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1. Overview
The PBO Nucleus project was designed to operate, maintain, upgrade and
integrate 209 existing GPS stations and 1 long-baseline laser strainmeter into the Plate
Boundary Observatory (PBO). Originally constructed as six independent networks by
separate organizations: the Alaska Deformation Array (AKDA), the Bay Area
Deformation Array (BARD), the Basin and Range Geodetic Network (BARGEN), the
Eastern Basin and Range and Yellowstone Network (EBRY), the Pacific Northwest
Geodetic Array (PANGA), and the Southern California Integrated Geodetic Network
(SCIGN), these stations form the Nucleus around which the PBO is based and built. It
has increased the number of stations in the completed PBO and extended the time series
back to the early 1990’s when the first of the Nucleus stations were constructed.
The fifth and final year of the project marks the first full year in which the PBO Nucleus
was operated as a part of the integrated PBO network. PBO regional offices assumed
day-to-day operations and maintenance of the network on October 1, 2008, and final
upgrades to many of the power systems and enclosures PBO Nucleus stations were
completed by PBO personnel using remaining funds from this project under a 1-year nocost extension.
The UNAVCO Facility continues to be the primary data archive for the integrated
PBO/PBO Nucleus network, and data from all stations are continually analyzed by the
PBO Data Analysis Centers. All of the 209 stations have had their hardware upgraded to
PBO standards and data flow transferred to the PBO Data Management and Information
Technology (DMIT) group.
Transfers of site permits and metadata from original network operators to
UNAVCO/PBO are complete and the many Education and Outreach activities related to
the project are detailed later in this report. Earned Value Management (EVM) tracking
techniques were used to track all aspects of the project which ensured that all necessary
high-priority tasks were completed to coincide with the beginning of the O&M phase of
PBO on September 30, 2008.
Most importantly, the network was maintained in excellent health throughout the project with
a large volume of high-quality data having been made available to the scientific community.
Over 95% of possible data were returned by the stations during the project, and 98% of
stations in the network are currently healthy and producing data. These data are being used
by the community to produce a lot of exciting and important results, which are described in
the Products and Publications section of this report. When the PBO Nucleus concept was
conceived there was great concern among the community that data flow from the existing
networks would be disrupted and time-series contaminated during the transition and upgrade
process; through careful management, testing and attention to detail by DMIT and Nucleus
staff, no problems were reported.
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2. Project Personnel
The PBO Nucleus project was managed by co-P.I. Dr. Frederick Blume (50%
support in years 1 through 4), with oversight from P.I.’s Dr. William Prescott (years 1
and 2) Dr. Charles Meertens, who derived no salary support from the project. Field
Engineers Nicole Feldl (years 1 and 2) and Eleanor Boyce, hired in October, 2006, were
100% supported by the project and involved in all aspects of the project on a day-to-day
basis. Field Engineer Dain Delisimunovic was hired as a Southern California-based parttime employee to complete the upgrades there during the second half of year four. As of
10/1/08 PBO Operations manager Karl Feaux is responsible for day-to-day operations of
the network as an integral part of the Plate Boundary Observatory. Education and
Outreach activities were the responsibility of Education Specialist Shelley Olds (100%
support), hired in September 2006, having been preceded by Rebecca Walker. They
were supervised by UNAVCO E & O Coordinator Dr. Susan Eriksson.
Many
other
UNAVCO personnel were supported directly or otherwise by funding from the Nucleus
project. The PBO DMIT group is funded on a per-station basis to monitor data flow,
archive and analyze data from Nucleus stations. A 10% FTE from the PBO permitting
group was supported to advise network operators and assist with the transfer of site
permits to UNAVCO/PBO until 9/30/2009. PBO Permit Coordinator Kyle Bohnenstiehl
was supported by Nucleus to supervise the completion of the permit transfer process.
Members of the UNAVCO Facility’s Data Management and Archive Group (DMAGU)
were supported through the PBO Nucleus and NSF core funding to oversee data flow for
non-upgraded stations and archiving for all stations. Additionally, many UNAVCO
Facility and PBO employees from Boulder and regional offices have assisted with
Nucleus project operations when practical at no cost; Nucleus personnel, when available,
have assisted with PBO station installation and maintenance, and Facility supported
projects as well.
Critical non-UNAVCO personnel were supported by the PBO Nucleus projects through 6
sub-awards through the transition to PBO O&M. Dr. Blume, Ms. Feldl and Ms. Boyce
coordinated the operations, maintenance and permitting activities of network
coordinators, technicians, and specialists at the University of Utah, U.C. Berkeley, U.C.
San Diego, Central Washington University, Caltech, and the University of Southern
California. Personnel at these institutions are responsible for station maintenance until an
upgrade is performed, as well as many of the upgrades themselves.
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3. Project Operations
During the first four years of the PBO Nucleus project the highest priority phase of the
station upgrades were completed, This consisted of installed installing Trimble NetRS
receivers and IP-based communications, and transferring data flow from the existing
networks over to the PBO Data Flow system. During this 4-year period, power systems
and other station hardware were upgraded on an as-needed basis. For Year 5 of the
Nucleus project, we had two goals:
1. Complete the remaining data communications hardware upgrades in order to
move the last four Nucleus stations from manual download status into PBO data
flow.
2. Perform additional hardware upgrades to the remainder of the sites in the PBO
Nucleus network, in order to make Nucleus stations more compatible with the
current standard PBO station hardware including enclosures, cabling, connectors,
charging systems, and in some cases solar panels.
The motivation for these additional upgrades is to lower the risk of increased
maintenance costs in the future that could arise from have a highly-varied, non-standard
network. For example, failure of a non-standard site would be more likely to require
multiple site visits to repair, could require additional personnel, equipment and tools not
typically needed for normal operations and maintenance fieldwork, and would have
greater risk of data loss.

