Data Recovery and Response to the 25 April 2015, Mw 7.8, Gorkha, Nepal Earthquake 
 
Just before noon local time on April 25, 2015 at 11:56 am, a moment magnitude (Mw) 7.8 earthquake 
struck central Nepal and was felt in the capital, Kathmandu. Please see the U.S. Geological Survey 
(USGS) summary and Nepal’s National Seismological Centre summary of the Gorkha earthquake for 
more information about the event and aftershocks. Hours after the event, UNAVCO rolled into action 
at the request of Professor Jean-Philippe Avouac at the California Institute of Technology (Caltech) to 
collect high sample rate (HSR) GPS data from the GPS network installed by Caltech and the Nepal 
Department of Mines and Geology a decade earlier. 
 
John Galetzka — UNAVCO’s project manager for TLALOCNet in Mexico — landed in Kathmandu on 
April 29 to lead the effort to collect data and get stations online. Before joining UNAVCO in March 
2014, John worked for Caltech from 2002 to 2013, and installed 28 GPS stations in Nepal during that 
time frame. 
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Figure 1-3. Installation of GPS Station TSM1 in Tsum Valley, Nepal. Pictured are Ellen Knappe 
(foreground), University of Montana, Michael Fend (right), UNAVCO and Ratna Mani Ghupta (left) on 
June 11, 2015. Credit: John Galetzka, UNAVCO. 
 

 
Figure 1-4. Landowners where GPS station ODRE is located graciously give Mike Fend, UNAVCO, tea 
after the work is complete. Photo: Kamal, May, 16, 2015. 
 
Professor Roger Bilham from the University of Colorado, Boulder teamed up with John several days 
later, and on May 10 UNAVCO field engineer Michael Fend arrived in Kathmandu with spare parts, 
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additional tools, and relief supplies from donors in the Boulder area. Other colleagues from the USA, 
Nepal, France, the United Kingdom and Italy joined Mike, Roger and John to help recover GPS data, 
repair stations, add telemetry where possible, survey pre-existing survey markers, and install new GPS 
stations. All of the institutions involved in this project pledged to have their data archived at UNAVCO 
and allow the data to be openly accessible to the public. Please see the UNAVCO Community Event 
Response for more information and more data.  
 
The partnering institutions included: 
● National Seismological Centre (NSC), Department of Mines and Geology (DMG), 

Nepal 
● Caltech 
● Nepal Academy of Science and Technology (NAST), Nepal 
● Tribhuvan University (TU), Nepal 
● University of Colorado, Boulder (CU), USA 
● University of Montana (UMT), USA 
● Laboratoire Etudes Géophysiques et Aléas, Département Analyse, Surveillance, 

Environnement (DASE), France 
● University of Cambridge, UK 
● Survey Department, Nepal 
● International Center for Theoretical Physics (ICTP), Italy 

 
Station and Network Priorities. The rapidly produced GPS and InSAR data products from the Mw 
7.8 mainshock, and the occurrence of a Mw 7.3 aftershock on May 12 to the east of the mainshock 
altered the focus of the group. Five stations in difficult to reach western Nepal were ignored and 
priority was shifted to recovering HSR data and densifying the GPS network south of the mainshock 
and around the large aftershock. 
 
At the time of the April 25th earthquake, nine Caltech GPS stations were still telemetering data, but the 
fate of the 19 other stations was unknown. Two months later when UNAVCO staff departed Nepal and 
the monsoon rains arrived, 21 Caltech stations were up and running, two were found vandalized and 
have not been re-established, and five could not be visited and have no telemetry. 
 
Data Analysis and Basin Resonance.  The high rate GPS data products from the mainshock were 
analyzed by David Mencin, UNAVCO Project Manager in Boulder with support from Professor Roger 
Bilham in Nepal. In particular, the motions of GPS station NAST in central Kathmandu at the Nepal 
Academy of Science and Technology, showed how the earthquake shook the city. Kathmandu is located 
in a sedimentary basin, against higher ridges of denser igneous rocks. Once the seismic waves reached 
the basin, they continued to shake the city by bouncing (resonating) back and forth from one side of 
the basin to the other. The seismic resonance of the basin is somewhat analogous to a bathtub filled 
with water and then the water is disturbed creating a wave that sloshes back and forth in the tub. A 
video of the horizontal motion of GPS station NAST (within the basin) compared to GPS station KKN4 
(on a ridge outside of the basin) illustrates the resonance of NAST within the city compared to little to 
no resonance at KKN4 outside the basin. The NAST station continues to move back and forth long 
after the KKN4 station stops moving. In another video, the horizontal motion of NAST is compared to 
a stationary camera video in a square in Kathmandu that shows how the people and other objects 
moved back and forth with the ground motion. Another video recorded by Michael Fend on a street in 
Kathmandu shows a similar basin resonance associated with the May 12th aftershock. 
 
A full summary of  partnerships and accomplishments is available as a Program highlight on the 
UNAVCO website.   
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1.2 UNAVCO SCIENCE COMMUNITY 
  
While UNAVCO consortium boasts 206 institutional members and associate members, its community 
comprises the scientists, educators, and other professionals who are committed to its mission, and use 
its resources. Well over 1,000 individuals from around the world formally interact with UNAVCO on 
an ongoing basis through its scientific collaborations, governance, science planning coordination, 
engineering services, information services, and its Education and Community Engagement program.  

1.2.1 Community Publications 

The geodesy community publication database is a compendium of science and education publications 
that have referenced UNAVCO, used UNAVCO equipment or services, or used the UNAVCO-supported 
NASA Global Navigation Satellite System (GNSS) Network (GGN), including data from EarthScope 
and the Plate Boundary Observatory. Figure 1-5 presents current and historic data. Publications that 
mention UNAVCO or those of its projects that have distinctive search terms are presented by number 
of publications each year and the number of unique journals each year. The first directly links the work 
to UNAVCO; the second charts the growing sub-discipline diversity of UNAVCO-supported science.   

Yet papers based on this search are known to be a fraction of the very great body of literature that 
either directly relies on UNAVCO services without sponsor-required acknowledgement, or work that is 
made possible by UNAVCO in a less visible role. For instance, every global GPS survey relies on 
fundamental tools like teqc (developed and supported at UNAVCO) or the ITRF (supported by 
UNAVCO upgrades and maintenance of GGN and other key GPS/GNSS stations, by UNAVCO support 
for coordination of the IGS, etc.) or modeled on UNAVCO-developed technologies (such as the recent 
national network developed by China, after numerous visits and technical exchanges with UNAVCO 
and close modeling on PBO).  

We have developed a more comprehensive metric, to identify all publications that leverage UNAVCO 
services and products, even if UNAVCO is not explicitly acknowledged. The search uses a larger set of 
tested criteria in an attempt to capture every high-precision global geodesy paper that relies on these 
UNAVCO fundamentals. The search yields a proxy metric for growth in geoscience applications for the 
technologies that UNAVCO supports. The criteria have been refined to minimize spurious results, for 
instance by only searching a restricted set of subjects and carefully constructed word associations. We 
expect that in the nearly 1,000 publications found, some outlier papers are included, and some worthy 
papers are missed. Nonetheless, this metric provides us with a stable and objective proxy of the growth 
trend in the reach of UNAVCO work. Because the numbers are so large, they are plotted as 10s of 
publications each year. The complex nature and wide scope of UNAVCO work precludes differentiation 
of the publications supported specifically by the GAGE award.  
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1.2.2 Publications, Abstracts, and Other Products Created by UNAVCO Staff  

Publications and conference abstracts by UNAVCO staff are available in research.gov. In addition, 
UNAVCO staff produced other materials in service to the community including data DOIs, technical 
documents accessible to the community via the Knowledge Base, and web Highlights and Science 
Snapshots (Table 1-1).  

Table 1-1. GAGE Facility products; award to date. 

GAGE FACILITY PRODUCTS 
Year 1 

(2013-10 - 
2014-09) 

Year 2 
(2014-10 - 
2015-06) 

GAGE to Date 

Datasets Published by DOI 1820 689 2509 
Knowledge Base Documents Created 19 7 26 
Knowledge Base Documents Updated 48 23 71 
Highlights Published 33 23 56 
Science Snapshots Published 9 11 20 
 
1.2.3 Broader Impacts for Community, Governance and Management 
 
UNAVCO Websites. UNAVCO staff manage multiple websites in service to the community. Websites 
are accessed by the UNAVCO community, broader science community, educators, students and the 
general public (Table 1-2). UNAVCO websites are managed by the Web Team (Web Editor in Chief and 
Web Administrators), Section Editors, and staff 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. A primary effort this reporting period was the UNAVCO Web Integration Project. This effort 
combines three disparate UNAVCO web presences, i.e., www.unavco.org, pbo.unavco.org, and 
facility.unavco.org, into one cohesive website under www.unavco.org, to better reflect the GAGE 
Facility and its activities. UNAVCO also provides web support to EarthScope through maintenance of 
the primary EarthScope website (www.earthscope.org).  
 



9 

Table 1-2. GAGE to date 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 
Year 1 

(2013-10 - 
2014-09) 

Year 2 (2014-
10 - 2015-06) GAGE to Date 

Number of Users 202,622 174,806 377,428 
Number of Sessions 304,006 268,680 572,686 
Page Views 724,072 631,329 1,355,401 
 
UNAVCO Outreach and Impacts. UNAVCO outreach activities are conducted by UNAVCO staff across 
all programs. Staff regularly interact with the public, stakeholders, National Park Service staff, schools, 
and other similar groups. Table 1-3 summaries the numbers of events conducted and Table 1-4 
summarizes individuals reached. Large event visitors include visitors to the PBO/GPS museum display 
at the Hatfield Marine Science Center and interactions at the USA Science and Engineering Festival. 
Other interactions are of higher duration and impact, but smaller overall in number.  
 
UNAVCO makes a substantial investment in participation in the annual meetings of GSA and AGU 
both in the form of presentations and an exhibit booth. The exact number of interactions is difficult to 
document.  Attendance at  at the GSA annual meeting is typically over 5,500 and the AGU Fall Meeting 
is on the order of 24,000. Interactions include community members, other scientists, researchers and 
students.  
 
Table 1-3. Metrics for activities led and products produced by all UNAVCO Programs (GI, GDS, ECE). 

OUTREACH: ACTIVITIES (QTY) 
Year 1 

(2013-10 - 
2014-09) 

Year 2 (2014-
10 - 2015-06) GAGE to Date 

Short Courses 9 3 12 
Workshops and Outreach Events 56 33 89 
Internship Programs 2 3 5 
 
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) 
Year 1 

(2013-10 - 
2014-09) 

Year 2 
(2014-10 - 
2015-06) 

GAGE to Date 

Researchers + Research Faculty 146 55 201 
University + College Faculty 288 103 391 
Post-docs 42 12 54 
Graduate Students 166 132 298 
Undergraduate Students 234 150 384 
Public / K-12 Students 178 92 270 
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K-12 Faculty 207 112 319 
Other Professionals 389 123 512 
Large Event visitors 113,137 35,451 148,588 
 
2. Geodetic Infrastructure Program 
 
2.0 GI Program Highlight for GAGE Y2 
 
The GI group completed the PBO-AK 
helicopter services RFP process in mid-
February 2015 with a final 
recommendation from the Helicopter 
Services Preferred Vendor Evaluation 
Committee, comprised of technical, legal, 
and business staff. The GI Director 
reviewed and concurred with 
recommendation of the committee and 
forwarded it to the UNAVCO President for 
final review and selection. JL Aviation, 
was notified and accepted the designation 
of PBO-AK Preferred Vendor status for 
helicopter services through the end of the 
GAGE Cooperative Agreement. The other 
respondents to the RFP were notified that 
they were not selected in late February. 
The final Scope of Work for the 2015 PBO-
AK field season was developed in during 
March and the fully executed contract was 
completed by the end of April. PBO AK 
Helicopter operations commenced with 
deployment to Ketchikan, AK on May 8, 
2015 and continued for 50 days, with the 
final demobilization on July 18th. In 
addition to successfully completing PBO 
AK operations, JL Aviation also supported PBO staff in early September 2015 on Mt. St. Helens, WA.  
Pictured above is PBO Engineer, A. Woolace, in foreground, with MSH in shrouded in clouds in the 
background, and JLA’s Bell LongRanger, piloted by J. Linscott, arriving  at the PBO site at Loowit 
(P692).  The MSH radio network was upgraded to Ubiquiti 5.8 GHz radios during 5 days of fieldwork. 
 
