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TALK OUTLINE

• EarthScope overview: PBO infrastructure current status, data return, 
products	



• Science highlights: Napa valley earthquake, ETS in Cascadia, transient slip 
along the SAF, and hydrogeodesy	



• Vision for the future: PBO as a basis for a multi-hazard network of networks 
across the Americas (COCONet and TLALOCNet)	



• Summary and challenges going forward...



EarthScope Background
•Funded by NSF 
•Project started in 2003 - continues through 2018 
•Three Components - Geodetic, Seismic, and Drilling	


•Deploys thousands of seismic, GPS, and other geophysical instruments	


•Purpose: To study the structure and evolution of the North American 
continent and the processes the cause earthquakes and volcanic 
eruptions. 	



•A collaboration between scientists, educators, policy makers, and the 
public to learn about and utilize exciting scientific discoveries as they are 
being made.	



•Total EarthScope Budget:  ~$500M over the lifetime of the project

Seismic Component - USArrayGeodetic Component - PBODrilling Component - SAFOD



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 (~$200M): 	


1100 cGPS, 78 BSM, 6 LSM, 26 tiltmeters

Text

Designed as a 15 year experiment with sunset in 2018

•Total EarthScope Budget:  ~$500M



PBO SENSOR DATA RETURN 

Cumulative data return for the 
PBO network since the 
beginning of the O&M period 
(FY2009) is:	


!

99% for GPS/Met	


96% for seismic	


98% for BSM	


100% for LSM	


92% for pore pressure	


86% for tilt.  

Metrics complete through June 30, 2014 (YR6Q3- GAGE YR1Q3)
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PBO Data Products

GPS data products from PBO, COCONet, other networks	


Level 1: RINEX	


Level 2: Station positions, time series, velocities (in various ref. frames)	


Level 3: Community contributed products such as H2O (K. Larson)	



!
Borehole Geophysics data products (Levels 0,1,2)	



Borehole Strainmeter (BSM)	


Laser Strainmeter (LSM)	


Tiltmeter (Tilt)	


Pore Pressure (Pore)	


Seismometer (Seismic)	



!
Geodetic Imaging data products	



Airborne LiDAR (ALS) from GeoEarthScope (Level 3)	


Terrestrial LiDAR (TLS) (Levels 0, 2)	


InSAR (Levels 0,1)	



!
Other data products
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CASCADIA PBO ASSETS: INITIAL AND SUPPLEMENTAL INVESTMENTS

Original 29 PANGA cGPS stations

cGPS stations operated, processed, and maintained by UNAVCO

Current 234 PBO cGPS stations



CASCADIA: EPISODIC TREMOR AND SLIP EVENTS
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CASCADIA: EPISODIC TREMOR AND SLIP EVENTS
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PBO ASSETS IN ACTION: SOUTH NAPA M6 - 24 AUG 14
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PBO ASSETS IN ACTION: SOUTH NAPA M6 - 24 AUG 14

Coseismic cGPS - UNR Coseismic BSM



OBSERVATION OF SMALL TRANSIENT CREEP EVENTS ON SAF
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PRELIMINARY MODEL FOR TRANSIENT CREEP EVENTS ON SAF
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ONGOING DROUGHT-INDUCED UPLIFT IN THE WESTERN US

Borsa et al., Science, 2014

•GPS vertical 2011 - 2014 
•vertical inter-annual variable 
•detrended & seasonal load  (SLT) removed 
•widespread uplift reflects water loss 
•March 2014: 240 GT water deficit  
•=10 cm water over entire W. USA

Argus et al., GRL, 2014

GPS 
GRACE  
NLDAS 
GLDAS 



MULTI-HAZARDS OBSERVATORIES: COCONET

2-3

PART 1:  SECTION 2 - GEODESY:  INNOVATION FOR RESEARCH AND IMPACT

GEODESY ADVANCING GEOSCIENCES AND EARTHSCOPE:  THE GAGE FACILITY

VOLUME 1

The proliferation of real-time data streams in some of these 
networks further expands their applicability.  These tools and 
the new techniques being developed to exploit them become 
even more valuable as more data are available at high-rate 
with low latency.  UNAVCO is currently leading efforts to 
enhance US infrastructure, data protocols, and products to 
address these critical scientific and societal issues.  These 
efforts will be expanded under GAGE.