Fig. 1. RSVY, Los Padres National Forest, CA. A PBO field engineer receives training on PBO Nucleus systems
during an upgrade of the power system and installation of satellite communications. This site had been manual
download since its installation by the SCIGN project. Left: before upgrade. Right: after upgrade.

At the beginning of Year 5, four PBO Nucleus sites still awaited installation of TCP/IP
communications. At three of these sites (including RSVY; Figure 1), we re-built power
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systems to support the addition of satellite communications. Our last GPS hardware and
satellite communications upgrade at BTDM, Big Tejunga Dam, CA, was added to PBO
data flow in August 2009 (Figure 2).
During the first half of 2009, PBO staff assessed the Nucleus stations to determine what
further work was needed to bring the older sites up to current PBO standards. This work
included analysis of available metadata, and some site visits. In July 2009, a meeting was
conducted in Boulder, Colorado where a station upgrade plan was formulated to upgrade
most of the stations to PBO standards. We have continued to use a strategy of
prioritizing upgrades as a function of station health, location, synergy with other projects,
and cost. Most additional work was planned to coincide with routine maintenance in
order to reduce costs (e.g. NDAP, in Figure 3). There were some exceptions, for sites
with know difficulties of access, extremely non-standard system designs, and/or a history
of failure at similarly-constructed sites. We identified these sites as a priority for
upgrades, in order to save expensive single-site visits in a future data-loss situation.

Fig. 2. BTDM, Big Tejunga Dam, CA.
July-August 2009.

Upgraded

Fig. 3. NDAP, Needles, CA. During a visit to repair
the data communications, PBO staff also upgraded
the solar array, enclosure, power system and cabling.

A group of stations located in the Channel Islands and Mojave desert was identified as a
priority for upgrades for PBO field crews due to their previous maintenance history and
helicopter-only access. Over a single week, PBO staff visited 9 of these sites and
successfully completed the planned work.
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Figure 4. NOMT, Norris, MT. Upgrade work included installation of a new water-proof enclosure and backup
power system for PBO Nucleus GPS equipment. Left: before upgrade. Right: after upgrade.

The high-priority sites also included nine former EBRY (Eastern Basin & Range and
Yellowstone) sites (including NOMT, Figure 4) for which incomplete station
documentation was available, and systems were known to differ greatly from the current
PBO design. For efficiency, we made a single trip to visit all nine sites, document the
current set-up and make upgrades wherever possible. This trip required two field
engineers and more equipment than would normally be available to a PBO engineer
conducting normal operations and maintenance fieldwork. Our field team completed
power system, enclosure and cabling upgrades at 10 sites over a 2-week period.
We planned the upgraded communication schemes and new GPS station permits to be as
cost-effective as possible, minimizing recurring costs for operating the network for the
indefinite future. After four years of operation and successful transition to PBO
operations, this strategy has proven successful.
Since January 2009, we have moved approximately 15 Nucleus stations away from
cellular and satellite types of communication schemes with recurring costs, and on to
radio networks with central communications hubs.
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Figure 5. PBO Nucleus Network final status (2/28/2010). All 209 upgrades have been completed.

