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ESSC REPORT OUTLINE

• Geodetic Infrastructure program organization and people

• Overview of GI program and PBO staff in GAGE: changes from last ESSC F2F 

• EarthScope overview and highlights: PBO, SAFOD, and data products

• Special projects: GeoPentech (SONGS-II) and GeoGONAF

• Vision for the future: PBO basis for a multi-hazard network of networks across the 
Americas

• GAGE Budget and Scope: Plans versus reality in current environment

• Challenges going forward...
Tuesday, October 8, 13
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A FOUNDATION FOR INNOVATION:
GRAND CHALLENGES IN GEODESY

Where is the Water?
Where does the Earth Store fresh water?
How will the Earth System respond as mean sea level rises?
How do Earth’s glaciers and ice sheets change over time? 

Earth the Machine
How do tectonic plates deform?
What physical processes govern earthquakes?
How does Earth’s surface evolve?
What are the mechanics of magmatic and eruptive systems?

Panorama: A PLUTONS project collaborator visits a cGPS station
to collect recently logged data. The station is one of three perma-
nent GPS sites, installed by UNAVCO, on and around Uturuncu
volcano in Bolivia's high desert. PLUTONS is a multinational 
research project dedicated to monitoring crustal intrusion and
formation at volcanic areas in Bolivia as well as Chile.

Background: This cGPS system, near Mt. Howe in Antarctica, is
a part of the POLENET network and is set on the southernmost
chunk of exposed bedrock in the world (everything south is ice
all the way to the south pole). A rough wind caused a biting
spindrift of snow.  

Published by UNAVCO  6350 Nautilus Drive  Boulder,CO 80301
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EARTHSCOPE:  INTEGRATION OF GEODESY AND SEISMOLOGY 

Technical advancements:
•community data formats for real-time GPS

•collocation of accelerometers & high-rate GPS

•Cascadia & planned GAGE upgrades

•changes in the landscape with vendors

Integrative science:
•tomography & kinematics for geodynamics

•episodic tremor and slip

•GPS seismology 

•early GPS centroid determination

PBO is the geodetic component of EarthScope: 
1100 cGPS, 78 BSM, 6 LSM, 26 tiltmeters

Text
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GAGE: REAL-TIME GPS/GNSS UPGRADE PLAN
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PLATE BOUNDARY OBSERVATORY:  A NUCLEUS FOR A NETWORK OF GEODETIC 
NETWORKS 

Governance and 
Community

GAGE
Impact

Geodetic 
Infrastructure

Geodetic Data 
Services

Education & 
Community 
Engagement

Beyond 2018

PLATE BOUNDARY OBSERVATORY

Tuesday, October 8, 13



PBO FACILITY HIGHLIGHTS

1100 station cGPS network at 96% uptime

PBO GPS Ops <0.07% variance
Tuesday, October 8, 13



PBO FACILITY HIGHLIGHTS

• Installation of new GTSM, seismometer, and tiltmeter at 
Norris Ridge in Yellowstone National Park

• Original BSM site was damaged by lightning strike in 2011 - difficult and laborious 
negotiations with NPS to obtain permit for new installation

• $140K drilling budget planned, which included all contingency funds
• First hole was abandoned because of hot, aqueous fluid flow at original target 

depth; second hole successfully completed under budget
• UNAVCO staff worked with Tacoma Pump and Drill and YNP NPS staff to 

complete site during partial government shutdown and severe weather

Tuesday, October 8, 13



PBO FACILITY HIGHLIGHTS

• Multi-monument Change Order 35
• Plan to add two additional cGPS monuments at five existing PBO sites
• $150K budget was approved by EMT in May 2012 
• Final site construction completed this summer 2013 - data being analyzed by 

UNAVCO D&T staff and the PBO ACs and ACC
• Sites selected to evaluate response of different geological conditions:

