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TALK OUTLINE

- Overview of UNAVCO Gl program in NSF GAGE Facillity

- EarthScope overview: PBO infrastructure buildout, current status, and data products
- Sclence Drivers: some examples from Cascadia, CA, and AK

- Codependencies: NASA READI earthquake early warning project; NOAA NWS-ZWD; NGS-CORS &
OPUS services

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

- Vision for the future: PBO as a basis for a multi-hazard network of networks across the Americas -
possible refocusing, descoping, or upgrades and enhancements (i.e. new investments) to PBO?
COCONet science snapshot

- Preliminary recommendations from the Breckenridge, CO, and Leesburg, VA NSF-funded Community
Workshops - update on re-competition process post-GAGE Faclility and EarthScope

e SiimMmmaryvy and challeancde<c adanina forna/arad



GEODETIC INFRASTRUCTURE PROGRAM OVERVIEW

eodetic Infrastructure Directorate

Communlty & Continuously Observing Networks
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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

Geodetic Component - PBO
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1: The Earthscope

A telescope to peer deep into the heart of our planet

Seismic Component - USArray
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INTEGRATION OF GEODESY AND

EARTHSCOPE:

SEISMO
Designed as a 15 year experiment will sunset in 2018

PBO is the geodetic component of EarthScope (~$200M):
1100 cGPS, 78 BSM, 6 LSM, 26 tiltmeters

eamlcal 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 selsmolog
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The Plate Boundary Observatory

Focused, dense deployments of cGPS
and strainmeter arrays

1100 continuous Global Positioning Network Costs
Systems around tectonic clusters - $100M -

» 78 borehole strainmeters Construction

- 5 long baseline strainmeters Phase (2003-

» 26 tiltmeters 2008)

» 100 meteorological instruments

. $54M -

Portable GPS receivers Operations and

- Pool of 100 portable GPS receivers for Maintenance
temporary deployments to areas not Phase 1 (2009-
sufficiently covered by continuous GPS 2013)

Geo-EarthScope - $46M -

* INSAR Imagery covering the western Operations and
UsS Maintenance

* LIDAR Imagery covering the northern Phase 2 (2014-
and southern San Andreas Fault, 2018)

Yellowstone Caldera, and faults In
Cascadia and Alaska



PBO: ANUCLEUS FOR A NETWORK OF GEODETIC
NETWORKS

Education &
Community Beyond 2018
Engagement

Governance GAGE Geodetic Geodetic Data
and Community Impact Infrastructure Services



Gl AC will use recommendations
from NSF Community Workshops
to refine and guide UNAVCO

going forward...

PBO FACILITY HIGHLIGHTS

@& Nominal ®Warning @ Failure ® Manual
1573 Stations Found

1100 station cGPS network at ~95% uptlme

,‘.. , Terrain

PBO Station Location Map

e Searching Station Meta Data
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PBO SENSOR DATA RETURN
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PBO Network Data Return Percentage (01 October 2013 - 31 December 2015)
PRELIMINARY FOR OCT-DEC 2015

“»-GPS “B-Seismic “*BSM =>¢LSM =>Tilt Pore

Calendar Year-Month

Metrics complete through December 31, 2015 (YR8Q1- GAGE

YR30Q1)

“data return”

metastable
system

utimeu };

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.



GAGE-PBO Data Products

GPS data products from PBO, COCONet, other networks
Level 1: RINEX
Level 2: Station positions, time series, velocities (in various ref. frame
Level 3: Community contributed products such as H20 (K. Larson)

Borehole Geophysics data products (Levels 0,1,2)
e Borehole Strainmeter (BSM)
' - Strainmeter (LSM)
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°NW block rotation, translation and

strain

- Combines cGPS and & 3
eGPS measurements

10mm@r|

50" b S s

- Uses PBO cGPS
data

» Constrains “block”

_ 45° %
motion and |
strain/locking along 9
faults McCaffrey et alf

JGR 2013
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eGPS measurements

- Uses PBO cGPS
data

NEVADA BUREAU OF MINES AND GEOLOGY

A Geodetic

Strain Rate

for the Pacific-

North American

Plate Boundary,
Western United States

Corné Kreemer!
William C. Hammond!
Geoffrey Blewitt!
Austin A. Holland?
Richard A. Bennett?