As of February 28, 2010, all 209 GPS stations in the PBO nucleus network have been
upgraded to the PBO standards, as defined by having Trimble NetRS receivers, choke
ring antennas, IP-based data communications and PBO-style power systems and
enclosures. The distribution of upgraded GPS stations throughout the six original
existing networks is shown in Table 1.
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Existing Network
(PBO Regions)
AKDA (Alaska)

Original Operating
Institution
Univ. of Alaska

BARD (N. Ca.)

Univ. of California,
Berkeley
California Inst. of
Technology
Univ. of Utah

BARGEN (Basin
and Range, S. Ca.)
EBRY (Rocky
Mtn., Basin and
Range)
PANGA (Pac. NW,
N. Ca, Basin and
Range)
SCIGN (S. Ca.),
Parkfield (N. Ca.)
SuomiNet (Rocky
Mtn.)
Total:

# Stations
in Nucleus
6

Upgrades
Complete
6

Upgrades since
January 1, 2009
0

7

7

0

29

29

0

18

18

0

Central Washington
Univ.

26

26

0

Univ. of Southern
California
New Mexico Tech

122

122

4*

1

1

0

209

209

4*

Table 1. Distribution of upgraded stations in PBO Nucleus network, January 2009. *Three SCIGN sites had
previously been upgraded with Trimble NetRS receivers but still required TCP/IP communications before they
could be added to PBO data flow.

Upgrade work during Year 5 of the PBO Nucleus project was performed primarily by
Nucleus-supported PBO employees at UNAVCO. Routine operations and maintenance
of the PBO Nucleus sites was performed under PBO O&M funding. Since the PBO
Nucleus stations were officially incorporated into the PBO network in October 2008, the
PBO engineering staff has taken on the challenge of becoming familiar with Nucleus
stations, and have maintained data flow and station health at the high level that data users
have come to expect. No significant technical problems affected data flow or station
health during the past year. Overall station health is presently at 97% (202 of 209). The
current state of health is available on line at:
http://pboweb.unavco.org/shared/scripts/gmap/index.php?task=data_select&map_
type=&filter=Filter&station_project[]=Nucleus&start_date=&end_date=
The purchase of new hardware that replaces existing equipment has created a pool of
surplus equipment that has been used to support other projects, as well as to maintain
other Nucleus stations prior to upgrade. Working Z-12 receivers removed from the
SCIGN network in southern California have been paired with surplus Nucleus-owned
Zephyr geodetic antennas to create an emergency response campaign pool at UCSD, and
was used extensively in Baja California, MX in the period following the M7.2 Sierra
Mayor Earthquake. Surplus Zephyr antennas have been installed at the 25 stations of the
EarthScope-funded Rio Grande Rift project of the Universities of Colorado and New
Mexico, allowing for permanent installations there, and have been used by the USGS
Menlo Park to support field campaigns when requested.
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4. The PBO Nucleus Station List
The six existing networks from which the Nucleus network is comprised consisted of
approximately 450 stations. The preliminary list of 209 stations to be included in the
final integrated Plate Boundary Observatory were selected by the Nucleus PI’s, network
operators, and approved by PBO’s Siting Committees. As the project progressed many
changes were necessitated due to changes in land ownership, permitting difficulties,
remonumentation, and technical failures. These changes took place prior to October of
2008 and are detailed in the four annual progress reports submitted to NSF.

Figure 6. FORE, Heber City, UT, installed 4/26/07.