Another important GAGE Y2 highlight for the GI Program was completion of the “PBO Future in 
GAGE and Beyond 2018 workshop” final report, which summarized and encapsulated community-
vetted recommendations from the workshop. The final report was submitted to NSF through 
research.gov in early April 2015 and approved by NSF  on April 9, 2015. A PDF copy of the report was 
made available for community on the UNAVCO (2014 Community Workshop: The Future of PBO in 
the GAGE Facility Report), IRIS, and EarthScope National Office websites after approval by NSF. In 
addition, the report was also made available as background information for participants in the “Future 
Seismic and Geodetic Facility Needs in the Geosciences,” which was held at the Lansdowne Resort and 
Conference Center, Leesburg , Virginia on May 3 to 6, 2015. !
!
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2.1 OVERVIEW !
 
The GI 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 multi-disciplinary AfricaArray, and several other smaller continuously observing 
geodetic networks. At the close of Y2, the GI group headcount remains at 42 with 40.75 FTE. There are 
no plans to add additional staff to the GI group at this time. 
 
2.2 COMMUNITY AND CONTINUOUSLY OBSERVING NETWORKS  
 
2.2.1 Plate Boundary Observatory and Related Projects 
 

 
Figure 2-1. Map of the NSF Plate Boundary Observatory, the geodetic facility of EarthScope, which 
includes ~1100 cGPS, 75 BSM, 6 LSM, 79 seismometer, 26 tiltmeter, and 145 surface met stations. 
 
UNAVCO operated and maintained the following instruments this period as part of the PBO network: 

● 1132 permanent GPS stations (1100 PBO core, 32 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) 
● 470 real-time streaming GPS stations (approximate total including ~422 PBO Core/Cascadia, 

7 TLALOCNet, 40 COCONet, 1 in Nepal) 
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2.2.1.1 cGPS Network  
 
The PBO cGPS operations and maintenance group was busy and productive throughout GAGE Y2, 
with 534 PBO GPS site visits, resolving 1223 GPS issues during 1126 engineer-days in the field.  An 
additional 205 days of engineer travel involved required meetings and training. Other PBO GPS 
Operations staff travel included activities related to TLS support (6 days), Rio Grande Rift support (12 
days), TLALOCNet (156 days), and COCONet (29 days). The most significant event that happened in 
Y2 was the streamlining of management responsibilities within the group, after the Alaska regional 
manager left to take a job with the IRIS Transportable Array in Alaska. Relocation of engineering staff 
enabled PBO management to continue to meet the needs of the project without interruption. 
  
PBO staff coordinated with the Data Products project manager and other GDS staff to support a 
number of high-rate data downloads in response to several earthquakes, including the Napa 
earthquake and the Nepal earthquake. 
  
In the southwest region, PBO staff focused on two initiatives beyond the response to data quality 
issues. These included the addition of the MEMS accelerometer geodetic module to sites spanning the 
active faults in the Bay Area. The expanded accelerometer network now includes 21 stations in 
northern and southern California. The second initiative included the decommissioning of cellular 
modems by combining and expanding radio networks in order to increase bandwidth and reduce 
recurring communication costs. Radio network enhancements in the Channel Islands, Sierras and 
Coast Ranges have improved transfer rates 8x+.  
  
PBO-AK staff continued to work closely with the U.S. Geological Survey-Alaska Volcano Observatory 
(USGS-AVO), IRIS Transportable Array (TA), the Alaska Earthquake Center (AEC), the University of 
Alaska-Fairbanks, and the Tsunami Warning Center to support joint operations, share resources, and 
to streamline work in Alaska making it more cost effective for all the institutions. Five days of boat and 
helicopter operations were shared between UNAVCO, TA, and USGS-AVO on Augustine volcano 
(upgrading the PBO radio network), and another 8 days of helicopter time were shared on Unimak 
Island.  Overall, all PBO maintenance targets for 2015 were completed on-schedule and within budget. 
  
PBO-NW staff completed three installations of new fiberglass huts on Mt. St. Helens in 2014. These 
huts were placed to harden the stations for winter conditions. Also, power and data communications 
systems were improved. Four GNSS-capable receivers (Trimble NetR9) and antennas were installed 
with the help of Cascades Volcano Observatory staff. GNSS-enabled receivers were added, as 
recommended in the Future of PBO in the GAGE Facility Workshop report, in order to improve real-
time monitoring of the volcano by USGS.  Future plans include a full upgrade of the radio network to 
improve data flow and reduce latency of real-time data, and to replace failing radios. 
  
During the previous award year (GAGE Y1), PBO regional managers and engineers completed a 
comprehensive assessment of GPS network attributes to assess performance and cost for each station. 
Characteristics such as transfer rates, accessibility, communications capabilities, and permit fees were 
included in the compilation.  In September 2014, the results of this analysis were presented at the 
Future of PBO in the GAGE Facility Workshop held in Breckenridge, CO. Throughout Y2, PBO 
engineers used the recommendations from this workshop to plan and implement receiver upgrades of 
stations within the network.  At the end of June 2105, 117 stations have GNSS-capable receiver and 
broadband antenna installed, 37 stations are receiver-only GNSS-enabled, and 127 other stations have 
broadband antennas installed with older generation Trimble NetRS receivers. 
  
For community networks outside of PBO, UNAVCO staff continued to support the TLALOCNet and 
COCONet projects. For TLALOCNet, 14 of 25 planned stations were installed in the last year and the 
regional data center (RDC) at the University of Guadalajara was deployed. For COCONet, the GNSS-
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constrained tide gauge portion of the project was completed, including the construction of two new 
tide gauges with co-located GNSS/meteorological systems in Mexico and Jamaica as well as the 
installation of supplemental GNSS/meteorological systems to existing tide gauges in the Dominican 
Republic and Panama. UNAVCO staff coordinated the installation of the cGPS-Met stations on Aves 
Island, Venezuela and Sombrero Island, Anguilla, two critical sites in the COCONet network. The 
implementation of the three COCONet RDCs was another major accomplishment during the last year. 
 
Additional information and activities are available in the quarterly reports. 
 
2.2.1.2 Borehole Geophysics 
 

Borehole Geophysics has continued to thrive over the course of Y2 with continued operations, 
maintenance, and new installations in the Greater Istanbul area of Turkey along the Princes Island 
segment of the North Anatolian Fault. These are the first installations of borehole instruments outside 
the original PBO footprint by UNAVCO staff.   
 
Other activities include upgrades to power, communications, and continued staff development of an 
iPhone app for field engineers to manage metadata and station state of health information. The 
Borehole Geophysics team created a budget scenario calculator to help optimize scope under possible 
future funding scenarios. 
 
The UNAVCO BSM received funding under a DOE proposal with Larry Murdoch at Clemson, which 
includes UNAVCO engineering effort to install a borehole site  in Oklahoma and to develop new ways 
to remove hydrologic signals with a focus towards improved monitoring of CO2 sequestration 
reservoirs. 

 
As part of CU/UNAVCO GeoGONAF project, the first borehole geophysics installation of strainmeter 
on Buyukada, an island offshore Istanbul in the Sea of Marmara, Turkey at 95 m depth was 
successfully installed in August of last year, a second installation on the island of Sivriada and third 
west of Istanbul. Please see quarterly reports for additional details. 

 
 
2.2.1.3 Long Baseline Laser Strainmeter Subaward: UC San Diego 
 
UCSD operates and maintains six long baseline laser strainmeter (LSM) instruments for the PBO 
network through a subaward administered by UNAVCO. UCSD also analyzes the data from these 
instruments and delivers LSM data products to UNAVCO as part of this award. Network operation was 
mostly stable and cumulative data return exceeded the target despite a number of instrument related 
issues that were encountered and addressed by UCSD personnel throughout the year, including 
ongoing reference-laser issues that resulted in periods of instrument downtime and data loss.  
 
A significant network event this year was the removal of the strainmeter in Glendale (GVS1) from PBO 
dataflow and, in its place, the addition of a station at Durmid Hill (DHL1) as an official PBO station. 
DHL1 was an existing station previously supported by the USGS but this funding was discontinued in 
the Spring of 2014 along with funding that also covered strainmeters at Pinyon Flat. Because of the 
scientific importance of continued measurements at site Durmid Hill, at the southern termination of 
the San Andreas fault and where PBO already supports the second strainmeter there (DHL2), UCSD 
and UNAVCO concluded that it would be strategic and appropriate to use GAGE resources to support 
continued operation of DHL1 at the expense of continued operation of GVS1.  The GVS1 instrument 
ceased operation on May 20, 2015. DHL1 data have been archived in PBO format at the IRIS DMC 
since 2008, and this would continue with the addition of the 1-s data in SEED.  
 
The LSM network recorded clear aseismic transient deformations this period at PBO/LSM strainmeter 
sites DHL1/2 along the southernmost San Andreas Fault, SCS1/2 at the southern San Jacinto Fault 



14 

system, and CHL1/2 at the north end of south-central San Andreas Fault. At the time of this report, a 
new event has been observed at CHL while the secular strain at DHL still has not fully returned to its 
long-term pattern of secular strain. These observations were highlighted in the quarterly reports.  
 
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 observations; in 
contrast, tiltmeter data return is not held to the same objective standard as the other sensors, but 
rather these data are obtained on a best effort basis. The summary for all PBO sensor types is shown in 
Table 2-1. The time series for data return percentage since the beginning of GAGE is shown in Figure 
2-2. To date, PBO cumulative data return from all instrument types has exceeded the data return 
target.  
 
Table 2-1. PBO network cumulative data return percentage during GAGE (01 October 2013 through 30 
June 2015). Cumulative data return from all instrument types exceeded the minimum target value. 

Period Target GPS Seismic 
Borehole 

Strainmeter 
Laser 

Strainmeter Tiltmeter 
Pore 

Pressure 
Cumulative 
since 2013-10 85% 96% 98% 99% 100% 94% 91% 
 

 
Figure 2-2. PBO network data return during GAGE (01 October 2013 through 30 June 2015). 
 
2.2.1.5 Real Time GPS Network Operations 
The average completeness across the UNAVCO RT-GPS network was 83.9% for each month of the 
GAGE Y2Q1-Q3. These values are comparable to those from GAGE Y1. The average median latency 
across the network throughout the Q3 ranged was 222 milliseconds with 25% of the network typically 
having latency less than 161 ms and 75% of the network having latencies around 536 milliseconds. The 
spread in latencies does not vary much over the Y2Q1-Q3 or network.  Please see quarterly reports for 
additional details. 
 
2.2.2 Field Support for the NASA GGN  
 
UNAVCO, in collaboration with JPL, is responsible for the operations and maintenance of the 59 
permanent GNSS stations that comprise the NASA Global GNSS Network (GGN). UNAVCO staff 
monitor station network connections, ship replacement equipment to site operators as necessary, and 
construct new permanent sites as directed by JPL. UNAVCO staff work closely with local collaborators 
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at each station for routine maintenance and troubleshooting data flow interruptions, and perform field 
maintenance and upgrades. 
 
The total number of receivers monitored by UNAVCO’s GGN staff is now 88, which includes receivers 
added as part of the NASA Space Geodetic Program (SGP), temporary campaign systems co-located at 
select GGN sites, and new multi constellation capable receivers added over the course of the past year. 
Currently, 58 GGN stations are fully operational and provide daily files to the geodetic user 
community. One is in the process of being repaired due to data a communications failure, but is 
otherwise healthy and data will be recovered when communications have been restored.  Preventive 
computer swaps are planned at four operational stations to replace legacy devices.  One new SDBM is 
planned for installation at the Haleakala Observatory (Maui) in October as part of the SGP (pending 
permit approval). 
 
See quarterly reports for additional details. 
 