INevada Bureau of Mines and Geology,
University of Nevada Reno
2Department of Geological Sciences,
University of Arizona

2012

This map presents a model of crustal strain rates derived from Global Positioning System (GPS) measurements.
of horizontal station velocities. The model indicates the spatial distribution of deformation rates within the Pacific
~North America plate boundary from the San Andreas fault system in the west to the Basin and Range province
in the east. As these strain rates are derived from data spanning the last two decades, the model reflects a best
estimate of present-day deformation. However, because rapid transient effects associated with earthquakes
(i.e., postseismic deformation resulting in curvature of the GPS time-series) have been removed from the GPS

i f the long-term, steady-state, deformation associated

data, the in rates can be

with the accumulation of strain along faults. This model is useful for both seismic-hazard and geodynamic
studies to understand the activity rates of (known and unknown) faults and the plate tectonic boundary and
buoyancy forces that cause the deformation, respectively. In more slowly deforming areas we expect fewer,
smaller earthquakes and infrequent large earthquakes will have a much longer recurrence time compared to
those in rapidly deforming areas.

Model

“MAGNET"

GPS D.

The GPS velocities were compiled specifically for this study. Of the total
2,846 velocities used in the model, 1,197 were derived by the authors, and
1,649 were taken from (mostly) published results. The velocities derived by
the authors (the “UNR solution”) were estimated from GPS position
ti ies of cont and semi-cont stations for which data are
publicly available. We estimated ITRF2005 positions from 2002 to 2011.5
using JPL's GIPSY-OASIS Il software with ambiguity resolution applied
using our custom Ambizap software. Only stations with time-series that
span at least 2.25 years were considered. We removed from the time-series

i I de errors using a spatially-varying filtering
technique. Velocity uncertainties (typically 0.1-0.3 mmiyr) assume that the
time-series contain flicker plus white noise. We used a subset of stations on
the stable parts of the Pacific and North American plates (far from the plate

earthquakes and we also excluded stations whose time-series display a
significant unexplained non-linearity or that are near volcanic centers.
Transient effects longer than the observation period (i.e., slow viscoelastic
relaxation) were left in the data.

We added to the UNR solution velocities from published studies
(Chang et al., 2006; Freymueller et al., 1999; Hammond and Thatcher,
2004, 2005, 2007; Lyons et al., 2002; Payne et al., 2008, 2012; Poland et
al,, 2006; Shen et al., 2011; Spinler et al., 2010; Svarc et al., 2002; Titus et
al,, 2011; Williams et al., 2006) and those from an unpublished study for
Arizona. The velocities were transformed onto the UNR solution's reference
frame by estimating and applying a translation and rotation that minimizes
velocity differences at collocated stations. We removed obvious outliers and
velocities in areas that we identified to undergo subsidence likely due to