Fig. 7. WIN2/WINT, east Bay, CA. Installed 7/16/28

There were no changes to the PBO Nucleus station list during the final year of the
project. The final list of supported Nucleus stations and status is available on line at:
http://pboweb.unavco.org/dmsdocs/Root%20Folder/PBO%20Operations/Reports/
Nucleus/NucleusStatus.xls
5. Data Management
The continuous acquisition and distribution of high-quality geodetic data to the
research community was the top priority of the PBO Nucleus project. In spite of the
continuing problems with compact flash memory failures in NetRS receivers early in the
project and problems with choke-ring antennas later, Nucleus attained a 96% rate of data
return for the network during the five-year duration of the project.
At the time of upgrades Nucleus stations were renamed to comply with PBO’s 16
character ID standards using a convention that was developed in order to preserve the
original identities that have been in use by community data users. The transitions in data
flow and responsibility have been seamless and invisible to the end-users while greatly
increasing efficiency and monitoring capabilities on the operational end. During this
transition process meta-data were routinely verified and corrections to historic and
present data made as necessary, which resulted in a more reliable data set.
Data from all 209 PBO Nucleus stations were analyzed by the PBO Data Analysis
Centers since their inception, both during testing and operation phases. At the outset this
data comprised 60% of the volume analyzed, although the percentage naturally decreased
as more new PBO stations came on line. The AC director routinely communicated with
Nucleus project personnel when data quality or meta-data issues arise. Level 2 data
products are generated for all Nucleus stations.
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Many PBO Nucleus stations had historically produced other data streams, such as
high-rate real time GPS and meteorological data. Users from the geodetic and
atmospheric research, surveying, and other communities rely on these data for ongoing
operations, and care has been taken to preserve these capabilities while ensuring
compliance with the PBO / EarthScope Data Management Plan:
http://pboweb.unavco.org/dmsdocs/Root%20Folder/Data%20Management/Planni
ng/Data%20Management%20Plan/pbo_dataplan.pdf.
.
These auxiliary functions were provided as a courtesy only and not supported by the
Nucleus proposal.
With the initiation of the nTrip-based UStream system by PBO, many Nucleus stations
are streaming high-rate data in real time through TCP-IP ports. For details see:
http://pboweb.unavco.org/?pageid=107
6. Station Permit Transfers
Now that the PBO Nucleus network is fully integrated into PBO it is important
that station permits as well as the hardware and data conform to PBO standards. Station
permits negotiated by the original networks have been transferred to UNAVCO/PBO
under the direction of the PBO Permit Coordinator and renegotiated where possible to
minimize recurring payments and extend the terms through 2017. The permitting
situation for many of the stations has turned out to be much more complex than originally
anticipated as many were installed by verbal agreement between parties that have long
since moved on from their original organizations. In all cases, though, a written permit
will be procured for every Nucleus station integrated into the O&M phase of PBO, even
though this requirement necessitated the removal a few stations from the network and
replacement with other eligible existing stations from the original existing networks.
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7. Earned Value Management (EVM)
EVM techniques were applied to the PBO Nucleus project in the middle of year 3
at the request of PBO management to ensure that all tasks were completed to coincide
with the beginning of the O&M phase of PBO at the end of year 4 of Nucleus on
September 30, 2008. In July of 2007 a schedule for permitting activities and metadata
transfer for the remainder of the project were developed and added to station upgrades
and procurement to produce an EVM schedule.

Figure 8. EVM tracking of PBO Nucleus between July, 2007 and October, 2008.

Earned Value for the 209 station equivalents of the Nucleus network are as follows:
Station Upgrades 50%, Hardware Procurement, 5%, Metadata transfer to the PBO
Operational Database (POD), 5%, and Permitting Activities 40%. The latter category is
further broken down to landowner contact 10%, Submission of a Permit application 10%,
and the receipt of a completed site permit 20%. Progress through the Sept, 2008
integration with PBO O&M is depicted graphically in Figure 9 below, after which
Nucleus operations and maintenance tracking was integrated in PBO reporting.
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8. Project Information Dissemination
The PBO Nucleus Web
Center
(http://www.unavco.org/e
xnet/exnet.html) was
continuously updated
during the duration of the
project with information
about project operations
and network status as
well as other important
details. This page also
contains links to data
archives and data
products, interactive
mapping tools, and
affiliated projects. PBO
Nucleus project updates
are also posted on the
EarthScope web page
(http://www.earthscope.o
rg), and up-to-date
network status is also
available on the PBO
Google Earth database
and status files on the
PBO Home page.
(http://pboweb.unavco.or
g).

Figure 9. The PBO Nucleus Project web page
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9. Education and Outreach
Community Educators Reached/Engaged
As part of the PBO Nucleus program, education and outreach staff engaged teachers, university
faculty, community members, and other education professionals through professional
development workshops, short courses, seminars and conference sessions throughout the year.
See table below for details.