2.2.1.6 PBO Permitting Report 
 
UNAVCO successfully hired a new Permit Manager, Mr. James Downing, Esq. late in GAGE Y1Q4.  
Since that time, UNAVCO has reviewed its permitting staff, available resources within GAGE, and the 
future needs for PBO. In GAGE Y1, 38 permits, including annual renewals, were renewed for a total 
cost of $36K. During GAGE Y2, permitting activity increased substantially, UNAVCO has successfully 
renewed, and perfected, 124 annual and long-term permits. Because of increased and unexpected 
savings as a result of lower than anticipated permit fees, UNAVCO was also able to renew 17 permits 1-
3 years before their expiration dates. This allowed UNAVCO to extend permits for crucial PBO sites 
well into the future, while perfecting permit language to allow for transferability or assignment to 
another organization at the close of the GAGE Cooperative Agreement after 2018. The anticipated total 
budget to renew all of the permits expiring during Y2, together with renewing crucial PBO sites early, 
was $296K. Combing early renewals with Y2 expirations allowed UNAVCO to accomplish this goal 
with a total expenditure of $204K, a savings of $92K. As a result, GAGE Y2 permit renewals has now 
set the stage for a more manageable permit renewal schedule during GAGE Y3 to Y5. All renewed PBO 
permits allow for transfers and assignments, as well as supporting collaborations with other scientific 
organizations. 
 
2.2.3 Polar Projects:  POLENET  
 
POLENET support is a year-round effort for the UNAVCO Polar team. With telemetered cGPS 
networks in Greenland and Antarctica, the cycle of monitoring, planning, preparation and field work is 
continuous and ongoing. GAGE Y2 POLENET activities for the Polar Services team were focused on 
preparation and execution of the 2014 GNET and the 2014-15 ANET field seasons. Engineering efforts 
in Boulder were directed towards preparation of field O&M kits to enable rapid repair and upgrade of 
Greenland and Antarctic sites to be visited this year. 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 impacted sites to data collection after approximately 600 days of 
operation at 30-second data rates. UNAVCO worked with Ohio State University and the card 
manufacturer to pin down and remedy the issue. Since the impacted sites at risk were scattered 
throughout the GNET network, the O&M crew paid a visit to all sites in Greenland. Of these, 20 sites 
were scheduled for regular maintenance visits, which included a combination of repairs and upgrades. 
In addition to critical preventive maintenance and repair, battery state of health analysis was 
performed at all sites on the visit plan. This type of testing on GNET and ANET provides us with key 
data on long term battery capacity trends over the network, and indicates that battery capacity 
deteriorates an average of 1-2% per year. Overall GNET data recovery for the 42 sites, measured by 
data that reaches the UNAVCO archive, is currently 88.6%. For the Antarctic, ANET support has been 
directed at the ongoing monitoring and data flow management of Antarctic sites. Three new sites were 
installed during the 2014-2015 field season as part of a renewal of the ANET award and a small 
expansion of the original network.  These are operating as expected. The new sites brought the total 
number of core ANET sites to 48. LARISSA (LARson Ice Shelf System), a sister network operating on 
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the Antarctic Peninsula, added one more site during this period for a total of 10 full time, telemetered 
stations. Planning and preparation is currently underway for the next ANET field season, wherein 
most sites will be visited, with priority given to those most requiring maintenance or upgrades. The 
average cumulative ANET data recovery, measured by data that reaches the UNAVCO archive, is 
currently at 88.5%.  
 
The Polar Support team provides networked GPS sites for other PI projects, as well as maintaining 
reference stations at multiple remote research facilities in the Arctic and the Antarctic.  This is 
reflected in figure 2-3 below. 
 

 
Figure 2-3. Continuous GPS sites supported by UNAVCO for NSF-PLR investigators. Actual values are 
shown from 01 January 2004 through 30 June 2015 along with projected values originally forecast in 
the GAGE proposal through the end of FY 2015. Fewer stations were supported in Y2 than Y1, 
primarily due to decommissioning some of the stations at the end of project award periods. 
 
2.2.4 Support for Other Community Networks 

GPS PI Network Engineering 
UNAVCO provided operations and management (O&M) support at various levels to 842 continuously 
operating GPS stations in 64 different networks this period, which were installed in support of a NSF-
supported PI project. Many of these stations continue to operate beyond the funding period of the 
original project. The O&M support includes data downloading, 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 PI’s and their 
collaborators, provides this O&M support at three broad levels (the number of projects supported in 
parentheses below): 

● 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’s project. 

● Medium– PI or collaborators download the data from the stations, monitor station data flow, 
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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’s 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. 

  

 
Figure 2-4. Continuous GPS sites supported by UNAVCO for NSF-EAR, PBO and Community 
investigators. Actual values are shown from 01 January 2004 through 30 June 2015 along with 
projected values originally forecast in the GAGE proposal through the end of FY 2015. The number of 
stations supported grew continuously through Y2 as expected, though total number and rate of growth 
was less rapid than projected. Part of the reason for the difference between actual and projected that 
some legacy stations have been decommissioned, reducing the total station count even as new stations 
were added. 
 
2.3 PI PROJECT SUPPORT 
 
2.3.1 EAR PI GPS Project Engineering and Equipment Support 

 
GPS PI Project Engineering & Equipment Support: NSF-EAR & Community 
UNAVCO provides state-of-the-art GNSS equipment and engineering services to PI projects. This 
includes project management, 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. 

GPS PI Project Support 
In this reporting period (July 2014 - June 2015) UNAVCO supported 59 PI individual projects (26 
NSF-EAR, 12 NSF-Other, and 21 Community). UNAVCO staff was involved in proposal development, 
project planning, network design, monument design, equipment preparation and installation, and 
establishing real-time data flow. During this reporting period the engineering staff assisted the 
COCONet project with 5 new cGPS installations. Additionally, UNAVCO supported 27 new PI 
proposals (16 NSF-EAR, 7 NSF-Other, and 4 Community). 
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Figure 2-5. NSF-EAR and community field projects supported by UNAVCO. Actual values are shown 
from 01 January 2004 through 30 June 2015 along with projected values originally forecast in the 
GAGE proposal through the end of GAGE Y2. The total number of fielded projects in GAGE Y2 will 
likely be similar to GAGE Y1 by 30 September 2015. However, the number of NSF funded projects 
supported in 2014-2015 is lower than that supported in 2011-2013. Most notable is that fewer GPS 
NSF EAR-I&F, EAR-Geophysics and NSF Other funded projects have been supported in GAGE 
compared to previous years and to original projections.   

GPS Instrument Pool 
The UNAVCO GAGE receiver pool now consists of 653 GPS and GNSS-capable receivers with the 
merging of the 100 EarthScope-PBO-designated Topcon instruments with the former UNAVCO pool 
(Figure 2-14). This integration enables UNAVCO to better support PI projects. 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. We augmented the receiver pool in GAGE Y1Q3 with an additional 20 
receivers and plan to augment it with another 15 in Y3Q1 with the preferred vendor’s receivers. 

PI 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. UNAVCO continues to repair PBO, COCONet, TLALOCNet, and community receivers and 
related instruments using a technician working under contract for UNAVCO.  
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Figure 2-6. UNAVCO NSF-EAR receiver pool inventory from 01 October 2003 through 30 June 2015. 
Note: the drop in 2006 is due the NSF-PLR pool no longer being included in the metric. 
 

 
Figure 2-7. UNAVCO NSF-EAR receiver pool inventory. Actual values are shown from 01 January 
2004 through 30 June 2015 along with projected values originally forecast in the GAGE proposal 
through the end of FY 2015. The drop between 2006 and 2007 is due the NSF-PLR pool no longer 
being included in the metric. In October 2013, the EAR and EarthScope pools were consolidated into a 
single “GAGE” pool. The number of receivers has already surpassed the projected number for 2015 due 
to a greater number of receivers being purchased than originally planned. 
 
2.3.2 Polar Services  
 
The UNAVCO Polar engineering team supports field seasons in the Antarctic and the Arctic during the 
year. Antarctic support was provided to 24 different PI projects including five TLS projects. Other 
support included GPS campaign and permanent station work. To manage the Antarctic field season, 
UNAVCO deployed six of its staff to McMurdo Station. At the other end of the globe, YR2 Arctic 
support was provided to 17 PI projects with six more on the schedule for late summer. Support during 
the period included one TLS project, with another scheduled for late summer. 
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Figure 2-8. NSF-PLR field projects supported by UNAVCO. Actual values are shown from 01 January 
2004 through 30 June 2015 along with projected values originally forecast in the GAGE proposal 
through the end of FY 2015. The total number of fielded projects continued to decrease in GAGE Y2. 
The most significant variation is in the number of TLS Arctic projects fielded: only 1 in Y2 though Q3 
vs. 7 projected in Y2. The number of TLS Antarctic projects is also lower than originally projected (5 vs. 
9). The number of GPS projects fielded are also lower than Y2 projections.    
 

 
Figure 2-9. UNAVCO NSF-PLR GPS receiver pool inventory. Actual values are shown from 01 January 
2004 through 30 June 2015 along with projected values originally forecast in the GAGE proposal 
through the end of FY 2015. The total number of receivers in the pool, and the allocation of receivers to 
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each subcategory within the pool, varied slightly from projections but are the same as in Y1. 
 
Currently there are 125 GPS receivers in the Arctic pool and 208 receivers 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 activities included engineering support for PI projects, planning support for PI 
proposals, education and outreach, and resource development. In this reporting period (July 2014 - 
June 2015) UNAVCO supported 27 TLS PI projects (11 NSF-EAR, 2 NSF-Other, 7 Community, 2 PLR 
Arctic and 5 PLR Antarctic). Additionally, UNAVCO supported 8 new TLS PI proposals (3 NSF-EAR, 2 
NSF-Other, 1 Community, 2 PLR Arctic and 0 PLR Antarctic). See Figure 2-10 below. 
 
During the reporting period, UNAVCO undertook a comprehensive evaluation of long range terrestrial 
laser scanner systems to identify an instrument to be acquired for the UNAVCO TLS pool under NSF-
EAR 1261653 (Acquisition of Next Generation Terrestrial Laser Scanning Systems for Community 
Earth and Polar Science Research). An open RFQ process included on-sight vendor demonstrations, a 
UNAVCO evaluation committee, and extensive feedback from the community via the TIGWiG. 
Through this process a Riegl VZ2000 was selected and will be delivered in GAGE Y2Q4. 
 

 

 
Figure 2-10. Number of TLS projects and proposals supported by UNAVCO. Actual values are shown 
from 01 January 2004 through 30 June 2015 along with projected values originally forecast in the 
GAGE proposal through the end of FY 2015. While Y1 actuals exceeded projections, the number of Y2 
actuals through Q3 are lower than projected (25 vs. 40). Variances are primarily due to fewer NSF PLR 
and NSF Other projects supported. Y2 projections will likely not be met even though several TLS 
projects and proposals will be supported in Y2Q4. Despite the overall Y2 trend it should be noted that 
actual support for NSF-EAR projects and proposals exceeded the Y2 projection.  
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2.3.4 GI Project Support User Feedback Summary 
  
UNAVCO solicits feedback from supported PIs on the UNAVCO project support experience and 
provide usability metrics. PI are asked to comment on quality and effectiveness of technical support, 
equipment and training, administrative support, and cost effectiveness. During this reporting period 
36 PIs responded to the request for feedback. 
 
The feedback form asks PIs to rate the specific services from 1-5, with 5 being the best. The question 
and average responses are shown in the following table: 
 

Question Average 
response 

What was your overall impression of the quality and 
effectiveness of support provided to your project? 

4.5 

Please rate the training provided by UNAVCO. 4.3 

Please rate technical and/or field support provided by 
UNAVCO. 

4.7 

Please rate effectiveness of administrative support 
provided by UNAVCO. 

4.6 

Please rate the cost effectiveness of support provided 
by UNAVCO.  

4.6 

      
Overall the responses were very positive. PIs felt that the engineers who supported their projects were 
well-prepared and trained, communicated well, and were professional in providing training in field 
techniques and instrumentation and providing other field operational support such as permanent 
station maintenance and installation and TLS surveys. PIs are consistently pleased with the low cost of 
UNAVCO project support indicating that it enables them to make most effective use of their time and 
resources. The availability of state-of-the-art instrumentation, training and software is important to 
the PIs. It was also noted that UNAVCO support enabled them to perform research that they could not 
have completed otherwise. 
 