Energy and mass fluxes into and out of the troposphere are 
also crucial to the forcing of weather and climate systems.  
In addition to constraints on tropospheric water vapor from 
GPS, observations relating to flux of water to and from 
the land surface can also be gleaned from GPS multipath 
measurements of soil moisture (Figure 2.1-3) [Larson et al., 
2008] and snow depth (Figure 2.1-4).  Snow is an important 
component of both regional and global climate systems, as 
well as a critical storage component in the hydrologic cycle.  
Snow water equivalence (SWE), the product of snow density 

and depth, is the most important parameter for hydrological 
study because it represents the amount of water potentially 
available for runoff.  Measurement of the amount of water 
stored in the snowpack and forecasting the rate of melt are 
thus essential for management of water supply and flood 
control systems [Shi and Dozier, 2000]. 

The GPS-derived changes in properties of the site environ-
ment are inferred from the changes in the amplitude and 
frequency of multipath interference (relating, respectively, 
to attenuation properties and position of reflective surfaces); 
these reflected signal observations, however, do not directly 
measure fluxes.  For example, reduction of soil moisture 
partitions between downward percolation and upward evapo-
transpiration, and converting snow depth to mass change 
requires independent constraint of snow density.  However 
multipath measurements could be combined with GPS water 
vapor sensing and meteorological modeling [e.g., Valeo et al., 
2005] to help quantify fluxes due to sublimation, ablation and 
evapotranspiration.  GPS multipath measurements benefit 
greatly from high-rate sampling, which in turn require in-
creased data storage and transmission bandwidth capabilities; 
these requirements are addressed with the planned upgrades 
to 250 additional PBO sites as part of the GAGE Facility.

Accurate estimates of large-scale continental water mass 
changes are useful for a wide variety of reasons.  A relatively 
recent addition to the repertoire of geodetic techniques used 
to investigate this type of problem is the global measurement 
of long-wavelength time-variable gravity via the Gravity 
Recovery and Atmospheric Change Experiment (GRACE) 
mission that measures the mass changes over the ocean 
[Leuliette and Willis, 2011], as well as the complementary 
mass changes over the continents and ice.  The GRACE 
mission has been a flagship for geodetic measurements of 
water mass changes [e.g., Swenson et al., 2003].  GRACE 
measurements of Earth’s gravity field have limited utility 
on spatial scales less than 500 km and timescales less than 
a month.  GPS-measured deformation, however, could be 

Figure 2.1-2.  Precipitable wa-
ter vapor (PW) in the atmo-
sphere.  Water vapor in the tropo-
sphere delays the travel of radio waves 
from GPS satellites, making it possible 
to calculate zenith integrated PW at 
individual GPS stations.  The PW, color-
coded and shown in mm, and overlain 
on an infrared GOES (Geostationary 
Operational Environmental Satellite) 
image is shown as Hurricane Gustav 
made landfall in 2008.  The time series 
on the right show PW (red) and sur-
face pressure (blue) at English Turn, 
LA, as Hurricane Katrina (2005) 
passed over the station.  The time se-
ries ends when power and communi-
cations failed at the site.  Improved 
determination of the moisture fields 
within the model yields a better de-
scription of the water budget, and 
therefore improved hurricane intensity 
and track predictions.  Courtesy of J. 
Braun [2012].

Figure 2.1-3.  GPS Multipath and near-surface soil moisture.  Sig-
nals routinely recorded by GPS receivers installed to measure crustal defor-
mation for geophysical studies can be used to sense soil moisture proximal 
to the antenna.  As with other environmental observations, soil moisture is 
capable of reflecting GPS signals, and can be quantified by using the GPS 
signal-to-noise ratio.  Larson et al.  [2010] present data from fall 2008 that 
show the effects of soil moisture on reflectivity.  Precipitation units are 0.1 
mm over 5 minute intervals; GPS measurements from three satellites (PRNs) 
are arbitrarily offset to agree with in situ measurements at 2.5 cm, with 
model results for 1 and 5 cm.

100+ cGPS and meteorology stations in the circum-Caribbean:	


	

 >70 existing international stations to be included in data products             
	

 >60 new or upgraded stations to provide a regional kinematic 
framework (yellow dots) 

~16 stations remain to be refurbished and upgraded (red dots) 
Co-located tide gages at 2 supersites and 2 upgraded sites	



!
Science and impact goals:	


•Caribbean plate motions	


•Earthquake and tsunami hazards	


•Hurricane intensity and track forecasting	


•Regional framework for studies of specific faults and volcanoes	


•Shared capacity for disseminated regional archives	





COCONET: ATMOSPHERIC PROCESSES

What is the 
impact of 
continuous 
estimates of PW 
on hurricane 
intensity 
forecasts?