AGEODETIC STRAIN RATE MODEL FOR THE PACIFIC-NORTH AMERICAN PLATE BOUNDARY, WESTERN UNITED STATES M178
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boundaries) to estimate the Pacific-North American pole of rotation. This  excessive water pumping (e.g., California's Great Valley). All velacities used 37
pole is applied as a boundary condition to the model, and the North i the model are shown on map (velocities less than 4.5 mmiyr are satu- 4
American-ITRF2005 pole was used to rotate our velocities into a North  rated such that the vector head is shown irrespective of rate). More details
America-fixed reference frame. We did not include parts of the time-series  can be found in Kreemer et al. (2012).
that show curvature due to post-seismic deformation after major
‘ ‘ , , MODELING DETAILS
For the strain rate calculations, we excluded GPS stations with anomalous ~ a method that fits continuous bi-cubic Bessel spline functions through the
vertical motion or annual horizontal periodicity, which are indicators of local  velocity gradient field while minimizing the weighted misfit to all velocities
site instabilty. First, we used the stations from the UNR solution to create a  (Beavan and Haines, 2001; Haines and Holt, 1993). A minimal level of
Delaunay triangulation and estimated the horizontal strain rate components  spatial smoothing of the variances was applied. The strain rate tensor model 36°
(and rigid body rotation) for each triangle in a linear least-squares inversion  is shown on the main map as contours of the second invariant of the tensor,
using the horizontal velocities as input. Some level of spatial damping was ~ which is a measure of the amplitude that is coordinate-frame independent.
applied to minimize unnecessary spatial variation in the model parameters.  Faults with known slip rates (Haller et al., 2002) are shown on top of strain
The strain rates estimates were then used s a priori strain rate variances in  rates contours. More details can be found in Kreemer et al. (2012)
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PBO observations of hydrological loading Borsa, Agnew, Cayan,

Science, 2014
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PBO H20 SNOW STATIONS
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P392 SNOW DATA

P392 (WrightsPt_ OR2007) NAMOS8

Processed Daily Position Time Series
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PBO H20 VEGETATION STATIONS
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~1632 cGPS (processed and/or maintained) by UNAVCO
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CASCADIA PBO ASSETS: INITIAL AND SUPPLEMENTAL
INVESTMENTS

CGPS statlons operated, processed and mamtamed by UNAVCO
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RT-GPS - CURRENT NETWORK

. ~450 Real-tim&l&ﬁgﬁsnt Network

- Moving towards archiving all data at 1 Hz

- All sites producing RTX point positions

- UNAVCO also participating In initiative for open
Pacific wide data, NASA Is leading through the State
Department

- Major upgrade to PIVOT Is underway

- Test of archive quality streams In process (limited to
NetR9)

- Amazon grant received to test ~250 sites with all

\resources In the clo
\ « Network side g@p@%%’;@% Hz data

~«\a  + Archiving multiple data sets for same sample

o rate and station. (How to present this).

hee _.-.:'-'-'-'-;;j;:fqi- Very low dedicated resources (GAGE YR1 - 1
FTE)

- |ll defined formats for processed real-time
positions (UNAVCO will propose an
EYRO/BNX hybrid - still need for SEED
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RT-GPS - CURRENT PBO NETWORK IN
WA

Realtime GPS Network
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ODOT CONTRIBUTED SEPTENTRIO

Oregon Septentrio Deployments

Write a description for your map.

(@f )
v
.

%alemm

'l
Googleearth

Data SI0, NOAA, U.S Navy, NCR GEBGCG~—

Data LDEO-Columbia, NSk, NOAA

.'"'\I
i




PARTNERSHIPS
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P364 SEPTENTRIO UPGRADE

F364 Sipnal-to—Noise {3540 deprees)
\ 50
45 RS E——— P364 (BandonArpt0R2007) NAMOS8
) Processed Daily Position Time Series
T a0
100 -
25 i
—
20 € 80- _
15 | I | I | | | | I E !
W o 12-31-08 12-31-10 12-30-12 12-30-14 12-29-16 - 60 - B
Timestamp ot 1
@ L1 SHR 4 L2 SNR E 40 - L
z .
P364 Observations Above QC Mask 20 - —
120000 - 3 1073 0 - e
| E Adjustment: -44.8 mm
I - 80 - |
aoao0 - 4 1072 _ |
s | 5 ~ 60
= . i) 1
T o000 | ] = £ 40 - =
o e T T T T
S 40000 | II "” nm A A HW" 4 101 B 207 -
! i . © -
: . L | u
20000 |- i . 0 _
' i ' ~20 -
0 1070)  —————
e 12-31-08 12-31-10 12-30-17 12-30-14 12-29-16 Adjustment: -25.1 mm
Timestamp
@ Pozsible @ Complete [Slip 30 urlun
P364 Multipath - 20- -
E i
! £ 10 i
I = _
o 'y
060 _ - 0 |
(.50 = 1
P Eedl 0 _10- |
% i T 10 _
= Q.40
I —20 ~
. 2004 2000 2008 2010 2012 2014 2016
0.20 | Adjustment: -0.4 mm
01-01-07 12-31-05 12-31-10 12-30-12 12-30-14 12-29-16 o Final solution * Rapid solution Std. Dev.
|.::;. ML -'I'-HF'2| Time=tamp Source file: P364.pbo.nam08.pos Last epoch plotted: 2016-09-08 12:00:00