Some highlights from the responses: 
● Excellent.  Highly competent, helpful and friendly staff. 
● High quality support. Excellent employees who are willing to give their time to help field 

scientists 
● High, the equipment was in good working order, the quality of the instruction and training was 

good, and the students got a lot out of the opportunity to interact in a small setting with the 
LiDAR equipment. 

● I was very pleased with the support (proposal preparation). Sadly, the proposal was not 
funded. 

● Significant improvements on past equipment for TLS. Longer ranges helped efficiently cover 
the area we scanned. 

● Great support, Marianne Okal for our Spring 2013 fieldwork and Joe Pettit for our Spring 2014 
season were very helpful and efficient, working on short time constraints. 

● Chris has come out for several years, and has it all down pat.  The training for the students is 
great, and I think that they all feel competent to operate the equipment at the end of the 
project. 

● Overall, good, and I appreciate the attempts to keep costs down. Sometimes a lag time between 
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support request and response. 
● UNAVCO is invaluable.  I'll keep using the services as long as they're available. 
● Services provided by UNAVCO are unprecedented. I couldn't do my job without them 
● Jim Normandeau went above and beyond to make this work. Our in country collaborators are 

not easy to work with. 
 
Some constructive criticism, which we have already addressed: 
● We were provided a rigid 50 W solar panel that has a cross-wired power cord. This ruined 

batteries and caused data loss before we figured out the problem.  We also had a couple 
receivers malfunction on us. 

● One antenna had not been tested before going out and was found to be bad. 
● More reliable tripods would have been nice, but this is a minor point. 
● There were some issues regarding budget status and it was hard to track funds used relative to 

original PO from UTA; eventually everything was sorted out, but I found it a bit frustrating 
that UNAVCO and UTA didn't agree on spending levels at every step. 

● The only quibble is that some of the tripods sent were pretty decrepit, and we had to high-
grade them for our more sensitive work. 

● GLONASS would be good 
● Test equipment before going out. This is the only time in over 10 years that we have had a 

problem. 
● Ensure that equipment is packaged adequately for shipping. 

 
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. 
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 
establishment of a Development and Testing Product Council has supported tuning efforts across the 
organization with a focus on four areas: GNSS Systems (receivers and antennas), Data 
Communications (radios, cellular and satellite), Power Systems (including batteries, solar charging 
systems, and fuel cells), and Other Sensors (including borehole strainmeters, meteorological sensors, 
and tide gauges). The ongoing development of teqc software and the implementation of server-based 
real-time GPS positioning capabilities in close collaboration with GDS are important ongoing projects 
undertaken by the D&T staff.  The Development and Testing group led the process of selecting 
Septentrio as UNAVCO’s new GNSS Preferred Vendor, including definition of the RFP specifications, 
detailed testing of the respondents’ hardware, devising scoring and weighting criteria for the selection, 
and making the final recommendation to Senior Management.  See quarterly reports for more details. 

 
2.5 GI PROGRAM SUMMARY 
 
In GAGE Y2, the Geodetic Infrastructure Program focused on the planning and logistical efforts related 
to the challenging borehole strainmeter installations in Turkey, the ongoing cGPS/Met station 
installations in Mexico for TLALOCNet, which is on schedule as per the original plan, the continued 
efforts to close out the construction phase of COCONet. Continuing O&M for the PBO GPS and BG 
networks remain a high priority and these tasks account for much of the effort and resources available 
to the GI Program under the GAGE Facility.  Through August 2015, the BG Ops group has completed 
the installation of the three of six GTSM/Seismic instrument packages planned along the Sea of 
Marmara segment of the North Anatolian fault system. The NSF-sponsored community workshop to 
review the “Future of PBO in GAGE through 2018 and beyond” was successfully completed in 
September 2014 (technically in GAGE Y1, but after the submission of the Y1 Annual Report) and the 
final report was submitted and approved by NSF in February 2015 and published on the UNAVCO and 
IRIS websites to help inform the “Future GAGE/SAGE” workshop held in Leesburg, VA in May 2015.  
The PBO Ops team has been implementing the recommendations from the “PBO Futures” workshop 
report during GAGE Y2. In addition, two important RFP processes were also completed in GAGE Y2: 
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1) selection of the PBO-AK and Cascadia Preferred Vendor for helicopter support; and 2) selection of 
the PBO and related networks GNSS instrument Preferred Vendor. Completion of both of these 
processes were essential to the continued success of the GAGE Facility. 
 
3. Geodetic Data Services Program  
 
3.0 Geodetic Data Services Highlight 
 
UNAVCO maintains and operates a full-service data center for access to GPS/GNSS, Imaging (LiDAR 
and SAR), Strain, Tilt, Seismic, Tropospheric, and Meteorological data. To manage these diverse data 
sets UNAVCO has extensive databases, data management tools, web services, web browser tools, and 
systems for attribution of data. To enable collaborating institutions to more easily manage their own 
GNSS data, with some of the capabilities of UNAVCO’’s own data systems, UNAVCO developed the 
Dataworks software package. The Dataworks GNSS Database is a relational database used for tracking 
station and file metadata. It facilitates data management and data distribution when used in concert 
with the Geodetic Seamless Archive Centers (GSAC) software. The station metadata tracked by this 
database, if kept up-to-date, is the basis for best-quality processing of the GNSS files managed by 
Dataworks for GNSS. 
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Figure 3-1 (above) GDS Highlight. The Servicio Geólogico Colombiano installed UNAVCO’s Dataworks 
to establish the Colombian COCONet Regional Data Center. The Continuously Operating Caribbean 
GPS Observational Network (COCONet) project was funded by the NSF with the aim of developing a 
large-scale geodetic and atmospheric infrastructure at 30 countries in the Caribbean that will form the 
backbone for a broad range of geoscience and atmospheric investigations. Capacity building in science 
and infrastructure is a critical aspect of the project. Prior to commissioning of collaborators regional 
data centers and mirrors, a Dataworks training session was held at UNAVCO with data center staff 
from Barbados, Colombia, Mexico (TLALOCNet) and Nicaragua.   
 
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. Figure 3-2 provides a schematic view of GDS data flow. 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 
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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. In addition to 
GAGE core support, UNAVCO receives funding from the NSF EarthCube program and NASA ROSES 
ACCESS awards. 
 

 
 
Figure 3-2. Geodetic Data Services work flow. The workflow for data systems, managed under GAGE 
by GDS and its subaward partners, continues to evolve to further internal consistency and integration 
of data workflow, improve robustness, accommodate growth and diversity of data and data products, 
and facilitate better discovery, access and visualization. These developments are funded with core 
GAGE and additional NSF and NASA project funding for Cyberinfrastructure enhancements including 
EarthCube, COOPEUS, GEO Supersites, NASA ROSES ACCESS and other activities.  
 
The Geodetic Data Services program collects and tracks 90 detailed and six key summary metrics. 
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. These metrics are compiled and reported quarterly. The primary key summary 
metric is the total archived data volume (Figure 3-3). The cumulative volume of data archived since 
2004 and through the end of three quarters of GAGE Y2 is approximate 157 TB. This volume has 
already exceeded projections of 134 TB made for the end of the second full year in the GAGE proposal 
though the sensor data volume ratios are different from that anticipated. One measure of the usage of 
data is the number of users (Figure 3-4). All but SAR data (which has user registration imposed due to 
constraints from contributing foreign space agencies who provide the data) have anonymous access so 
a variety of means are used to compile statistics that are representative of user numbers. The 
background level of users is currently ~2,500/quarter. 
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Figure 3-3. Cumulative total UNAVCO data volume archived from 01 January 2004 through 30 June 
2015 along with projected values originally forecast in the GAGE proposal through the end of FY 2015. 
The actual total data volume through June 2015 already exceeds the projected total data volume 
through September 2015. The distribution of growth among constituent data products differed from 
projections in the areas of imaging data. Specifically, TLS data volume has grown over the last year but 
not as rapidly as originally projected while SAR data volume has grown more rapidly than originally 
projected in the GAGE proposal. The TLS difference is primarily due to fewer community field projects 
being supported than anticipated as well as more efficient data product management/storage resulting 
in smaller file sizes. The SAR volume growth is primarily due to the acquisition of data from new 
satellite missions such as SENTINEL-1, ALOS-2, TSX and COSMO-Skymed, and the larger file sizes of 
new SAR mission products compared to earlier mission products.  Seismic data volume exceeded 
projections partly due to greater higher level products generated in response to earthquakes. GPS data 
volume exceeded projections partly due to the generation of new higher level products from 
reprocessing efforts, and high rate (1-Hz and 5-Hz) data collected in response to earthquakes. 
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Figure 3-4. Number of UNAVCO data users by quarter from 01 January 2009 through 30 June 2015. 
The method of counting users varies by data product, for example by unique IP address, second level 
domain or active registered users. Historic borehole data (seismic, BSM, etc.) user metrics were 
refined in Y2, resulting in slight differences (mostly increases) to user counts reported in Y1. Even 
downweighting the anomalous increase in users in 2014-01, there is an increase in users in the first 
two years of GAGE.  

 
3.2 DATA OPERATIONS AND MANAGEMENT 
 
3.2.1 Network Data Flow 
 
Network data flow, the second column from the left in Figure 3-2, covers data and metadata 
management from thousands of GPS and borehole geophysics instruments operating in the field to the 
Boulder operations center, a critical activity in support of data archiving and distribution. This task 
includes station configuration management, data downloading and streaming, metadata management, 
maintenance and other steps related to data flow from the sensors. 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. The heart of the data flow system is the 
PBO Operational Database (POD). A significant refactoring of the POD is underway to streamline 
fields and to reduce complexity that will result in simpler database management. Work on the 
automation of metrics continued this month. The development of a new web framework that allows 
users to display monthly/quarterly/yearly metrics for all categories and networks was completed. The 
modification of software of tiltmeter data for the collection and archiving of tilt data progressed. These 
changes will remove data stored in the database, improve overall database performance and reduce 
disk requirements. High rate (1 Hz and 5 Hz) GPS data downloads continue to be requested and 
require additional resources for data handling, processing and storage. To efficiently meet demand, 
these processes are being streamlined and criteria for data-related aspects of event response continue 
to be evaluated and improved.  

 
3.2.2 Campaign Data Flow  
 
Data flow for PI GPS campaigns averages two campaigns per month, still a relatively minor activity. 
There were no maintenance or improvements needed to standard GPS campaign data flow operations 
this year. For TLS campaigns the rate averages three campaigns archived per month via the current 
RAMADDA system. This includes not only archiving of TLS raw data, point clouds and metadata but 
also related GPS data collected for the reference frame application. 
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3.3 DATA PRODUCTS  
 
GAGE data products included a variety of high-quality geodetic data products from a diverse suite of 
geodetic instruments shown schematically in figure 3-2. Depending on data type, UNAVCO and its 
subawardees provide everything from raw data (Level 0), to RINEX and QC files (Level 1) and 
fundamental derived products such as stations positions, time series and velocities (Level 2), which 
allows us to serve a range of users from experts in raw data analysis to those whose research requires 
reliable derived products such as geodetic time series. As shown in figure 3-3 UNAVCO has collected, 
processed and archived since 2004 over 155 TB of GPS/GNSS, strain, seismic, tilt, LiDAR, SAR and 
meteorological data. Three quarters into the year the volume archived already exceeds by ~20 TB the 
annual projected volume. At the same time nearly twice this volume was delivered to educational 
institutions, government agencies, and commercial organizations in the United States and 
internationally. We anticipate that UNAVCO will generate ~200 Tb of data and data products by the 
end of GAGE Y5. 
 