Figures from J. Braun, UCAR

The map shows GPS stations (in blue) and locations of hurricane landfall (in red). The scatterplot shows the 
correlation between GPS-derived PW and drop in surface pressure (1013 - Surf_Press) for stations within 200 km 
of hurricane landfall.  
The correlation between PW and surface pressure is -0.71. This high correlation suggests that GPS PW 
can be  used to improve intensity forecasts in numerical weather models.



CARIBBEAN KINEMATICS FROM EGPS AND COCONET

From Miller (2013, PhD, UTA)

From Miller (2013, PhD, UTA) updated velocities of  
Demets et al., 2007 in IGS08  



CARIBBEAN KINEMATICS FROM EGPS AND COCONET

From Miller (2013, PhD, UTA)

Demets et al., 2007 updated to IGS08 Updated single CAR plate with COCONet data

15 site - 1 plate 24 site - 2 plate



CARIBBEAN KINEMATICS FROM EGPS AND COCONET

From Miller (2013, PhD, UTA)

Clearly different motion for 	


western and eastern CAR…



MULTI-HAZARDS OBSERVATORIES: TLALOCNET

Plan for120 new cGPS and meteorology stations in the Mexico:	


   	

100 cGPS stations to be collocated with SMN weather observatories 	



existing stations refurbished and upgraded for telecommunications	


possible select new cGPS stations for science enhancements	



!
Science and impact goals:	


•North America Monsoon studies	


•Weather and climate	


•Regional framework for studies of specific faults and volcanoes	


•Earthquake cycle deformation including episodic tremor and slip (ETS)	


•Earthquake hazards - subduction zone	



!

 

 

White Paper for the 2010 Mexico GPS Workshop: 

TLALOC-Net – a next-generation, multi-sensor atmospheric and GPS array for 
hazards, weather, climate, and earthquake monitoring, forecasting and research 

in the Americas 

September 20-22, 2010. Puerto Vallarta, Mexico 

 

 

 

Workshop organizing committee 

E. Cabral-Cano and V. Kostoglodov, Instituto de Geofisica, UNAM; 

C. DeMets, University of Wisconsin;  

E. R. Kursinski, University of Arizona; 

 M. Jackson and M. Miller, UNAVCO. 

 
 
 

This workshop was sponsored by the National Science Foundation (NSF)  

and the Consejo Nacional de Ciencia y Tecnología de México (CONACyT). 

 
 

          

TLALOC TLALOC netnet



MULTI-HAZARDS OBSERVATORIES: TLALOCNET

Plan for120 new cGPS and meteorology stations in the Mexico:	


   	

100 cGPS stations to be collocated with SMN weather observatories 	



existing stations refurbished and upgraded for telecommunications	


possible select new cGPS stations for science enhancements	



!
Science and impact goals:	


•North America Monsoon studies	


•Weather and climate	


•Regional framework for studies of specific faults and volcanoes	


•Earthquake cycle deformation including episodic tremor and slip (ETS)	


•Earthquake hazards - subduction zone	



!

 

 

White Paper for the 2010 Mexico GPS Workshop: 

TLALOC-Net – a next-generation, multi-sensor atmospheric and GPS array for 
hazards, weather, climate, and earthquake monitoring, forecasting and research 

in the Americas 

September 20-22, 2010. Puerto Vallarta, Mexico 

 

 

 

Workshop organizing committee 

E. Cabral-Cano and V. Kostoglodov, Instituto de Geofisica, UNAM; 

C. DeMets, University of Wisconsin;  

E. R. Kursinski, University of Arizona; 

 M. Jackson and M. Miller, UNAVCO. 

 
 
 

This workshop was sponsored by the National Science Foundation (NSF)  

and the Consejo Nacional de Ciencia y Tecnología de México (CONACyT). 