GAGE: REAL-TIME GPS/GNSS UPGRADE
PLAN
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REALTIME GPS DATAFLOW AT UNAVCO

SURVEYORS

BOULDER, NOC

BINEX

PRIMARY SYSTEM
Data flow + processing CASTER L RTCM2.3

RTCM3.1

SECONDARY SYSTEM
Data flow + processing

CASTER 2 NMEA
(RTX)

o MmO Z2>FC >0@OP>OC

GOV

Primary and secondary systems provide redundancy, both run simultaneously



UNAVCO 5

PBO REAL-TIME GPS/GNSS USERS

RTGPS New Requestors FY2010 RTGPSNew??%?torsmon nosm:;uestmmou ntcpsu:\:?“wnzou | Trends In PBO RT_GPS
| = usage:

.

Increase 1N the number

of new commercial
ABOVE: Based on the NUMBER OF NEW USERS (new requestors) per year, the percentage of commercial users ge Ct or users fro m 2 O 1 O

relative to academic and agency users has increased consistently over the past four years.

BELOW: Based on the VOLUME OF DATA DOWNLOADED per year, the percentage of commercial users relative to to 2 O 1 3
academic users has decreased consistently over the past several years.

Rawl Tima G Usery vy Data Valume Noal Tivee GPS Unens by Dts Volume
Dvsrdomted (FYI01)) Dawnloaded (1Y2012)

D~
Interpretation: there are gy -
more commercial users
than academic users of
RTGPS data, but - .
academic users access .
larger volumes of data. e

v ot

Increase In the amount
of RT-GPS data
downloaded by
academic groups




UNAVCO
) RT-GPS DATA USER METRICS (OCT-DEC

RT-GPS Registered Data Users by Type GAGE Y2Q1

Academic
65

21%

Commercial
188 National, State &
59%_H _ Local Agenicies plus
— Non-profit
Consortia
65
20%

2N1 A1)\

RT-GPS Active Data Users by Type GAGE Y2Q1

Academic
e
- 10
16%

C ial
nmr:::mﬂ \ National, State &
54% Local Agenicies plus

Non-profit
Consortia
19
30%
RT-GPS Data Accessed (GB) by User Type GAGE Y2Q1
Commercial _—
446
16%
_Academic
1002
35%

Mational, State &
Local Agenicies plus ___
Non-profit
Consortia
1380
49%

T



EARTHSCOPE: STRAINMETERS, SEISMOMETERS
AND TILTMETERS

concerns

- Strain workshop identified need for improved data
processing outreach (workshops, etc.)

- Need real-time processed strain products (cleaned,
translated to SEED).

- Antelope License changes - concern Is resources to support
multiple concurrent streaming platforms now required.

New Data-Related Initiatives

- Realtime strain data (on hold until summer while we focus on
RT-GPS)

- Improved strain data quality (review two stations a week with
engineers)

- Integration into Web Services (Level 2 Data Products)

- Move streaming data from Antelope to SEEDIink (beta Is
operational)
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DRIVING THE PBO AND OTHER CGPS NETWORKS:
MONITORING VS. SCIENCE?