3.3.1 GPS/GNSS Data Processing and Products  
 
The GAGE GPS Analysis Centers (AC’s) and Analysis Center Coordinator (ACC) processed data and 
provided products this period from ~2,000 GPS stations in the PBO, COCONet, TLALOCNet, GAMA 
and SCIGN networks as well as NGS CORS and other regional stations in middle and eastern North 
America. The ACs/ACC produce Level 2 GPS products including station position and velocity 
solutions, position time series, station velocity estimates and coseismic offsets for significant events. 
Central Washington University and the New Mexico Institute of Mining and Technology use different 
GPS analysis software packages (GIPSY and GAMIT, respectively) to process all PBO Level 1 RINEX 
data into initial Level 2 products, which the Analysis Center Coordinator at MIT then merges into a 
unified set of high-quality combined products in two standard reference frames (NAM08 and IGS08). 
UNAVCO based this structure on the experiences of the International Global Navigation Satellite 
System Service (IGS) and SCIGN, which have shown conclusively that having multiple independent 
processing strategies produces the highest quality GPS solutions. GPS position estimates produced in 
this exacting manner are normally precise to ±2 mm horizontally and ±5 mm vertically. GAGE-PBO 
network solutions exceed this high standard. The number of stations routinely processed by the 
ACC/AC’s in Y2Q3 was 1,917 stations. In addition to routine product generation, a major achievement 
this period was the successful completion of a major reprocessing effort that was initiated by the 
AC’s/ACC in 2012. This effort combined with routine processing through Y2Q3 has provided the 
community with updated, refined products from more than 2,135 stations since 1996.  
 
QC parameters for GPS data range from receiver tracking performance to continuity of data supplied 
to the end user. New QC post-processed parameters developed under the GSAC project will continue to 
be provided by Geoff Blewitt (UNR) for GAGE through separate NASA funding to UNR. New post-
processed solutions from UNR, including 5 minute position time series produced hourly, will be 
provided through web services developed under a newly awarded NASA ROSES ACCESS project led by 
UNAVCO. 
 
New community user resources were introduced this period including a data products status log on the 
UNAVCO web page and a Google+ based technical news page featuring highlights on GPS station time 
series, product updates, and other topics.  

 
3.3.1.1 GPS Analysis Center Subaward: Central Washington University 
The CWU GAGE GPS Analysis Center (AC) processed data and provided products this year from 
~2,000 GPS stations in the PBO, COCONet, TLALOCNet, 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. In addition to routine operations in Y2, significant work 
was performed by CWU to successfully complete the major reprocessing effort that began during the 
PBO Cooperative Agreement. Enhancements to CWU’s processing hardware and software were made 
throughout the year to maintain and improve performance and product delivery. For example the 
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CWU processing cluster currently includes ~700 CPU cores, and CWU transitioned to the more 
computationally efficient WLPB PPP products from JPL. Due to these and other enhancements, CWU 
can process the entire GAGE analysis network in ~3 minutes. 
 
3.3.1.2 GPS Analysis Center Subaward: New Mexico Tech 
 
The NMT GAGE GPS Analysis Center (AC) processed data and provided products this year from 
~2,000 GPS stations in the PBO, COCONet, TLALOCNet, 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 mostly stable during this period, although a series of hardware related issues 
adversely impacted operations several times during this period. The most significant issue began in 
GAGE Y1Q4 when a water leak in the NMT campus server room caused extensive damage to the AC 
processing equipment, necessitating replacement. Immediately after the water leak, NMT AC 
personnel were able to establish temporary operations using borrowed equipment, so that routine data 
product generation for GAGE could continue without major interruption. Also, data were thoroughly 
backed up, so no permanent data loss resulted from this incident. However the equipment replacement 
process took several months to complete, and occasional interruptions to operations were experienced 
through early Y2Q2. At the time of this report the replaced processing cluster is now fully operational 
and no further issues related to this incident are anticipated. Software updates and system 
improvements were also made throughout the year to maintain and improve performance and product 
delivery.  
Following this major reprocessing effort, the NMT AC performed additional reprocessing to correct an 
error associated with 17 stations located near Yucca Mountain, Nevada. This additional reprocessing 
added solutions in the 1999-2004 period that were omitted from the earlier major effort, and fixed an 
incorrect antenna radome assignment for the 2005-2011 period. 
 
3.3.1.3 GPS Analysis Center Coordinator Subaward: Massachusetts Institute of 
Technology 
 
The MIT GAGE Analysis Center Coordinator (ACC) analyzed AC products and provided combined 
rapid and final level 2a products from ~2,000 GPS stations in the PBO, COCONet, TLALOCNet, 
GAMA and SCIGN networks as well as selected NGS CORS and other regional stations in middle and 
eastern North America. Analysis 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 0.9 mm for all centers and as low as 0.7 mm for NMT and PBO 
north component. The up RMS scatters are less than 4.3 mm and as low as 3.7 mm. Seasonal changes 
in atmospheric delay properties will introduce small variations in these values quarter to quarter with 
this quarter being overall better than last quarter. In the NAM08 frame realization, scale changes are 
not estimated.  
 
An important development this period is that MIT now generates monthly “snapshot” velocity fields in 
the NAM08 reference frame based on the time series analysis of all data processed to that time. These 
snapshot “SNAPS” files and derived “SNIPS” files are distributed in the standard PBO velocity field 
format. These new monthly snapshot velocity files complement the more computationally robust final 
velocity files that will continue to be generated on an annual basis. This provides users with a series of 
velocity products: 1) the “final” velocity file provides the best possible estimate for all stations in the 
analysis network, 2) the “SNAPS” velocity file provides a very good estimate for all stations in the 
analysis network including newly built stations that may not yet be available in the final velocity file, 
and 3) “SNIPS” velocity file is a subset of the SNAPS file that only includes stations with significant 
deviations from the most recent final velocity file (e.g. stations that are newly built, or have event 
related velocity changes). The most recent final velocity file was generated by the ACC in November 
2014 using the new results from the massive reprocessing effort.  
 
In the most recent quarter MIT generated these velocity estimates for the reprocessed results and the 
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current GAGE analyses that are in the NAM08 reference frame. There were 2,135 sites used. 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 0.09 mm/yr horizontal and 0.59 mm/yr vertical in direct difference of all sites with in 
0.5 meters of each other (2,144 comparisons). Detailed presentation and discussion of processing and 
comparison statistics are provided in the full MIT quarterly report available from the UNAVCO 
website. 

  
3.3.1.4 GAMIT/GLOBK Community Support Subaward: Massachusetts Institute of 
Technology 
 
Development. MIT has made steady progress over the year to GAMIT in order to support GNSS 
observations other than GPS. The short-term plan is to allow GAMIT to process observations on two 
frequencies from any single GNSS, and to combine the separate GNSS processing for each day into a 
single multi-system solution for station coordinates using GLOBK. To begin to implement this plan 
structural modifications were made including bookkeeping modifications to tables, internal data file 
formats, and ~60 subroutines. The second phase is to incorporate the models specific to each of the 
non-GPS systems. These include satellite yaw, radiation-pressure parameters, SV antenna phase-
center offsets and variations, and, for GLONASS, satellite-dependent carrier frequencies.  Once this is 
accomplished (~end of 2015), MIT will test GAMIT using the RINEX 2.11 files generated from the 2012 
MGEX campaign.   
  
Once the GAMIT modifications for GNSS are completed and tested, it will be possible to generate daily 
estimates of station coordinates, atmospheric zenith delays, and Earth orientation parameters ("quasi-
observations" in the form of GAMIT h-files or SINEX files) that can be combined by GLOBK. Although 
achieving direct-combination capability in GAMIT and TRACK is a long-term goal, the task is a full 
person-year's effort that is beyond MITs current resources. 
  
Support. MIT finished and distributed a new release of software and distributed source files, scripts, 
and tables to over 1,000 institutions currently holding licenses. In addition to the structural 
modifications to support GNSS and changes to plotting scripts to be compatible with GMT5, the 
release included the usual bug fixes, minor feature enhancements, and additions of supported receiver 
and antennas described in previous reports. MIT spends 5-10 hours per week in email support of users. 
There were no UNAVCO-sponsored data-analysis workshops during this period, but Mike Floyd 
conducted a workshop in Baku, Azerbaijan, attended by 10 analysts from Azerbaijan, Georgia, Russia, 
and Turkey. Presentation materials and feedback from this workshop will support future workshops 
conducted with NSF funding. 
 
 
3.3.1.5 Custom Data Product Requests 
 
UNAVCO supported a total of 17 custom data requests for high rate (1-Hz and 5-Hz) GPS data 
downloads this year for earthquake event responses as well as community PI requests to support 
regional airborne LiDAR missions (including NCALM projects), FAA, SCEC, Dept. of Homeland 
Security, and commercial surveys. A total of 59 custom data requests have been handled since the 
beginning of GAGE. UNAVCO continues to develop and implement significant improvements to 
custom data response operations in terms of staff and procedures, with further improvements planned 
in the near future. 
 
3.3.2 Strain, Seismic and Tiltmeter Data Processing and Products 
 
Data products for PBO strainmeters include processed strain time-series and the metadata required to 
generate the processed data from the raw data channels. Both BSM and LSM processed data sets 
include the strain time series in geophysical units plus corrections for the Earth tide and ocean load at 
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each site, the barometric pressure response and estimates of offsets in the data. The BSM data also are 
corrected for long-term borehole trends. The standard sample interval for the processed data is 5-
minute interval though a 1-sps data set is generated for the BSMs after significant geophysical events 
or upon user request. The LSM data set is updated at least once every 14 days while the BSM data set is 
updated every 24 hours. In addition to the time series, the tidal models, the barometric response 
coefficients, the borehole trend models are also supplied to the community as data products. 
  
UNAVCO collects seismic data at 79 borehole sites across the PBO network; all but five are installed in 
the same borehole as the strainmeters. Data are recorded at sample rates of 100 and 1 sps on a 
Quanterra Q330 digitizer with a Marmot data logger. The data are downloaded via the Antelope 
system and arrive at UNAVCO and the IRIS DMC (the archive for PBO seismic data) in near real time. 
UNAVCO creates and maintains the dataless SEED for each of the seismic sites sending updates as 
needed to the DMC. Once at the DMC the seismic data are available to the community in full SEED, 
miniSEED or SAC format. UNAVCO’s Seismic Data Products web page provides links to view the 
current data download performance, data recovery rates and daily webicorder plots. 
  
Tilt data are recorded at 26 sites, all in volcanic regions: Mount Saint Helens, Yellowstone, and the 
Akutan and Unimak Islands in Alaska. The Yellowstone and Mount Saint Helens sites that are co-
located with PBO borehole strainmeters and seismometers and sample at 1 sps. The data are pulled to 
UNAVCO via the Antelope system along with the seismic data. Tiltmeters installed at non-BSM sites 
usually have a sample interval of 600 s, are recorded on a NetRS and downloaded as BINEX files to 
Boulder. All tilt data are parsed and read into file based database. The data are made available as full 
sample rate 1-hour long files and as 10-minute interval yearlong files. Data are pushed once per day to 
an anonymous FTP site at UNAVCO. Tilt plots, data and site information can be accessed from 
UNAVCO Data Products website. 
 
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. Data from the tiltmeter installed June 18th 2014 in the new B950 Yellowstone replacement 
borehole (installed in October 2013) are now available from the UNAVCO web site. The data available 
from this installation indicate the data are of good quality; there are minimal steps in the time series 
and a strong signal in the M2 tidal frequency.  
 
UCSD, through a subaward managed by UNAVCO, processes data and provides products from the long 
baseline laser strainmeter network. Routine operations, including data editing and cleaning, and 
product generation in Y2 were stable. 
 
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 with GAGE-produced hydrologic loading model products updated quarterly and made available 
from ftp. Documentation and metrics related to new hydrologic loading data products continue to be 
developed. A new activity was the initiation of efforts to develop more precise hydrologic data products 
based on the national NLDAS model in addition to global GLDAS model. 
 
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.  OpenTopography supports EarthScope ALS 
data products; metrics are reported to UNAVCO. No new ALS data product activities have been 
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performed to date under the GAGE Cooperative Agreement. 
 
3.4 DATA MANAGEMENT AND ARCHIVING 
 
3.4.1 GPS/GNSS  
 
The GAGE 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 sources include UNAVCO-
managed resources such as the PBO network, as well as PI-managed networks and campaigns. 
 