Figure 10. Participants in the Teachers on the Leading Edge Workshop visited PBO station
ELMA to learn how stations operate. They are pointing in the approximate direction of the
station’s motion relative to SNARF.
Table 2. Professional Development Workshops & Learning Sessions

Jan
Feb

Apr

St. Vrain
MiddleSchool
TX
Professional
Dev
Academy
Millersville
U
San Andreas
EarthScope
Interp

May

Teacher
workshop @
EarthScope
N'tal Mtg
GPS Velocity
Field
workshop
PBO
Strainmeter

2-hr
seminar
1-day of
2.5 day
workshop
2-hr
seminar

1

41

4

1-day
workshop

6

Short Course

Interns

Undergrad
Students

Graduate
students

Other
education
professionals

4

4
7

1 day of
2.5-day
workshop

1-day
workshop
1-day
mini-

Scientists/
Comm
Members

University
Faculty

Secondary-Ed
Faculty

Event details

Name of
event

Date

2009 Professional development workshops & Learning Sessions

30

12

35

3

7

3

24

1

12

Jul

Aug

Data
workshop
EarthScope
Data at
UNAVCO
and Other

short
course

RESESS
Master
Teacher-inResidence
TOTLE
Professional
Dev
Workshop:
Volc & Seis
Haz in East
Africa
CSIG
Workshop

3 months

Short Course
- INSAR
Sep

Oct

Nov

Feb

NABGG
OEDG PI
Meeting
EarthScope
Teacher
Workshop Arizona

3-hr
seminar

6

5

2 weeks

4

6-day
workshop

35

2 week
workshop
2-hr
workshop
2 day
short
course

2

5

4

5

3

52
7

4

4
3
5

15

5

20

1

2

3-day
workshop

9

35

INTERFACE
Workshop/
Short Course
Geoscience
Alliance
Wkshp

8-hr
short
course

3

ASES
Using Vis
tools
presentation

Booth

U. Cinncinati
Seminar
Co-sponsor
SCEC/GEON
Lidar Course
Central Tx
Teacher
Professional
dev
Total

10

1.5 day
workshop

17

28

5

Rio
Grande/CO
Plateau
EarthScope
Interp

Booth
1.5-day
workshop

1.5-day
workshop

15-min
ppt

20

1

20

8

5

3

5

10

20

30

5

2-hr

11

10

15

5

2 days
3-hr
workshop

40

15
167

5
120

145

97

22

70

5

88

UNAVCO held or presented 18 professional development workshops during PBO Nucleus Year
5, nine primarily for teachers and nine primarily for college faculty. Over 160 middle- and highschool teachers, approximately 100 college faculty, and 145 community scientists were reached
through UNAVCO science workshops, including approximately 20 teachers who teach in or near
Native schools and Reservations. Over 50 scientists and community members attended the
Workshop for the Evaluation, Monitoring and Communication of Volcanic and Seismic Hazards
in East Africa held in Trieste, Italy.
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UNAVCO was invited to lead full-day sessions at the multi-day Texas Professional Development
Academy; Teachers on the Leading Edge (TOTLE) workshop; and two EarthScope Interpretive
Professional Workshops for the San Andreas and Rio Grande/Colorado Plateau regions.
UNAVCO content provides cutting-edge science from the Plate Boundary Observatory (PBO)
embedded in data-driven learning materials on plate tectonics and other applications of geodesy.
Participants leaned how to interpret GPS Time series plots, create GPS vectors from the plots,
how to find and download PBO GPS data and, graph the data, and interpret the graphs. They also
gained experience using UNAVCO’s Data for Educators web application to find PBO data using
the embedded Google-Map, exploring the UNAVCO GPS Velocity Viewer to make regional
interpretations of plate deformation and motion, and installing the PBO Network Velocity Field
KMZ and other related KMZs such as LiDAR imagery into Google Earth.

Figure 11. (left) A slide from exploring episodic, tremor, and slip in Cascadia developed as a part
of an exercise on using PBO data; (right) teachers collaborate on determining plate motion
velocities in California activity during the Exploring Southwest Geology and Geophysics through
EarthScope Data workshop.