- What Is monitoring and how has it changed over time?

- Intermittent observations with single sensors (past); selected continuous observations with selected multiple
sensors (current); spatially dense observations over the entire deformation frequency spectrum with validated
data available on any platform of choice (future).

- What are the values and benefits of monitoring?

- Validated geophysical “monitoring” data condition “scientific” discovery; new “scientific’ models can drive the
need for additional “monitoring” data and systems; experimental (physics-based) model may not apply to most
geophysical observations - earth system is complex and very interconnected...geohazards and concomitant risks
are not constant in space and time!

- What challenges/opportunities exist in managing, maintaining, and providing access to monitoring
data in a real-time’ world, to multiple users?

- Continuous (geodetic) sensor observations combined with open data model serves the broadest possible number
of stakeholders and applications; but why pay for the cow when you can get the milk for free?
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punding systems that depend on PBO, but ‘e
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NSF Is not committed to O&M beyond 2018 or upgrades to RT-
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Overview

he NAS A-supported Real-time Earthquake Analysis for Disaster Mitigation Network is a research project that
leverages the 500+ station real-time GPS network in Western North America to prototype an accurate and timely

arthquake and tsunami early warning system using GPS (GNSS) technology as well as GPS5/seismic integration.
NASA funds realtime GPS projects at UCSD's Scripps Institution of Oceanography, Central Washington University,
Caltech's Jet Propulsion Laboratory, and University of Nevada Reno. Collaborators include UC Berkeley's
Seismological Laboratory and Caltech's Seismological Laboratory.

| DataSources | | Western U.S. Map

SOPAC computes real-time GPS satellite clocks and fractional-cycle biases for use in precise point positioning with
ambiguity resolution using real-time data from GPS stations in North America (outside the zone of active tectonic
deformation in the Western U.S. and British Columbia ). See interactive map below.

Note: Earthquake information available in GPS Explorer:

Map - Current READI Status
Active Eﬁ.DI Stions -

(Updates automatically every 5 minutes)

Dark Blue: up Hed: down

@ Map Tnul

Layers

= Base Layers
Basic
Satellite
(*)Terrain
USGS Topo Quads
= Overlays
Tectonic Plates
(¥ Fault Lines
LS Interstates




NGS - CORS & OPUS: PBO DATA

PEDICKTRIRI ITIONI
Top PBO GPS Data Users by File Downloads (Jan 1 - Sep 17, 2014)

Files Downloaded

Tampa (USF) , , | , , , , . 4,018,709

UCAR iy s e s s sy 3,033,092

Amazon , , , , . 2,782,794

TUM, Munich . . | 1,860,382 1,217,172 CORS archive via FTP and custom download (UFCORS)

Caltech 1,487,368

NGS T
UNR , L 1,149,699

JPL , - 1,041,635

Olstyn, Poland , 887,121

CU | 851,607

Users (by Unique IP)

CWU (GAGE AC) | 782,774

Wy o v gl
. ' 4 - - - R, g y - )
NOAA Wl 641,961 Ry ", eHatiaia 188 (A RI

UCSD . 589,838

NMT (GAGE AC) . 337,922

USGS 297,492

MIT (GAGE ACC) 1,765

B




UNAVCO >

GAGE PBO BUDGET - O&M HISTORY AND
YR1&2

PBO Component Glbudget GIFTE GDS5Sbudget GDSFTE  Total budget PBO Annual Budget GAGE Y1/Y2
GPS Ops 5 4,55 I 16.20 5 1.65 W .00 56.20 M D&T Management
RT-GPS : - $032M 164 50.32 M SMOps 2%
B5M Dps 5 1.07 M 3.75 50,52 M Z2.8B5 5 1.59 M SM Obs
LM Ops 5 0.24 M 1.00 - . 50.24 M
D&T 5 0.19 M 1.74 - . 50.19 M
Management 5 0.56 M 2.50 50,10 M 0.60 5 0.66 M .
a%
Total 5 6,61 W 25.19 52.59M 12.09 59,20 M