Data archiving and distribution is an operational activity that continues to grow, with stations added 
for archiving from Antarctica Erebus, Antarctica PI, Antarctica POLENET, Arctic Infrastructure, 
COCONet, HoustonNet, IGS, MAGNET, Nepal, Pisagua Earthquake RAPID Bolivia, Popocatepetl, 
TLALOCNet, and USGS Southern California, and Volcano networks. Improving the speed of 
throughput for GAGE Analysis products archiving was a focus this year. Through analysis of 
throughput we were able to determine that our SAN storage hardware is significantly slower for writes 
than the archiving activity demands. This speed requirement is informing the specification of new SAN 
storage hardware purchase slated for purchase. Prototype web services have been developed for on-
the-fly raw to RINEX translation that allow the user to make tailored data output easily, adding 
flexibility for the user and potentially saving on long-term storage disk needs. We are ramping up our 
internal development of tools and methods for handling the RINEX 3 file format. 
 
3.4.2 Real Time GPS Data Flow and Management 
 
UNAVCO provides high-rate (1 Hz), low-latency (<1 s) GPS raw and PPP-AR processed data streams 
(RT-GPS) from approximately 465 stations, 391 of which are PBO stations, including 282 stations 
upgraded as part of the NSF-funded ARRA Cascadia initiative. 
 
RT-GPS data users are classified into three groups: academic, commercial and government. 
Commercial users were the largest group to access raw RT-GPS data but government agencies and 
nonprofit consortia collectively downloaded the largest volume of data. 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 the year.  
 
RT-GPS PPP-AR processed data is operational for all raw data streams collected with the UNAVCO 
real-time. UNAVCO monitors the real-time conditions of network including latency, completeness, 
stability to support on-going research in Natural Hazard Early Warning Systems. (Figure 3-5). Effort is 
underway to evaluate solution uncertainties and covariances against alternate processing strategies 
and baseline best-case post-processed solutions.  
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Figure 3-5 Analysis of the latencies by communication type for the real-time network for July 2015. 
 
3.4.3 Borehole Geophysics Data: Strain, Seismic, Tiltmeter, Pore Pressure 
 
Most strain, seismic, tiltmeter, and pore pressure data metrics remain fairly steady over the course of 
the year. Data from all tiltmeters was re-processed and corrected for an ordering issue with the 
ancillary data of temperature, orientation and voltage. Data were moved from the POD database to a 
more efficient file structured storage system.  

 
3.4.4 LiDAR – Terrestrial and Airborne Laser Scanning Data 
 
Data from TLS PI projects are added to the archive as projects are completed, with approximately 814 
GB of TLS data added this quarter. Approximately 133 GB of data have been downloaded from the TLS 
archive by 15 unique users. TLS data archiving activities during this period included curating and 
archiving legacy TLS projects that were supported between 2009 and 2012, mostly in the Antarctic and 
Arctic regions. The project materials and data products that are now publicly available through the 
UNAVCO TLS data archive website.  
 
Development continued on a new TLS data archive and access system based loosely on the system that 
underlies the WInSAR Portal. The TLS Data Engineer (M. Okal) has been working with the Geodetic 
Imaging Project Manager (Crosby) and Software Engineer (Baker) to define database schemas for the 
new archive. This effort is based on previous efforts to define a standard TLS metadata schema and 
development of a TLS archive requirements document. A new metadata database has been created to 
allow a more structured and dynamic representation of project information and to allow the archive to 
function better internally when queries are made by users and visitors. In additional to the metadata 
database creation, a new user interface and data upload and retrieval process are being developed. The 
final step in the archive improvements will be to restructure the organization of TLS archive files on 
disk to better align with the adopted metadata schema and web interface. In an effort to align TLS data 
archive with UNAVCO best practices, initial steps have been taken to create an offsite backup of the 
TLS archive using Amazon’s Glacier cloud storage services. With a newly funded supplement TLS web 
services will be created following EarthCube “GeoWS” protocols. 
 
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 
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Terrain Modeler, 10 seats of Polyworks, and five seats of Trimble Business Center. During this period 
software maintenance on several of these software packages were updated. 
 
OpenTopography is the official archive and access point for EarthScope ALS data. Metrics provided by 
OpenTopography this quarter: 127 unique users accessed point cloud and raster terrain products, 
running 180 jobs to access data. 
 
3.4.5 SAR Data 
 
UNAVCO manages two tasks in support of SAR Data:  the archive and GEO SuperSites. 
 
SAR Archive 
UNAVCO has managed the SAR Archive since 2005, with significant recent enhancements under a 
supporting NASA award. Under GAGE, UNAVCO orders ESA and TerraSAR-X 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. WInSAR scenes from 
the European Space Agency (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. In GAGE Y2Q3 UNAVCO added support for ALOS-
2 data archive, including PI proposal management and automated data download. Search and 
discovery for these hosted data is possible through the UNAVCO SAR Archive GUI and API interfaces. 
Access to data from COSMO-SkyMed, RADARSAT-2, and ALOS-2 are 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. 
 
 
GEO Supersites support 
With NASA ROSES funding, UNAVCO provides for the GEO Supersites and Natural Laboratories 
initiative 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. 
UNAVCO also participates in Supersites governance. 
 
As noted above, UNAVCO now supports TSX, COSMO-SkyMed, RADARSAT-2, and ALOS-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 
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environments, and metadata and product formats. The goal is to leverage the SSARA work to build 
federated access to data hosted by the space agencies that participate in Supersites. Federated query of 
Supersites SAR data (ESA’s Virtual Archive 4 and DLR’s TerraSAR-X Archive) along with data at the 
Alaska Satellite Facility and UNAVCO is now available due to SSARA efforts (http://web-
services.unavco.org/brokered/ssara/). 
 
In GAGE Y2Q3, considerable progress was made on the development of an InSAR product archive. 
UNAVCO developed a new HDF-EOS5 standard product format for contributed InSAR products. 
Associated with this product format, we also produced scripts/converters to generate HDF5 format 
InSAR products from GMTSAR and ISCE, to enable users of these software packages to quickly 
generate compliant products. Also this quarter, we implemented user controlled DOI assignment for 
InSAR products uploaded to the UNAVCO InSAR archive (https://winsar.unavco.org/portal/insar/). 
The API (https://winsar.unavco.org/portal/insar/api/interferometry/) also uploads InSAR products, 
and users are now able to request a DOI from UNAVCO, making the products persistent and citable. 
This functionality was fast-tracked this quarter in response to community demand as InSAR products 
from the April 2015 Nepal earthquake were being generated. 
 
3.4.6 Support of the IGS Central Bureau 
 
As part of its NASA component tasks, UNAVCO provided participant and logistical support to the 
International GNSS Service Central Bureau (IGSCB) by arranging accommodations for the GGOS 
Consortium Meeting, and the IGS governing board meeting that took place in December 2014 at the 
Fall AGU meeting in San Francisco. In total UNAVCO provided support for 13 community meetings at 
AGU, nine of which were in support of NASA activities. UNAVCO also hosted the IGS / GGOS 
reception at AGU and the IGS GB meeting in Vienna, Austria at the EGU meeting. 
 
UNAVCO regularly participated in meetings and teleconferences with personnel from the IGS CB 
regarding the final release of the IGS site log manager and other on-going operational activities. The 
Site Log Manager was developed and released to the IGS community in Year 1. Ongoing operational 
support includes reviewing site log submissions, updating site logs that are in older formats, and 
maintaining equipment records in the site log manager database. In year 2 further modifications were 
made and the software is currently in full operations. Further software maintenance has been 
transitioned from contract development to in house. 
 
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. 
UNAVCO helped organize and hosted the August, 2015, “Meeting on Metadata Standards for Global 
Geodesy”. This meeting involved representatives of the GGOS services for GNSS, VLBI, SLR and 
DORIS and had the goal of tackling requirements for metadata standards needed to facility data 
exchange across the services and around the globe. A splinter meeting on the IGS XML project was 
conducted during this meeting. 
 
In related IGS activities, UNAVCO Geodetic Data Services (GDS) Director Dr. Charles Meertens serves 
as an At Large member of the IGS Governing Board and Dr. Fran Boler was elected to the Governing 
Board as Data Representative. Dr. Louis Estey, from the UNAVCO GDS Data Group, serves on the IGS 
Infrastructure Committee. Dr. Frederick Blume serves on the IGS Antenna Working Group.  
 
3.5 CYBERINFRASTRUCTURE  
 
UNAVCO develops its cyberinfrastructure through core GAGE funding, supplementary funding to 
GAGE, COOPEUS and EarthCube projects, and NASA ROSES ACCESS projects. Increasingly 
UNAVCO is moving towards REST web services with standards for services and formats coordinated 
internationally and nationally and within and across scientific domains. Through these efforts we seek 
to expand the cyberinfrastructure capabilities of UNAVCO’s geodetic data systems. REST web services 
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and a companion REST web service documentation system that includes a URL builder have been 
implemented and are now available to the user from the Data section of the UNAVCO web site. 
Development of these web services is being integrated into core data services. 
 
Activities through the IRIS-led EarthCube Building Blocks GeoWS award “Deploying Web Services 
Across Multiple Geoscience Domains” include participation in technical and management level 
meetings as well as modifications and enhancements by our software team to web services that are 
being leveraged by the award. Enhancements included the new REST web service documentation 
system that includes a URL builder. Developments were rolled out at the EarthCube All-hands-
meeting. New supplements from EarthCube will allow for implementation of GeoWS standard services 
for SAR and TLS archives. 
 
The “Discovery through Semantic Connections” (EarthCollab) EarthCube-funded project is based on 
the Cornell-developed “VIVO” semantic web ontology and web presentation software. For the 
EarthCollab project, software staff members are working on backend RESTful web services to populate 
the VIVO instance with information on UNAVCO’s data sets and DOI metadata. The Content Specialist 
working on this project made presentation for UNAVCO staff on the EarthCollab project, VIVO, and 
the utility of the ORCID system for supporting staff and researcher identity metadata. Staff regularly 
attended and contributed to project meetings as well as EarthCube and VIVO technical meetings. 
 
UNAVCO’s efforts to promote the Geodesy Seamless Archive Centers (GSAC) software has led to 
installation by some of the European Plate Observing System (EPOS) archives and is under evaluation 
for wider adoption when EPOS funding is continued in Fall of 2015. The further adoption of the 
technology for EPOS and anticipated development of a European federated GSAC will lead to 
harmonization of information technologies across the Atlantic and broader and easier access to 
geodetic data. This activity is funded in part by an NSF COOPEUS award. 
 
A major push was completed this quarter to finalize the software delivery method for any interested 
group for the Dataworks software project. A GitLab instance of the widely-used GitHub source code 
control and open source distribution software was implemented and configured on a UNAVCO virtual 
machine, with a web interface for external subscribers to request an account and download the 
software. Dataworks combines receiver download control capability, GNSS data file management, 
metadata harvesting and management, and GSAC presentation and mirroring software. Dataworks 
was successfully deployed to three COCONet and one TLALOCNet Regional Data Centers last quarter. 
The Dataworks documentation and the software area of the UNAVCO website was significantly 
expanded to support the release. A web highlight is in preparation. This major push was timed to 
coincide with the IRIS-hosted Geophysical Networks in Latin America workshop, where a poster and a 
talk on Dataworks were presented. 
 
As noted earlier, 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. Due to budget constraints, a contract software engineer who had been 
exclusively working on SLM development and enhancement was let go. A transfer of knowledge to full 
time staff in Boulder occurred prior to the contractor being released.  Support for the application is 
moving into a maintenance phase. 
 
Maintenance reports created in UNAVCO’s Metadata Management tool (MDM) result in the creation 
of site log reports to IGS.  In the past, these reports were generated immediately after field engineers 
entered the information into MDM. Changes were made to this process so that the reports are 
generated only after a Data Analyst at UNAVCO has validated the data entered. This eliminates the 
need for manual work required to resend reports when corrections are made by analyst. UNAVCO is 
continuing to spearhead an effort to move IGS forward with automated exchange metadata among IGS 
data centers using XML. During the previous quarter, comments were solicited from about a dozen 
global participants on the IGS XML schema developed by SOPAC as the vehicle to move ahead. New 
developments in an international standard called GeodesyML by a global set of interested groups is 
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becoming of focus of the IGS effort. This standard allows for an IGS XML site log application schema. 
 