Evaluation
As part of the E&O program funded through the PBO Nucleus project, UNAVCO Education and
Outreach has collected participant feedback for each workshop. Formative data is collected
through a questionnaire and used to continually improve the workshops. Questions focus on the
preparedness to teach the material pre- and post- workshop and the usefulness of the UNAVCO
E&O materials in their teaching. Results guide improvements to future professional development
workshops and provide a measure of how well the E&O is doing in its mission.
An external evaluator conducted an online survey and telephone interviews of former workshop
and short course participants using a study population of 175 educators who attended one of 10
workshops given in 2006-2007. These interviews probed teachers’ experiences in greater depth,
exploring their motivation to attend the workshop, their experiences at the workshop, and their
subsequent use of the PBO Nucleus materials. The findings reveal that educators who attend the
workshops are motivated by their interest in the content and their desire to take home materials
that will be useful in their classrooms. Participants value the strong emphasis on content, access
to live data sets, opportunities to interact with scientists, and the geographic relevance of
regionally-focused workshops for those who live in or near the region. These same valued
components also presented challenges to some teachers. They also found the workshop materials
helpful and extensive, and many reported good access to the facilitators after on.
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Based on the constructive results from the interviews, UNAVCO restructured their professional
development workshops to include more classroom-time for participant reflection on techniques
to incorporate activities into their courses; spending more time on basic geodesy concepts for
learners during their initial exposure to the content; and embedding UNAVCO-focused content
into longer and more in-depth professional development workshops (a best practice).
Based on survey responses and the likely sources of bias in these, the lower limit for classroom
implementation rate of course activities among workshop participants in the 2006-2007
workshops was estimated at 20%. A different set of external evaluators conducted subsequent
evaluations through interviews with teachers participating in the week-long immersive
professional development workshop, TOTLE. The classroom implementation rate of individual
activities showed much improvement over the previous years with rates varying from 25 – 68%
in 2008 and 40% - 80% in 2009; the Cascadia GPS activity was among one of the five most
highly rated resources of the TOTLE workshop.
The teachers are enthusiastic to have easy-to-use GPS data and new exciting science to
incorporate into their Earth science curriculum as evidenced by a sampling of teacher feedback
from UNAVCO workshops:
“What a great resource; and another challenging series of activities. I so appreciate that.”
“These activities are directly transferrable to my student's current knowledge and provide a great
way for them to get Objective One (scientific processes, interpreting graphs, and analyzing
models) practice using information that is entirely new to them.
“I was afraid of the vector addition, but you explained it so easy - tail to head and draw the new
vector.”
“This was the best part: local, based on new data, can read the data, have manipulative maps to
demonstrate and can look up data on-line from monitors and show in graphs.”

Educational Materials Development, testing, and dissemination
Master Teacher-in-Residence
Four teachers were in residence at UNAVCO in 2009 to modify existing UNAVCO teaching
materials into shorter modules more easily used in the classroom. Two UNAVCO Master
Teachers reviewed, revised, and included new material in 5 resources and created two new
resources. Two teachers funded by EarthScope worked with UNAVCO E&O staff to provide
two GPS oriented educational modules focused on middle school and two seismic-oriented
modules. These topics included tomography, volcanoes, GPS, and included using hands-on
materials. These drafts are under review. Teachers continued editing the activities to reflect how
they taught or would like to teach the activity and as applicable, provided examples of student
work. All materials are linked to the E&O web page and/or the community website
http://cws.unavco.org/cws.
Faculty-in-Residence
Nine college-faculty members refined and contributed at least one activity (classroom,
homework, lecture lesson, etc.) from an undergraduate geology course that they teach in which
geodesy could be incorporated more fully. They also contributed a syllabus for a geology course
which could include a geodesy component in preparation. This was in preparation for the March
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2010, Teaching Geodesy in the 21st Century - A UNAVCO & NAGT Cutting Edge Workshop.
Although not part of this report, the goals of this workshop were to help college-level teachers
incorporate geodesy and new teaching techniques into their courses by learning about
applications of geodesy to different sub-disciplines of Earth science, working in teams to revise
their materials to produce interactive, engaging learning material for students, and helping to
identify aspects of geodesy to be included in introductory college level geology education.

Metrics: Web and Community Involvement
Website. The E&O website provides a ‘go to’ place for information on programs, projects,
reports, documents, evaluation plans and results, and access to data: www.unavco.org/EO.
Updating information and revising the structure is an ongoing task. Figure 14 shows web
statistics from April 2005 through November 2009. Based on this information, we can infer that
as we place more content on the web, more users visit our web pages.

Figure 12. Web usage metrics for Education and Outreach. These figures show the number of individual
web pages viewed (the number of web pages viewed). As our website (edu_outreach + CWS) has grown
in number of pages, the increased use is an indicator for whether our visitors are going to the suite of pages.
The data indicate that as we add more pages, our visitors go to these new pages.

Figure 13. A unique visitor is a host (a computer) that has made at least 1 hit on 1 page of the web site
during the current each month. If this computer makes several visits during this period, it is counted only
once.
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Community Involvement. Data is collected within each workshop and other evaluation is done externally
through surveys, interviews, and focus groups, see Evaluation. Metrics (Figure 15, below) illustrate
community participation.