PBO O&M Funding: Historical and Projected
PBO CA: $53.7M; $10.7M/yr average

516,000,000

$14,000,000 GAGE: $46.4M; $ 9.3M/yr average
612,000,000

510,000,000 I I | | [ | [ | B

sgo00000 4 —4 00— — — — — — — — — — — — — - POST-GAGE: 25% reduction?
56,000,000 . | [

o POSTGACE, - HOST-GAGE: Flat-funded]

50 _ .
2008 2005 2010 0 2011 2002 0 2013 2004 2015 2016 2017 2018 201% 2020 0 2021 20:Ez2 POST-GAGE 25% Increase?
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- Total of 15 L2C-capable SVs in orbit now
- Total of 8 L5-capable SVs in orbit now
- Block Il SVs to begin launch in 2016

- DoD/DoC announced phase-out of civil access to P(Y) on
L1/L2 effective 2020 to drive commercial sector to L2C/L5
applications

- PBO has ~900 Trimble NetRS deployed - only can encode L2C
& no GNSS signals (all are EOL/EOS); most EAR/PLR pool
receivers are the same vintage technology

- PBO/COCONet/TLALOCNet has ~250 Trimble NetR9 deployed -
can encode L2C, L5, +GNSS

- UNAVCO RFP for new GNSS recelver preferred vendor
was finalized in June 2015 with Septentrio, Inc. 119 new
Instruments purchased (19 by ODOT) in 2016 and ~60
deoloved to date

GPS MODERNIZATION - IMPLICATIONS FOR

operational operational operational
Coarse = C/AcodeonlL1 = All legacy
Acquisition = P(Y) code on L1 signals

(C/A) code on & L2 = 2nd civil signal
L1 frequency on L2 (L2C)
for civilusers = On-board clock | " o " o0 o
Precise P(Y) monitoring

= New military M
code signals for
enhanced jam
resistance

codeon L1 & L2 = 7.5-year design
frequencies for lifespan

military users = Launched in
7.5-year design 1997-2004

lifespan VIEW AIR FORCE
FACT SHEET "

= Flexible power
levels for
Launched in military signals

1990-1997 = 7.5-year design

lifespan

= [aunched in
2005-2009

VIEW AIR FORCE
FACT SHEET "

8
operational

All Block IIR(M)
signals

3rd civil signal
on L5 frequency

(L5)
LEARN MORE "

Advanced
atomic clocks

= |Improved
accuracy, signal
strength, and
quality

= 12-year design
lifespan

= |Launched since
2010

VIEW AIR FORCE
FACT SHEET =

Now in production

= All Block IIF
signals

= 4th civil signal

on L1 (L1C)
LEARN MORE "

= Enhanced signal
reliability,
accuracy, and
integrity

No Selective
Availability
LEARN MORE "

Satellites 9+:
laser reflectors;
search & rescue
payload

15-year design
lifespan

Begins
launching in
2016
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PBO PERMITTING STATUS

. James Downing hired in September, 2014 to Number of Renewals by Year

manage UNAVCO Contracts and Permitting 275

issues. 220

165

- 1.3 FTE currently allocated for the permit 110

renewal process. This Is a nearly two-fold 55
Increase In LOE from PBO CA and GAGE YR1 0 - -

" . 2015 2016 2017 201¢
- Developed a permitting renewal plan which

will require an evenly distributed budget with
projections between $212k and $262k each 337500
year through 2018. 570000

-The number of permit renewals expected in 202500
2017 and 2018 remains high due to clauses 135000
that prohibit renewals sooner than 9-12 67503

months before the stated expiration date. 2015 2016 2017 2018

Estimated Renewal Cost by Year ($)