A number of internal infrastructural projects were conducted this year. Modifications were made to 
UNAVCO web pages to better link them to a cloud version of the Knowledge Tree documentation 
management system used for UNAVCO business and program services documentation. Once this was 
completed, all documents and users from the UNAVCO hosted Knowledge Tree site were moved over 
to cloud version. Modifications were completed last quarter on multiple applications supported by the 
data archive group so that they could be accessed as part of the unified unavco.org web site. This work 
completes the migration of all sites that previously were supported under the UNAVCO facilities web 
site. Work was started last quarter to migrate the current web site that is executing on SUN operating 
system over to a Virtual Machine executing Linux CentOS. 
 
The Google Gmail trial that was initiated at the beginning of this year has continued such that over a 
quarter of the users at UNAVCO are now supported by this platform. The IT group has decided to end 
the trial and move forward with the migration of all users at UNAVCO over to gmail.The UNAVCO IT 
group has begun work on several other initiatives this part quarter. One of these projects is an open 
source tool that allows them to build standard configurations for all operating systems. When a new 
system needs to be deployed, it will created using a standard set of software packages. When upgrades 
to any of this software becomes available, it can automatically be deployed to all systems that have that 
software installed. This eliminates need to manually upgrade systems and provides more secure 
systems as all system will be upgraded automatically when security patches become available. The 
latest version of Confluence was installed. This was performed to close a security issue found in the 
release previous installed. The IT group is also testing a new configuration that would allow for 
external parties to be authenticated by UNAVCO authority. This would allow these parties to use tools 
within UNAVCO’s network. IT resources are also investigating new SAN system hardware that will be 
used to augment archive storage that is currently anticipated to be full be the end of this year or early 
next year.  
  
 
3.6 GDS PROGRAM SUMMARY 
 
The Geodetic Data Services program manages all the steps from station metadata management and 
downloading, to data flow, product generation, archiving and advanced cyberinfrastructure 
developments, for a heterogenous mix of sensors. The total volume of data, as well as the types of data 
and products, continues to grow, as does the user base. The complexity is also increasing with 
developments in RT-GPS, handling of geophysical event data sets, refinements to TLS archiving 
processes, and new satellite SAR systems coming online. There is greater emphasis on classroom and 
field course support, including development of online tools. UNAVCO GDS activities continue to be 
international and collaborative in scope and participation. In addition to participating in the 
International GNSS Service (IGS) governance and supporting the IGS Central Bureau, UNAVCO has 
been working to help remove technical barriers to data sharing by defining best practices and 
developing software tools such as the Geodetic Seamless Archive Centers software to facilitate 
international data sharing and discovery from a broad community of international data repositories. 
DataWorks software was developed to provide an additional capability for network data management. 
Data web services, currently under development, are the framework for UNAVCO contributions to 
multi-technique, interdisciplinary, and integrative activities such as CooPEUS, GEO Supersites, 
EarthScope, and EarthCube. 
 
 
4. Education and Community Engagement    
 
The Education and Community Engagement (ECE) program is active across a spectrum of community 
support including professional development activities for community scientists and teachers, 
development and dissemination of geodesy-focused education materials, geoworkforce development, 
and communications highlighting community science. The ECE team actively contributes to UNAVCO 
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website upgrades, leads the organization-wide social media effort, works with UNAVCO staff to 
develop Program Highlights, and collaborates with external partners to develop interactive museum 
displays.  
 
4.0 ECE Program Highlight: Summer 2015 Interns at UNAVCO 
 
UNAVCO hosts three summer internships, each with a different focus: Research Experiences in Solid 
Earth Science for Students (RESESS), Geo-Launchpad, and the UNAVCO Summer Internship Program 
(USIP). UNAVCO hosted 18 interns during summer 2015. ECE managed the coordination and logistics 
of the internship programs. Interns were managed by UNAVCO staff and local geoscience researchers.. 
Since 2003, UNAVCO has hosted over 100 interns in a variety of work capacities. A list of interns and 
their areas of work is available on the UNAVCO website under the Student Opportunities section of the 
Education pages. 
 

 
Figure 4-1. RESESS, Geo-Launchpad and UNAVCO Interns on presentation day. Front Row (l to r): 
Crystal Burgess, Stacy Hendricks, Nicole Ingraham, Deanna Metivier, Alexis Ho Liu.  Second Row (l to 
r): Garth Ornelas, Anny Sainvil, Dana Downs, Ann Marie Prue, Brandt Scott, Kate Shervais. Third Row 
(l to r): Sarah Kittross, Enrique Chon, Carson MacPherson-Krutsky, Jessica Whiteaker, Austin 
Madson, Andrew Bayles 
 
Research Experiences in Solid Earth Science for Students (RESESS) RESESS is a ten-week 
summer internship program dedicated to increasing the diversity of students entering the geosciences, 
for upper-level undergraduate and graduate students. The 11th RESESS cohort included seven new and 
two returning interns. Students represented nine universities: Boise State University, Alfred 
University, University of Arizona, Rocky Mountain College, North Carolina State University, 
Southwestern University, University of Wisconsin-River Falls, Smith College and Union College. 
Interns were mentored by researchers, graduate students and staff from the University of Colorado-
Boulder, NOAA-ESRL, Colorado School of Mines, Texas State, and UNAVCO.   
 
RESESS Alumni Lennox Thompson (2006, 2007, 2008) defended his dissertation, titled 
“Development of a 3-D Shear Wave Model Using a Multi-Objective Optimization Scheme” at the 
University of Texas – El Paso on March 3rd. Emanuelle Feliciano (2007, 2008) defended his 
dissertation, titled "Multi-scale remote sensing assessments of forested wetlands: Applications to the 
Everglades National Park" at the University of Miami on April 2nd.  
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Five RESESS Alumni earned national recognition in the geosciences. Calvin Johnson (2011, 2012), 
Gina Oliver (2013), and Joshua Russell (2014) were awarded Graduate Research Fellowships from the 
National Science Foundation. Jenny Nakai (2012) earned a Best Student Presentation Award at the 
2015 Seismological Society of America Annual Meeting in Pasadena, California. Wesley Weisberg 
(2014) earned a Geological Society of America Rocky Mountain Section Undergraduate Research 
Grant, which funded a continuation of the research he started during his 2014 RESESS summer 
internship. 
 
Geo-Launchpad Internship 
Geo-Launchpad is an eight-week summer research internship program dedicated to increasing the 
diversity of students entering the geosciences, for first and second year undergraduates and 
community college students. The  2015 Geo-Launchpad Intern cohort included four interns: three 
community college students and one rising sophomore from a four-year university.  
 
Geo-Launchpad helps students develop research-ready skills, and provides support in creating a career 
path in science, engineering, or technology. Interns spend eight weeks at UNAVCO in Boulder, 
Colorado, working on a collaborative project under the guidance of a UNAVCO project manager, 
culminating in a poster presentation. A faculty mentor from their home institution provides guidance 
and support before, during, and after the program.Interns participated in professional and personal 
development activities, including one-on-one mentoring, research-ready skills sessions, career 
exploration with guest speakers and, with RESESS, a communications seminar. 
 
UNAVCO Summer Internship Program 
The UNAVCO Summer Internship Program (USIP) offer internships of 8-10 week duration during 
which students work at UNAVCO. They gain real-world work experiences related to their major or 
career goal, and are open to undergraduate, graduate, or recently graduated students. Five interns 
participated during summer 2015. Interns worked under the management of individual UNAVCO staff 
on UNAVCO-related projects and also participated in broader intern activities. Joint activities included 
a field trip to local geologic points of interest including Dinosaur Ridge, Red Rocks, and Morrison, 
Colorado and social activities throughout the summer.   
 
4.1 ECE PROGRAM SUMMARY 
 
Geodesy, Community and Society 
The Education and Community Engagement (ECE) program continued to thrive during the second 
year of the GAGE facility. Efforts centered around engaging the UNAVCO community and broader 
public in activities highlighting geodesy in societal issues, strengthening geoworkforce development 
programs, and enhancing internal and external collaboration.   
 
UNAVCO ECE continues support for “K through gray” formal and informal education. Specific K-12 
efforts are framed around enabling teachers to incorporate PBO data into lessons aligned with the Next 
Generation Science Standards and providing resources such as geodetic scientific animations and 
videos of career opportunities in geosciences, all of which are available on the UNAVCO YouTube 
channel: unavcovideos. Advances in higher education teaching materials in the GEodesy Tools for 
Societal Issues (GETSI) program directly serve the UNAVCO member community. GETSI develops 
teaching materials for engaging undergraduate students in addressing societally important Earth 
science questions through the use of geodetic data. Through this resource instructors can access 
learning modules for integrating geodetic data into Earth science classes. All learners have access to 
new outreach products based on PBO instrumentation and data. PBO playing cards feature select 
stations and the corresponding velocity vector A Tectonic Motions of the Western United States poster 
visualizes over a decade of data from PBO.. 
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Figure 4-2. Front (left) and back (right) of the Tectonic Motions of the Western United States poster to 
be included in the 2015 Earth Science Week Teacher kits reaching 16,000 teachers across the United 
States. Another 4,000 posters are distributed to the UNAVCO community. 
 
Short courses taught by UNAVCO community and facilitated by UNAVCO staff are now offered in 
hybrid format. Hybrid courses have in-person instruction simultaneous with a virtual component. 
Formalizing this online component doubles the number of participants served. In addition, it provides 
a critical component of flexibility to the courses allowing persons who might not be able to travel to 
Boulder to still fully participate and engage in the discussion and is more conservative both financially 
and environmentally. Community instructors are extremely supportive if this shift and post-course 
evaluations indicate participants find the format effective.  
 
Outreach to the broader public continued with ECE coordinating multiple activities around the 
recognition of the 35th anniversary of the Mt. St. Helens eruption. Activities were coordinated by ECE 
and included staff from both GI and GDS. An informational video about the PBO instrumentation on 
the volcano and UNAVCO’s role in supporting science was released in May 2015. 
   
Partnerships 
ECE developed new collaborations and strengthened and refined the focus of existing partnerships 
with the following organizations and institutions of higher education. 
 
Organizations: AGI, AGU, GSA, EarthScope National Office, ESIP, ExxonMobil Foundation, Hatfield 
Museum Science Center, IRIS, Mt. St. Helens Institute, Mt. St. Helens National Volcanic Monument - 
U.S. Forest Service, NESTA, NEON, NOAA-ESRL, Science Education Resource Center @ Carleton 
College, SCEC, UCAR, USGS Cascades Volcano Observatory, Volcano Video Production, 3-Point 
Science 
 
Colleges and Universities: Austin Community College, Baylor University, College of the Atlantic, El 
Paso Community College, Front Range Community College, Indiana University, Mt. San Antonio 
College, Oregon State University, School of Mines, University of California-Riverside, University of 
Colorado-Boulder, University of Houston, University of Kansas, University of Michigan, University of 
Nebraska-Lincoln, University of Nevada-Reno, Syracuse University, Waubonsee Community College, 
Wesleyan University. 
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5. Summary 
 
GAGE Y2 was a very productive year, as we stabilized operations in the wake of the events of 2013, and 
realized the full benefits of integration of activities into the new organizational structure.   With 
continued focus on the hardening of operations, strengthening the management culture and employee 
engagement, as well as our responsiveness to community and sponsors, productivity was high in 
support of all of our stakeholders. 
 
The Geodetic Infrastructure Program focused on the planning and logistical efforts related to the 
challenging borehole strainmeter installations in Turkey, the ongoing cGPS/Met station installations 
in Mexico for TLALOCNet, which is on schedule as per the original plan, the continued efforts to close 
out the construction phase of COCONet. Continuing O&M for the PBO GPS and BSM networks remain 
a high priority and these tasks account for much of the effort and resources available to the GI Program 
under the GAGE Facility.  Through August 2015, the BSM Ops group has completed the installation of 
the three of six GTSM/Seismic instrument packages planned along the Sea of Marmara segment of the 
North Anatolian fault system. The NSF-sponsored community workshop to review the “Future of PBO 
in GAGE through 2018 and beyond” was successfully completed in September 2014 (technically in 
GAGE Y1, but after the submission of the Y1 Annual Report) and the final report was submitted and 
approved by NSF in February 2015.  The PBO Ops team has been implementing the recommendations 
during GAGE Y2. Two important RFP processes were also completed in GAGE Y2: 1) selection of the 
PBO-AK and Cascadia Preferred Vendor for helicopter support; and 2) selection of the PBO and related 
networks GNSS instrument Preferred Vendor.  Lastly, GI and GDS staff have recently initiated a 
process to obtain feedback from PIs that use UNAVCO GI engineering and instrument resources and 
data products. To date, the overall number of responses was limited, but in general, the feedback was 
extremely positive.  
 