Wilbur, WA site: P453/P813/P814

Tuesday, October 8, 13



THE ROCK, GA - SITE PHOTOS
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GAMIT  TIME-SERIES
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LC PHASE RESIDUALS
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LC PHASE RESIDUALS
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QC RESULTS
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PBO FACILITY HIGHLIGHTS
• Eastern US upgrades and new sites
• Plan to upgrade three poorly performing PBO sites (in GA, TX, and NY) and install three new sites
• New sites in Mandan, ND, Mellen, WI, and Bedford, PA
• $150K budget was approved by EMT in May 2012 
• Final site construction in PA completed this September 2013 
• Sites selected to improve NAM reference frame realization and GIA models SDBM near Bedford, PA - Installed in September 2013
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PBO FACILITY HIGHLIGHTS
• GPS Seismology Test Bed Project with SIO-UCSD
• Upgraded 8 sites with new SIO MEMS accelerometer units
• Scientific focus is on southern SAF and SJF systems
• Project funded by EAR Geophysics and IF programs
• Leverages development under NASA awards to Y. Bock at UCSD and NSF investment in PBO 
• Some technical issues remain because of aging GPS infrastructure in PBO and Trimble EOL policy for NetRS receivers

!
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PBO EVENT RESPONSE
• M7.5 Craig, Alaska, 2013-01-05

• Event response forum and web page
• Coordination between UNAVCO and ACC/AC’s
• Issue: ~3-day data outage at nearby site AB48 after EQ; will affect offset 

calculations by ACC
• 1 Hz, 5 Hz data from PBO sites

• 76 stations @ 5Hz on DOY 005 (24GB)
• 107 stations @ 1Hz on DOY’s 001-008 (25GB)

• M7.8 Masset (Haida Gwaii), Canada, 2012-10-08
• 1 Hz, 5 Hz data from PBO sites

• Notes on 5 Hz data
• 5Hz data for “entire PBO network” Initially requested by PI’s; subsequently 

reduced to ~1000 km radius in both events
• Large scale 5Hz data downloads depend upon, and have impacts on, comms, 

data curation, etc.
• UNAVCO anticipates that 5Hz data requests will become increasingly common. 

We are therefore re-evaluating our current event response procedures to meet 
evolving community expectations. We are developing a formal 5Hz data support 
and management plan.

PBO cGPS 
processing 
and figure 
from J. 
Freymueller, 
UAF 
compared 
with finite 
fault model 
based on 
teleseismic 
waveform 
data by G. 
Hayes, USGS

Loss of staff in GAGE will impact Event Response
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GEOPENTECH - EDISON PROJECT
Project Goals:

• SONGS Seismic Source Characterization 
and Seismic Hazards Analysis

• Densify PBO network in Southern 
California

• UNAVCO to build 12-13 new stations in 
the region

• Construction: 2 Phases, 5 years of O&M - 
$1.5M project

ELLY installed Feb. 2013!
Progress to Date:

• Reconnaissance, permitting, and installation 
of 8 GPS stations completed (yellow dots) 
and streaming low-latency, high-rate GPS

• 4 permits in-process (blue dots)
Project Status Change:

• SONGS Facility scheduled for shutdown; 
project will continue as planned
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•GFZ (German)
• AFAD (Turkey)
• Kandili University (Turkey)
• Bosphorus University (Turkey)
•University of Colorado (USA)
•MIT (USA)
•UNAVCO (USA)

GeoGONAF
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As part of GeoGONAF, UNAVCO will install 
three BSM instruments (from ES pool) at the red 
dots (both primary and alternate sites shown)

GEOGONAF (THE GEODETIC COMPONENT OF THE GEOPHYSICAL 
OBSERVATORY ON THE NORTH ANATOLIAN FAULT)

Tuesday, October 8, 13



•GFZ (German)
• AFAD (Turkey)
• Kandili University (Turkey)
• Bosphorus University (Turkey)
•University of Colorado (USA)
•MIT (USA)
•UNAVCO (USA)

GeoGONAF
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As part of GeoGONAF, UNAVCO will install 
three BSM instruments (from ES pool) at the red 
dots (both primary and alternate sites shown)

GEOGONAF (THE GEODETIC COMPONENT OF THE GEOPHYSICAL 
OBSERVATORY ON THE NORTH ANATOLIAN FAULT)

Project on hold due to partial government shutdown
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SAFOD UPDATE

Simulated SAFOD Core cuts!

-Current status of SAFOD main hole:   Data continues to be 
collected from vertical laser strainmeter.   The USGS has been 
recording data from a three component passive seismometer.  
Current status unknown due to government shutdown

-UNAVCO will continue to manage the SAFOD main hole 
until the end of the no-cost extension or a new management 
office is designated.  

-Fourth round of core solicitation:  UNAVCO had anticipated 
completing the Fourth round solicitation process by September 
30th 2013.  Due to problems with the core viewer the Sample 
Selection Committee work has been delayed.  We anticipate 
this work will be completed by Nov 15th, 2013.