WORKSHOP ORGANIZING COMMITTEE AND
 TIMELINE
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Glen S. Mattioli, UNAVCO GI and PBO Director, Chair and Pl for NSF Workshop proposal
Rebecca O. Bendick, UNAVCO Board of Directors liaison to the Gl AC
James H. Foster, Chair of the Gl Advisory Committee
Jeffrey Freymueller, Chair of the PBO Working Group

Proposal submitted to NSF: March 18, 2014

Awarded: June 7, 2014, EAR-1441122; $60.4K

Workshop announced: June 26, 2014

Workshop convened:. September 22-24, Breckenridge, CO
Participants: 66, including 17 UNAVCO staff members and NSF and USGS program managers

: : - pr i 3y N -'.:b""(' RN \ P
- A S S8 P, B Al —, A . =

- ‘ o ";i : g T ' &- T ‘ SLF 25" 28 . h."**' W g - e T i~

i - Y . > e, . O ' o A -~ p e : LY ) . . = ) e —— . N
S - - i - l"y’k. -7- ) 1o : . .'- t.’ "“ .ﬁ ; "\' = ; - \ <= ‘\. . P ooty 'y \ 4 ' . . - - ’ ‘

- v : oy i A (o o . ; y . » o - .
&~ - . ¥ 2 ",; - ’-pz ! e - . ! :_' 8- B ) : '.4- -\\. ~,
ol . o ahad P ‘.’ g - €L7% . - -~ . . - -
. - , -




O

o)

O O

UNAVCO &5

RECOMMENDED IMMEDIATE MANAGEMENT
ACTIONS

Regularize maintenance and service schedules in regions where transients are “less likely” (resulting in reduced uptime)
[dentify key regions (Cascadia) for immediate maintenance response where transients are “more likely”

Upgrade stations to real-time where cost-effective comms and adequate power are already available
Upgrade a limited number of GPS to GNSS In strategic target areas of high scientific value, large user communities, and D&T

Encourage NSF staff to aggressively pursue federal agency cooperation at the highest possible level
Explore all avenues for “upreach”

Seek partnerships to meet additional costs for earthquake early warning and other GNSS-enabled, high-rate, RT applications

Make immediate investments in the data management work flow to allow more data integration and sharing
Expand UNAVCO’s ability to ingest and fully integrate or serve as a portal for data from non-PBO sources

Explore adoption of O0&M costs or collaborative sponsorship of some sensors or sets of sensors by other entities
Leverage ECE to better engage the public and stakeholders in UNAVCO activities

Identify sites with the worst data quality and move to other location or decommission as possible (or do not renew permits)
Otherwise, do not decommission GPS sites prior to 2018

Defer all maintenance of low-value borehole installations, or divest the sites only producing seismic data to regional seismic networks
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SUGGESTED LONG-TERM ACTIONS

Positioning PBO for the future

o Develop a strong GNSS (i.e. GLONASS) + real-time streaming pilot project

o Develop a strong multi-timescale data products pilot (e.g. Mt. St. Helens)

Imulti dataset Google Earth for time series]
o Develop a pilot project to stream multiple sensor outputs and develop a flexible, generic data

stream hardware + software system (leverage existing systems developed by Ocean Observing
[nitiative)

o Develop pilot data products for nontraditional users

o Build a management framework for institutionalizing adoption and sponsorship of sensors
o Collaborate with NASA for optimization and validation of NISAR and and cal/val for SMAP
o Adopt suggested prioritization for borehole and long baseline laser strainmeters

(after incorporating additional input from the strainmeter user community)

o Explore alternative models for funding the strainmeter network
A Evxvnplore and tect alternative method< of GPS data transemi<<ion and data flow modelcs
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FUTURE GEOPHYSICAL FACILITIES

WORKSHOP
Workshop held in May 2015 in Leesburg, VA Future Geophysical Facilities
>100 participants IR Chellonges in the Earth ScieiEll

- Report divides Iinto three components
related to seismo-geodetic facilities:

- EXIsting Foundational
- Emergent Foundational

- Frontier
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EXISTING FOUNDATIONAL

Capabillities that are fundamental and essential to present and near-term science directions, including the
continuation of currently funded NSF projects.