Full staffing for the Geodetic Data Services supported excellent progress across its activities in 
metadata management, data flow, data products, archiving, and advanced cyberinfrastructure 
developments. The broad implementation of web services and seamless archives is maturing and 
supports flexibility in management of data from a complex and heterogenous mix of sensors. New 
challenges include developments in RT-GPS, handling of geophysical event data sets, refinements to 
TLS archiving processes, new satellite SAR systems coming online, and anticipation of new GNSS 
observables.  And opportunities for international collaboration continue to grow. 
 
The Education and Community Engagement (ECE) program continued to thrive during the second 
year of the GAGE facility. Broader UNAVCO community and public engagement, strengthening the 
relevance of geodesy to societal issues, and strengthening geoworkforce development programs further 
enhanced UNAVCO’s broad impact.   
 
 



Appendix A: Tables listing continuous GPS networks for which UNAVCO is providing            
support. 
 
UNAVCO provides operations and management (O&M) support at various levels to continuously operating             
GPS stations in PI networks. The O&M support includes data downloading, 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 of effort: 
 

● 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 provided by the PI’s 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             
provided by the PI’s 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. 

 
Table A-1. List of continuous GPS networks supported by UNAVCO in GAGE Y2 for EAR and Community                 
investigators. 

Network Name or 
Location 

Principal Investigator # 
Stations 

PI Funding 
Source 

Level of 
Effort 

SuomiNet-A Various ATM PIs 14 NSF-ATM Low 

SuomiNet-G (Geodetic) Various EAR/ATM PIs 16 NSF-ATM Low 

Caltech Andes Mark Simons, California 

Institute of Technology 

25 NSF-EAR Low 

Caltech Nepal Jean-Philippe Avouac, 

California Institute of 

Technology 

28 NSF-EAR Low 

Alaska Jeff Freymueller, University 

of Alaska, Fairbanks 

8 NSF-EAR Medium 

BARGEN Brian Wernicke, California 

Institute of Technology 

2 NSF-EAR Medium 

Tajik-Kyrgyz-Pamir Becky Bendick, University of 

University of Montana 

4 NSF-EAR Medium 

University of Houston 

Field Camp 

Guoquan Wang, University 

of Houston 

1 NSF-EAR Medium 

Panama Peter LaFemina, Penn State 

University 

4 NSF-EAR 

CAREER 

High 

Santorini, Greece Andrew Newman, Georgia 

Tech 

6 NSF-EAR 

Geophysics 

High 

CAP Andes Mike Bevis, Ohio State 

University 

57 NSF-EAR RAPID High 



RAPID-Bolivia Mike Bevis, Ohio State 

University 

11 NSF-EAR RAPID High 

Pakistan Roger Bilham, University of 

Colorado 

5 NSF-EAR 

Tectonics 

High 

Eritrea Rob Reilinger, 

Massachusetts Institute of 

Technology 

3 NSF-EAR 

Tectonics 

Low 

E. Med and Red Sea 

Continuous 

Rob Reilinger, 

Massachusetts Institute of 

Technology 

2 NSF-EAR 

Tectonics 

Medium 

Ethiopia Tectonics Roger Bilham, University of 

Colorado 

12 NSF-EAR 

Tectonics 

Medium 

Galapagos Dennis Geist, University of 

Idaho 

10 NSF-EAR-PET&

GEOCHEM 

High 

Central Asia Tom Herring, Massachusetts 

Institute of Technology 

6 NSF-EAR: CD Medium 

Malawi Rifting Donna Shillington, Columbia 

University 

10 NSF-EAR: 

Continental 

Dynamics 

Medium 

PLUTONS Matt Pritchard, Cornell 

University 

6 NSF-EAR: 

Continental 

Dynamics 

Medium 

Colorado Plateau Corné Kreemer, University 

of Nevada Reno 

35 NSF-EAR: 

EarthScope 

High 

Rio Grande Rift Anne Sheehan, University of 

Colorado 

26 NSF-EAR: 

EarthScope 

High 

Tanzania Eric Calais, Purdue 

University 

2 NSF-EAR: 

Geophysics 

Low 

El Salvador Chuck DeMets, University of 

Wisconsin-Madison 

4 NSF-EAR: 

Geophysics 

Medium 

Jalisco, Mexico Chuck DeMets, University of 

Wisconsin-Madison 

6 NSF-EAR: 

Geophysics 

Medium 

Mauna Loa James Foster, University of 

Hawaii 

22 NSF-EAR: 

Geophysics 

Medium 

Oaxaca, Mexico Chuck DeMets, University of 

Wisconsin-Madison 

6 NSF-EAR: 

Geophysics 

Medium 

Southeast Alaska Jeff Freymueller, University 

of Alaska 

6 NSF-EAR: 

Geophysics 

Medium 

Southeast Montana Becky Bendick, University of 

Montana 

8 NSF-EAR: 

Geophysics 

Medium 

Uganda S. Stamps, Georgia Tech 2 NSF-EAR: 

Geophysics 

Medium 

AfricaArry Andy Nyblade, Penn State 

University 

22 NSF-EAR: 

Geophysics 

High 



Central Iceland Rick Bennett, University of 

Arizona 

14 NSF-EAR: 

Geophysics 

Low 

Andaman Islands John Paul, Memphis State 

University 

5 NSF-EAR: 

Geophysics 

Medium 

Azerbaijan Continuous Rob Reilinger, 

Massachusetts Institute of 

Technology 

2 NSF-EAR: 

Geophysics 

Medium 

Dead Sea Continuous  Francisco Gomez 4 NSF-EAR: 

Geophysics 

Medium 

Las Vegas Geoff Blewitt, University of 

Nevada, Reno 

2 NSF-EAR: 

Hydrology 

High 

COCONet John Braun, UCAR et al 107 NSF-EAR: IF High 

GPS Soil Moisture Kristine Larson, University 

of Colorado 

12 NSF-EAR: IF High 

HoustonNet Guoquan Wang, University 

of Houston 

54 NSF-EAR: IF High 

Mid-America Bob Smalley, University of 

Memphis 

13 NSF-EAR: IF High 

TLALOCNet UNAVCO Community 24 NSF-EAR: IF High 

GULFNET Roy Dokka, Louisiana State 

University 

16 NSF-EAR: IF Medium 

Calabria Michael Steckler, LDEO, 

Columbia University 

5 NSF-EAR: IF High 

Telica Volcano Peter La Femina, Penn State 

University 

11 NSF-EAR: 

Petrology and 

Geochemistry 

High 

Costa Rica - Nicoya Tim Dixon, University of 

Miami 

19 NSF-EAR: 

Tectonics 

High 

Mediterranean Rob Reilinger, 

Massachusetts Institute of 

Technology 

15 NSF-EAR: 

Tectonics 

High 

Denali Fault Jeff Freymueller, University 

of Alaska, Fairbanks 

2 NSF-EAR: 

Tectonics 

Low 

SAGE, New Zealand Peter Molnar, University of 

Colorado 

16 NSF-EAR: 

Tectonics 

Low 

Bangladesh Michael Steckler, LDEO, 

Columbia University 

12 NSF-EAR: 

Tectonics 

Medium 

Peatland Minnesota Paul Glaser, University of 

Minnesota 

14 NSF - Other 

Geoscience 

Directorate 

Low 

RAPID-Mineral Seth Stein, Northwestern 

University 

2 NSF-RAPID High 



Susitna-Watana Jeff Freymueller, University 

of Alaska 

1 Community - 

UAF 

Low 

UNAVCO UNAVCO Community 5 Community - 

UNAVCO 

Low 

USGS Volcano Science 

Center 

Alaska, Hawaii, and Cascade 

Volcano Observatories 

103 Community - 

USGS 

Medium 

Socorro Andrew Newman, Georgia 

Tech 

2 Community 

Georgia Tech 

Low 

Idaho National 

Laboratory 

Suzette Payne, Idaho 

National Laboratory 

15 Community 

INEL 

Low 

DIVE Tim Melbourne, Central 

Washington University 

1 Community 

NASA 

Low 

Popocatepetl Enrique Cabral-Cano, 

UNAM 

1 Community 

Other 

Low 

Solano County UNAVCO Community 2 Community 

Other 

Low 

Ecuador Peter La Femina, Penn State 

University 

1 Community 

Other 

Medium 

Nepal Jean-Philippe Avouac, 

California Institute of 

Technology 

1 Community 

Other 

Medium 

EBRY Bob Smith, University of 

Utah 

6 Community 

USGS 

Low 

 
 
Table A-2. List of continuous GPS networks supported by UNAVCO in GAGE Y2 for PLR investigators. 

Network Name or 
Location 

Principal Investigator # 
Stations 

PI Funding 
Source 

Level of 
Effort 

 
Arctic Networks 
         
GNET Michael Bevis, Ohio State 

University 
42 NSF Polar 

Programs 
high 

The Influence of 
Hydofracture and Surface 
Melt Variability on 
Greenland Ice Sheet Flow 

Ben Smith, Woods Hole 15 NASA 
Cryosphere 

med 

The role of tributaries in 
glacier surges: Black 
Rapids 

Martin Truffer, University of 
Alaska 

3 NSF Polar 
Programs 

med 

Arctic UNAVCO operated 
cGPS reference stations 
(Located at Barrow, 
Toolik Camp, Atqasuk in 
Alaska and Summit Camp 
in Greenland. 

UNAVCO 4 NSF Polar 
Programs 

med 

GLISN IRIS/PASSCAL 3 NSF-EAR low 



Dynamics of subglacial 
erosion of soft marine 
sediments and 
consequences for glacier 
evolution - Taku Glacier 

Martin Truffer, University of 
Alaska 

3 NSF Polar 
Programs 

high 

Collaborative Research: In 
Situ Partitioning of Ice 
Deformation and Basal 
Sliding on the Greenland 
Ice Sheet 

Neil Humphrey, University 
of Wyoming 

6 NSF Polar 
Programs 

high 

 
Antarctic Networks 
         
LARISSA Eugene Domack, Hamilton 

College 
10 NSF Polar 

Programs 
medium 

ANET Terry Wilson, Ohio State 
University 

48 NSF Polar 
Programs 

high 

Mount Erebus Volcano 
Observatory: Operations, 
Science and Outreach 
(MEVO-OSO) 

Philip Kyle, New Mexico 
Tech 

5 NSF Polar 
Programs 

medium 

Collaborative Research: 
Integrative Study of 
Marine Ice Sheet Stability 
and Subglacial Life 
Habitats - Lake and Ice 
Stream Subglacial Access 
Research Drilling 
(LISSARD/WISSARD) 

Slawomir Tulaczyk, UC 
Santa Cruz 

18 NSF Polar 
Programs 

medium 

ANDRILL Frank Rack, University  of 
Nebraska 

1 NSF Polar 
Programs 

medium 

IPY: Collaborative 
Research: Ocean-Ice Sheet 
Interaction in the 
Amundsen Sea: The 
Keystone of West 
Antarctic Stability - Pine 
Island Glacier  

Robert Bindschadler, NASA 1 NSF Polar 
Programs 

low 

Antarctic UNAVCO 
operated cGPS reference 
stations (Located at 
McMurdo Station, South 
Pole Station, Palmer 
Station.) Plus one 
Development and Test 
site. 

  UNAVCO 4 NSF Polar 
Programs 

low 



Collaborative Research: 
Role of the Central Scotia 
Sea Floor and North 
Scotia Ridge in the Onset 
and Development of the 
Antarctic Circumpolar 
Current  

Ian Dalziel, University of 
Texas, Austin 

3 NSF Polar 
Programs 

low 

 
 
 
 