Figure 14. Graphs of yearly and cumulative numbers of people reached through UNAVCO Education and
Outreach programs.

Earlier Highlights
UNAVCO presented eight teacher workshops during year 4 and had a booth for the
second year at the National Science Teachers Association. This year workshops were
half-day to full-day format with two workshops paired with IRIS to present EarthScope
focused content. UNAVCO was invited and led workshops at the Teachers on the
Leading Edge workshop, Texas Professional Development Academy, and a Workshop
for Educators of Puerto Rico. Over 240 K-12 teachers participated in teacher and/or
college faculty workshops.
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Figure 15: Teachers comparing volcano & earthquake locations with GPS velocity vector data;
sample PBO GPS time series used at workshops and short courses.
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Date
Dec 07

Jan 08
Feb 08
Mar 08

Name
of Event
NSTA Conf
CAST k-12
AGU
UT Dallas seminar
Baylor U seminar
NAGT Vis Wkshp
UNAVCO Sci
Workshop
UNAVCO wkshp
Teaching UG
GSA – Rocky Mtn/
Cordilleran
NSTA-Boston
TX Prof Dev
Acadamy
Cascadia Sub-Zone
LiDAR SC
Strainmeter SC
RESESS

Event details
1-hr wkshp
4-hr crse
Pster session
1-hr session
1-hr session
1-hr session
3-day mtg

1

4-hr wkshp

5

4-hr SC

Oct 08

EarthScope Teacher
Wrkshp - NM
Teacher Wrkshp - PR
GAMIT/GLOBE SC
GSA - Faculty SC

4-hr SC
6-hr of 2.5
day wrkshp
1-day wkshp
20-hr SC
20-hr SC
10 week
internship
20r SC
1 day of 2
day wrkshp
1 week
4 hr of 5 day
wkshp
4hr of 8hr
wkshp
2.5day wkshp
20-r SC
8-hr SC

Dec 08

AGU

Poster / talks

Apr 08

May 08
Jun 08

Aug 08
Sep 08

InSAR SC
EarthScope Teacher
Wrkshp - NE
Faculty In-Residence
TOTLE workshop

SecndryEd Fac
17
5
6

Univ
Fac

Sci/ Cmm
Mem

Other
Edu

20
40
35
15

7

11

2

5

20

5

1

5

1
4

20

2
1
1
14

20

24
22

10

25
25
7

2
1
2
5

Short
Course

22

3

24

Interns

15

30
75

35

Public

25

106

7

Under
grads

3

25

2

1
2

1

12

1

20

5

10

5

5

Total
246
148
166
64
52
5
7
100
Table 3. Year 4 Professional Development Workshops & Learning Sessions - Education & Outreach

UNAVCO led eight college faculty workshops and seminars during year 4.
Approximately 150 college faculty and 160 community scientists were reached through
our science workshops. A 4 hour faculty workshop was held on the Monday prior to the
Science Workshop. The topic explored modern pedagogy in teaching geodesy as a
follow-up to the prior summer’s short course from NAGT on Teaching Geophysics in the
21st Century. A survey was done at the end of the short course and a website established
at www.unavco.org/cws for materials.
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Year 3

Event

Type

CESE
EarthScope-Using
EarthScope Data in
the Classroom (for
teachers)
EarthScopeBringing
EarthScope
Research into the
Undergraduate
Classroom
NSTA – Short
Course

Poster
4-hr
Wkshp

10
15

10
2

5
5

2-hr
session

17

10

100

4-hr
Short
Course
1-hr
Wkshp
3-hr
Wkshp

37

NSTA - Workshop
Technology in
Education
Conference
NAGT: Teaching
Geophysics in the
21st Century
NABGGT
GSA Short Course

Secondary- University Scientists/
Other
Ed Faculty Faculty
Community education
Members
professionals

1

2
15

4-hr
session

Poster
4-hr
Short
Course
GSA Poster session Poster
NSTA Area
1 hour
Conference –
workshop
Denver, CO
CAST (Conference 4 hr short
for the
course
Advancement of
Science Teaching)
- Austin, TX
AGU Poster
Poster
Session
Totals

10
2

7

5
15

0

6

30
1

1

20

5

15
5

6

20

7

11

131

83

119

64
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Evaluation
As part of the E&O program funded through the PBO Nucleus project, UNAVCO
Education and Outreach distributed a brief web-based questionnaire to our former
workshop and short course participants. This questionnaire focuses on the courses they
teach and the usefulness of the UNAVCO E&O materials in their teaching. This will help
us prepare our future professional development workshops and provide a measure of how
well the E&O is doing in its mission.
•

The questionnaire was distributed to approximately 115 former participants in late
November 2007 (Figure 12). By the end of December, 27 responses have been submitted,
with 20 volunteering to be interviewed by our independent evaluator. Our goal is to have
twenty-five respondents volunteering to be interviewed.