-SAFOD core management:  Texas A&M has been designated 
the new management office for SAFOD core operations 
starting Oct 1, 2013.  The core viewer software has been 
transferred to Texas A&M University as of Oct 1st, 2013.  
UNAVCO has extended the TAMU subaward until Dec 31st, 
2013 to allow a smooth transition from the sub-award to 
TAMU fully managing SAFOD core operations.
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transform the frontiers, innovate for society, and perform as a model organization

A Global Network of Geodetic Networks
•Interdisciplinary & international leverage for 
multi-hazards observatories
•Proliferation of geodetic monumentation in 
multi-purpose networks
•International federations linking networks 
across borders 
•Disseminated archives for shared capacity

•Provide leadership for the “Next Big Thing”
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PBO+COCONET+TLALOCNET:  A NUCLEUS FOR A NETWORK OF GEODETIC 
NETWORKS ALONG WESTERN NAM - SUBDUCTION ZONE OBSERVATORY  

cGPS_pbo_aluetians = 91
cGPS_pbo_cascadia =190

BSM_pbo_aluetians = 0
BSM_pbo_cascadia = 46

cGPS_all_aluetians = 123
cGPS_all_cascadia = 239
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PBO+COCONET+TLALOCNET:  A NUCLEUS FOR A NETWORK OF GEODETIC 
NETWORKS ALONG WESTERN NAM - SUBDUCTION ZONE OBSERVATORY  

cGPS_in_japan = 861
BSM_in_japan = ~20
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cGPS_in_mexico = 53 
cGPS_TLALOCNet_mexico 
= 29 (up) + 9 (new) + 100 (SMN) 
cGPS_in_south_america = 239
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GEODESY LANDSCAPE - THE NEXT BIG THING?
LOOKING FORWARD ACROSS THE AMERICAS

Interdisciplinary leverage for multi-hazards observatories
Collaborative multi-national efforts
Growing the commitment to truly open data access
Commitment to geodetic quality monumentation
International federations linking networks across borders 
Disseminated archives for shared capacity
Driving development of new technology 
      for sea-floor geodesy
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GEODESY FOR BROAD IMPACT

In the Public Interest:  Societal Benefits
Building capacity and infrastructure for research
Earthquake, tsunami, volcano, weather hazard assessment
Rapid deformation detection for hazard warning
Space weather and the ionosphere
Collateral benefits for science and society

3-4

PART 1:  SECTION 3 -  GAGE FACILITY PLAN:  THE NEXT FIVE YEARSVOLUME 1

GEODESY ADVANCING GEOSCIENCES AND EARTHSCOPE:  THE GAGE FACILITY
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Figure 3.1-1.  PBO data return.  UNAVCO tailors performance metrics to the na-
ture and scale of the project. PBO, the largest and most diverse set of networks that 
will be supported by the GAGE Facility, uses metrics at all stages of operations and 
maintenance. Through May 2012, the total quantity of archived and delivered (includ-
ing streaming) data include: GPS (19.8, 47.1 Tb); seismic (3.5, 16.6 Tb); and BSM (1.6, 
0.3 Tb). One important metric for PBO operations is the percentage of data returned.  
Most sensors exceed the 85% target. GPS, the largest component of the network, is 
typically well above 95% data return.

community, GAGE management, and core sponsors (NSF 
and NASA) to determine whether to upgrade to GNSS.  !e 
implications for this transition cannot be underestimated, 
given that targeted cGPS sites would need their Dorne-
Margolin antenna elements replaced, which will cause an 
o"set in the phase center of as yet unknown magnitude, in 
addition to having the systems record and transmit additional 
signals from new GNSS constellations such as GLONASS and 
Galileo. !is transition would also have signi#cant implica-
tions for the PBO Analysis Centers and the GAGE Geodetic 
Data Services program.  !ese decisions will be driven by 
data obtained by the UNAVCO D&T group, with extensive 
and careful review and guidance provided by the GI Advisory 
Committee and the UNAVCO community.