 
 

          

TLALOC TLALOC netnet

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

SMN−UNAM Proposed TlalocNet Sites 
El−Major Cucapah Earthquake Sites (PBO) 
NSF Proposed  New TlalocNet Sites
NSF Proposed Upgrades TlalocNet Sites

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

Original Plan



MULTI-HAZARDS OBSERVATORIES: TLALOCNET

Plan for120 new cGPS and meteorology stations in the Mexico:	


   	

100 cGPS stations to be collocated with SMN weather observatories 	



existing stations refurbished and upgraded for telecommunications	


possible select new cGPS stations for science enhancements	



!
Science and impact goals:	


•North America Monsoon studies	


•Weather and climate	


•Regional framework for studies of specific faults and volcanoes	


•Earthquake cycle deformation including episodic tremor and slip (ETS)	


•Earthquake hazards - subduction zone	



!

 

 

White Paper for the 2010 Mexico GPS Workshop: 

TLALOC-Net – a next-generation, multi-sensor atmospheric and GPS array for 
hazards, weather, climate, and earthquake monitoring, forecasting and research 

in the Americas 

September 20-22, 2010. Puerto Vallarta, Mexico 

 

 

 

Workshop organizing committee 

E. Cabral-Cano and V. Kostoglodov, Instituto de Geofisica, UNAM; 

C. DeMets, University of Wisconsin;  

E. R. Kursinski, University of Arizona; 

 M. Jackson and M. Miller, UNAVCO. 

 
 
 

This workshop was sponsored by the National Science Foundation (NSF)  

and the Consejo Nacional de Ciencia y Tecnología de México (CONACyT). 

 
 

          

TLALOC TLALOC netnet



MULTI-HAZARDS OBSERVATORIES: TLALOCNET

Plan for120 new cGPS and meteorology stations in the Mexico:	


   	

100 cGPS stations to be collocated with SMN weather observatories 	



existing stations refurbished and upgraded for telecommunications	


possible select new cGPS stations for science enhancements	



!
Science and impact goals:	


•North America Monsoon studies	


•Weather and climate	


•Regional framework for studies of specific faults and volcanoes	


•Earthquake cycle deformation including episodic tremor and slip (ETS)	


•Earthquake hazards - subduction zone	



!

 

 

White Paper for the 2010 Mexico GPS Workshop: 

TLALOC-Net – a next-generation, multi-sensor atmospheric and GPS array for 
hazards, weather, climate, and earthquake monitoring, forecasting and research 

in the Americas 

September 20-22, 2010. Puerto Vallarta, Mexico 

 

 

 

Workshop organizing committee 

E. Cabral-Cano and V. Kostoglodov, Instituto de Geofisica, UNAM; 

C. DeMets, University of Wisconsin;  

E. R. Kursinski, University of Arizona; 

 M. Jackson and M. Miller, UNAVCO. 

 
 
 

This workshop was sponsored by the National Science Foundation (NSF)  

and the Consejo Nacional de Ciencia y Tecnología de México (CONACyT). 

 
 

          

TLALOC TLALOC netnet

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

SMN−UNAM Proposed TlalocNet Sites 
El−Major Cucapah Earthquake Sites (PBO) 
NSF Proposed  New TlalocNet Sites
NSF Proposed Upgrades TlalocNet Sites

115˚W 110˚W 105˚W 100˚W 95˚W 90˚W

15˚N

20˚N

25˚N

30˚N

Revised Plan



MULTI-HAZARDS OBSERVATORIES: TLALOCNET
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From C. DeMets (pers. comm., 2013)



PBO AND RELATED NETWORKS - CRITICAL RESOURCES:	


SUMMARY OF IMPORTANT CONCERNS

Aging PBO infrastructure - planned replacement in GAGE, not possible under current budget 
scenarios. Reduced O&M for PBO means possible loss of data and likely will decrease up-
time in long-run. 
!

Need for high-rate and real-time data streams and archived products to position UNAVCO for 
future (NSF and non-NSF) funding and relevance.  PBO is now viewed as a “utility” by many 
critical stakeholders. Cost to renew and upgrade just PBO-AK stations to real-time would be 
considerable ($2.1M one-time funds and $1.0M/yr ongoing costs using current technologies).	



• Geodetic Infrastructure is vital to multiple communities and agencies - how will it be sustained?	


• NSF (and NASA/USGS to a lesser degree) has made the initial investment - but the need for 

sustaining partners remains paramount…	


!

Impact of loss (descoping NSF project) or degradation of PBO assets (physical and human) 
on stakeholders are charged with Safety of Life warnings, Initial Crisis Response, and development and 
maintenance of state-wide Spatial Reference Network systems needs evaluation and mitigation.



GEODESY LANDSCAPE:	


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	