2007 Summary - Community Educators Reached/Engaged
Jan - Dec 07

140
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0
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Other educ ation prof es s ionals
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TIE
NSTAArea Conf

EarthScope-6-12
NAGT
CAST k-12

EarthScope- Undergrad
NABGGT
AGU Poster Session

NSTA– Short Course
GSAShort Course

NSTA-WK
GSAPoster Session

Figure 16. Types of courses and educators receiving evaluation questionnaire
Learning Materials Development
The Data for Educators page on the UNAVCO Education and Outreach website is part of
a growing number of tools and products to access the data and scientific discoveries of
the UNAVCO community for a variety of educational audiences. Other outreach
improvements for the UNAVCO website included the addition of rotating science and
community highlights to provide information about the research progress of the
UNAVCO membership. Web statistics are being tracked to study the users and target
web pages of our website.
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Figure 17. New E&O webpages on the UNAVCO website.
To date the curricular materials introduce learners to high-precision GPS data, how to
obtain the data in numerical or graphic format, how to interpret the data and make
predictions based on this data. As a package these materials contribute toward creating a
learning module for Earth Science secondary classrooms, undergraduate general
education courses, and geophysics majors.
The curricular materials in the following list are designed to provide workshop
participants and their students with experience with GPS data from a variety of
deformation processes such as tectonic plate motion, plate motion near a subduction zone
(ETS), rebound after an earthquake, deformation due to volcanic activity and are targeted
to both secondary and lower undergraduate faculty:
•
•
•
•
•
•
•
•
•
•
•

How does GPS Work?
Locating Position Using GPS
Visualizing Relationships Between Earthquakes, Volcanoes, and Plate Boundaries
in the Western U.S. Using EarthScope Jr.
Draft: Introducing GPS and Time Series Plots
Using GPS to Visualize the Influence of a Subducting Plate
Draft: Episodic Tremor and Slip: The Case of the Mystery Earthquakes
Draft: The Science of Prediction: Monitoring Volcanic Activity
Draft: Where AM I ?: the Evolving Technology of Navigation
Draft: Will It Blow?: Monitoring Yellowstone’s Volcanic Activity
Using GPS Time Series Plots to Determine Plate Motion in California
In progress: EET Chapter: Exploring Subduction in the Cascadia Region Using
EarthScope GPS and Seismic Data.

Many of these materials have been field tested in workshops geared toward secondary
educators or faculty of undergraduate students. Feedback on these materials has been
collected from each workshop and appropriate revisions are being made. Materials
marked as draft are still in progress and need to undergo scientific and pedagogical
review.
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Master Teacher-in-Residence
Denise Thompson teaches science at Orting High School in Orting, WA. She spent a
week at the UNAVCO Boulder office working with the Education & Outreach team to
develop high-school level educational materials. During her week at UNAVCO she
developed the following materials, currently undergoing scientific and pedagogic review
and revision:
The Science of Prediction: Monitoring Volcanic Activity
This lecture with powerpoint slides for high school students presents the signs of volcanic
activity: eruption history, volcanic gases, heat and hydrothermal activity, earthquakes,
ground deformation and describes the technology used to monitor volcanoes.Students
learn about how scientists monitor volcanic activity and how such monitoring detected
the impending eruption of Mt. St. Helens in 1980.
Where AM I ?: the Evolving Technology of Navigation
Students construct a timeline using WebQuest illustrating how navigation technology has
changed over time and describe how improving technology has impacted science.
Will It Blow?: Monitoring Yellowstone’s Volcanic Activity
Guided by a worksheet and using an Excel Data Set , students interpret historical lava
flow and hydrothermal activity data and real-time earthquake and GPS ground
deformation monitoring data for Yellowstone National Park to determine the suitability
of a fictitious scenario. Students are asked to construct a presentation or written report to
submit to the developer based on the National Science Standards format.
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