1. Maintained permanent seismic, strainmeter, and geodetic networks
A global very broadband seismographic network
* Permanent and continuously recording GPS networks

* A network of borehole strainmeters

3. Deployable geodetic observation systems
* GNSS instrumentation
 Terrestrial lidar instrumentation
» Continued installation and occupation of campaign-mode seafloor geodetic monuments

5. Data archiving, quality control, and distribution
6. Hosting of community-provided products and services
9. Workforce development
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EMERGENT FOUNDATIONAL

Components that incorporate current technologies would drive significant progress on major science
challenges and were judged to be high priority for the 2018-2023 time frame.

12. Instrumentation for rapid response

14. Operational GNSS processing

19. Expanded ocean bottom seismographic and geodetic capabillities

20. High-bandwidth and real-time global telemetry

21. Development of instrumentation and telemetry systems capable of supporting multidisciplinary
environmental observatories
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FRONTIER

Those capabilities that are, to varying degree, nascent, but are of significant interest to the community for
their potential to enable transformative science and ensure continued scientific progress.

24. Seafloor and free-floating geophysical networks

26. Deep borehole access and instrumentation

27. Instrumentation for high-risk/high-benefit experiments
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POST SAGE-GAGE VISION

For example, the community envisions a future that includes:

(1) near-real-time and daily maps of deformation derived from integrated seismic, Global Navigation Satellite System
(GNSS) instrumentation, and orbiting radar satellite data;

(2) anchored and drifting seafloor and water column geophysical instrumentation distributed around the globe;
(3) arrays of fiber optic cables providing spatially continuous high-rate sampling of surface strain,
(4) aerial and marine drones that can be customized to host and/or deploy a range of instrumentation;

(5) large Iinstrumentation pools that can be routinely deployed in diverse environments and across a range of scales to
record the full spectrum of dynamic events, ranging from coseismic offsets, to slow deformation, to spatially unaliased seismic
wavefields;

(6) global telemetry providing high-rate and low-latency sampling from any number of remote instruments; and

(7) routine access to high performance computing (HPC) and associated capabilities for data reduction and model
iInference on an unprecedented scale.



W@ther Continuous GPS Networks
Supported by UNAVCO

» COCONet (76 new or upgraded, 61+

existing cGPS/Met stations plus 4 tide

gauge stations installed in the Caribbean
region)

- TLALOCNet (6 new, 18 upgrades to existing
cGPS/Met stations in Mexico plus 13

contributed from UNAM)
- G-Net (42 cGPS stations In Greenland)

» A-Net (42 cGPS/seismic stations In
Antarctica)
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PBO+COCONET+TLALOCNET: ANUCLEUS FOR A NETWORK OF
GEODETIC NETWORKS ALONG WESTERN NAM - SUBDUCTION ZONE
OBSERVATORY?

BSM_pbO_aIuetians =0
S4B SM_pbo_cascadia = 46

cGPS all aluetians =123

M MNN

cGPS all cascadia = 235




UNAVCO 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 borgf, -
Disseminated archives for shared capacity Raler
Driving development of new techno

for sea-floor geodesy o

.....

PN | PBO + CCN + TLN => NOTA
N Network Of The Americas




UNAVCO PBO: A CRITICAL NATIONAL

ing PBO infrastructure - pldhbsbli{ebBient in GAGE, not fully possible under current
budget scenarios. Many EOLE&OE MM XiDie ridil @RIl &t close of GAGE Facility.

Reduced O&M for PBO mearGONSIBEIRRINSS 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 develobment and maintenance of state-wide Spatial Reference Network svstems



QUESTIONS?
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