3.1.1 Community and Continuously Observing Net-
works Plate Boundary Observatory 
GPS and Metpack Operations (WBS U1.1.7)
Continuous GPS (cGPS) is well suited to capture deformation 
occurring at time scales greater than a month, such as that 
associated with viscoelastic deformation following an earth-
quake, decadal estimates of strain accumulation and plate 
motion, and their spatial variations.  !e PBO Facility oper-
ates and maintains 1,112 cGPS stations across an area of over 
10,000,000 km2 (Figure 2.4-1), spanning Amchitka Island at 
the western end of the Aleutian Islands, the Brooks Range in 
northern Alaska, central Baja California, New Hampshire, 
and Puerto Rico.   Of these, 1,084 are located in the contigu-
ous western United States and Alaska including the 209 that 
were upgraded and assimilated from PBO Nucleus networks, 
19 in the eastern United States, seven in response to the 2010 
El Mayor-Cucapah earthquake in northern Baja California, 
and two sites in Mineral, Virginia built a$er the 2011 M5.8 
earthquake.   

To support the goal of meeting sponsor performance stan-
dards for PBO, there are currently 10 full-time #eld engineers 

based out of four regional o%ces located across the Western 
US and Alaska. A primary metric is to ensure data return at 
or above the 85% requirement as set for PBO by NSF (Figure 
3.1-1). Engineers visit each station every #ve years for sched-
uled battery and hardware maintenance and unscheduled 
maintenance is performed on a best-e"ort basis. 

Regional o%ces in San Clemente, CA, Portland, OR, Anchor-
age, AK, and Boulder, CO will continue to provide a base of 
operations for #eld engineering sta" to optimize maintenance 
and new construction activities and to minimize travel costs 
and time.   !e remote o%ces also provide secure shipping/
receiving and storage capabilities for regional operations.  
!e GAGE GPS Operations Manager provides higher-level 
management for the GPS network, and four regional Project 
Managers coordinate day-to-day #eld operations in each re-
gion. Requested sta%ng levels for GAGE (number of stations 
per engineer) are consistent with other permanent networks 
such as BARGEN and SCIGN, and with known requirements 
established over the past #ve years.

!e PBO network is an expandable platform on which 
ancillary scienti#c instrumentation can be added to further 
scienti#c goals of the UNAVCO community (Figure 3.1-2).  
Currently, 126 meteorological instruments (metpacks) are 
collocated with PBO GPS stations; 100 of these were part of 
the original PBO network and 26 were recently added with 
NOAA funding.  When combined with GPS, these metpacks 
provide constraints on column-integrated precipitable water 
vapor, a critical parameter in the regulation of energy transfer 
in the atmosphere and used for numerical modeling and 
forecasting of weather phenomena. 

Figure 3.1-2. PBO GPS station, Alaska.  PBO is recognized as the highest stan-
dard for geodetic quality GPS installations.  This, one of more than 100 remote PBO 
stations maintained in Alaska, will be maintained by the GAGE Facility. The rare sunny 
day belies the weather challenges when working in remote northern latitudes during 
the compressed summer field season. One step UNAVCO has taken is to install remote 
cameras at sites to provide local site condition information for helicopter operations.
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GAGE
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Beyond 2018
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GAGE BUDGET - IMPLICATIONS FOR GI AND PBO

• NSF has informed UNAVCO that 
significant budget cuts should be 
expected in FY2014; These cuts could 
continue into FY2015.

• GI is $10.9M of $17.4M (63%) of GAGE.
• PBO comprises $7.4M of $10.9M (68%) of 

GI budget proposed in GAGE for FY2014.
• How should cuts proceed?
• Decrease PBO scope: delete observations 

systems: LSM, BSM, Tilt, 10-20% GPS, RT-
GPS?

• Descope by region: SAF, AK, Eastern US, 
Basin & Range, Yellowstone?

• Forestall all possible scheduled or routine 
O&M for 1 year?

• Reallocate PBO funds and use to support 
other components of GI: e.g. TLS, TSAR, 
data products, PI science...?

Management,)
$973,837),)8.9%)

Governance,)
$14,400),)0.1%)

PI)Project)Support,)
$940,807),)8.6%)

NASA)B)GGN,)$206,533),)
1.9%)

ArcEc,)$636,737),)5.8%)

AntarcEc,)$719,970),)
6.6%)

PBO)GPS,)$5,904,036),)
54.1%)

PBO)BSM,)$1,210,979),)
11.1%)

PBO)LSM,)$301,700),)
2.8%)

GAGE$Infrastructure$GI$
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FUTURE OF PBO - HOW TO WE MOVE FORWARD?

NOAA and NASA are building systems that depend on PBO, but NSF is 
not committed to O&M beyond 2018 or upgrades to RT-GPS or GNSS...

SCEC and USGS are operating like PBO is a utility, it will always be on...
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QUESTIONS?
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