£ - /, >
"
5
" - of -
A 4
- 4
,'.' -
o

;Is?
24

y

.

P
_

-

Oregon GNSS Users Group - June 17, 2022

G A G E Operated by

National Science Foundation's Geodetic Facility UNAVCO
for the Advancement of Geoscience ——)
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& " What we do

" « UNAVCO supports geodesy research to understand Earth processes
" and help society become more resilient to natural hazards.
* Operates networks of instruments that continuously collect data
* Maintains instruments for researchers to use

* Archives and provides access to data

* Offers geoscience education resources and internships




UNAVCO’s Northwest Region

Ken Austin — Regional Manager based in Ellensburg Washington. Ken
manages operations in the Pacific Northwest, including Northern California,
Oregon, Washington and Alaska

Chad Pyatt — Engineer based in Lincoln City Oregon. I primarily focus on
northern Oregon, Washington and Alaska. I occasionally work in other regions
(central America and the Caribbean).

Adam Woolace — Engineer based in Fortuna California. Adam primarily
focusses on northern California and southern Oregon. Adam also works in the
rest of the region; he helped build the GNSS network in Mexico (TlalocNet)

and works in the Caribbean as needed.

Liz Van Boskirk — Project Manager based in Portland Oregon (Manages
Borehole Geophysical Instrument Network). Liz helped build the Borehole
network and occasionally supports the GNSS network in the northwest and
Caribbean.
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eodetic Facility for the Advancement of
" Geoscience (GAGE)

g UNAVCO operates GAGE—one of the National Science
Foundation’s two premier geophysical facilities in support of
geoscience and geoscience education.

* Formerly the Plate Boundary Observatory, part of Earthscope. The
Earthscope Program formally ended at the end of FY’ 2018, when the new
NSF Geophysical Facility Award took effect.

* Funding provided by the National Science Foundation, NASA, and
the United States Geological Survey

Operated by
UNAVCO )



Major Partnerships in the PNW

* In Oregon:
* ODOT — ORGN, Geometronics Department
* University of Oregon — Earth Hazards Lab, Pacific Northwest Seismic Network
(PNSN)
* In Washington:
* USGS Cascade Volcano Observatory
* University of Washington — PNSN
* Central Washington University — Pacific Northwest Geodetic Array

e In Alaska:
* USGS Alaska Volcano Observatory
* Alaska Farthquake Center
* University of Alaska Fairbanks — Geophysical Institute
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GEODESY

= Sea-Level Change
= Earth and Ocean Tides
= Soil Moisture,

Snow Depth, and
Vegetation Change

= Troposphere Dynamics

= Space Weather

Geodetic Facility

= Geocenter Motion and
Length of Day

= Fault Rupture and
Mechanics

= Tectonic Plate Motion
= Continental Dynamics
= Volcanic Processes

= Tsunami Origin and
Propagation

= Glacier Dynamics

Unavco and Iris will merge in 2022/2023 to become the
EarthScope Consortium

SEISMOLOGY

= Planetary Seismology

= Critical Zone Processes

= Crustal and Lithospheric “""WWW““
Structure

= Mantle Structure and I; I
Dynamics

= Lower Mantle and L. .
Core-Mantle Boundary Seismic Facility
Structure

= Structure of
Earth’s Core

2025 : Open competition for new cooperative agreement
with NSF to operate a Geophysical Facility (including NOTA)
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Photogrammetry is a teqnique that
uses imagery collected from
airborne and terrestrial platforms,
such as drones, to construct

high resolution images of

Earth’s topography.

InSAR (Interferometric Synthetic
Aperture Radar) uses radar images of
Earth’s surface to monitor ground
surface deformation.

GEODETIC

Gravity measurements, some of which are collected by
two NASA satellites in paired orbit, allow geodesists to TO 0 LB UX

determine how mass is distributed around the planet

and how this distribution varies over time.

—

’

GPS (Global Positioning System) is the United State’s component of GNSS (Global
Navigation Satellite System). High precision allows geodesists to detect Earth
movements with millimeter-scale accuracy over extended periods of time.

Borehole Strainmeters
monitor Earth movement
by measuring tiny changes
in the dimensions of a
borehole at depths of

100 to 250 meters.




* Earth’s crust and the ground surface can deform in different ways
and for different reasons

* Fault movement

* Volcanic activity

* Ice sheet mass change

* Groundwater depletion/recharge
e [Landslides

NASA Earth
Observatory



measure the slow movement of
FEarth’s tectonic plates—and the
hazards at boundaries between

plates
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" Measurements show where—and by how much—faults moved

during an earthquake

GAGE
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~" Earthquakes

After the 2021 magnitude 8.2
Chignik Alaska earthquake,
UNAVCO downloaded high-rate
data from stations in the region
and sent instruments and staff to
support post-event research
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“ Volcanoes

&+ Monitoring deformation of volcanoes
provides insight into activity deep below "
the surface—such as “inflation” due to the PZ
arrival of magma from deeper sources

UNAVCO




" Sea level rise

=4

P f : . b) Global Sea-Level Budget
= * Geodesy enables precise satellite °
. 140 -| ™= Ocean (0-700m)
measurements ot sea level height mmm Ocean (700-2000m)
120 Bl Ocean (>2000m)
” ” { i Glaciers
* Gravity satellites measutre ocean and ice - . oades ,
sheet mass changes £ 100 { ™= Antarctica /!
o W Land Water Storage / =
o GPS . 1 . g 80 4 == Observed GMSL ,/
stations measure glacier movement, g
\ " . . . . Q
bedrock uplift as weight of ice declines g ;.
£ . . 9
* GPS stations can also serve as tide gauges § ;.
* All these pieces of the puzzle combine to
show contributors to sea level rise
O -
1980 1990 2000 2010
Source:
Operated by IPCC

UNAVCO

Component sum 1971-2018
GMSL change 1971-2018
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o * UNAVCO supports networks of
.~ continuous GPS stations in
Antarctica and Greenland

e Assists with instrumentation for
wide range of polar research
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Reflected signals give us information about Earth’s water cycle.

Snow Depth

GPS provides remole
snow depth
measurements in
hard-to-reach arcas.

Ice Height

Changing ice heights
indicate how much
freshwaler is stored
by or being lost from
glaciers.

Sea Level

As a tide gauge, GPS
can measure local,
regional, and global
changes in sca level.

Vegetation

GPS can measure the
onset of plant growth,
plant aging, maximum
vegelalion growth,
and the length of the
growing season.

Soil Moisture

Soil moisture
measured over broad
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Atmosphere and More

GPS Satellites

e information about the atmosphere.

GPS signals sel

lonosphere

The GPS satellite signal is delayed
by charged particles caused

by solar storms. This layer can
also be displaced by tsunamis,
yielding information for
tsunami carly warning.

Troposphere

The GPS satellite signal is delayed
by water vapor that can turn into
rain. This informs forecasting

of flash floods and hurricanes.

Mission Cal/Val

Measuring the delay in the GPS
satellite signal as it passes
through the atmosphere is
important for calibrating and
validating satellite datasets.




Applications Beyond Science

£« Continuous GPS/GNSS stations around the wotld are used to
maintain the global coordinate system on a moving planet

* Stations can also be used as reference for higher-precision RTK
(Real-Time Kinematic) positioning used in surveying, precision
agriculture, construction, and autonomous vehicles
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Horizontal changes in latest
coordinate system update




ow to find stations and view data

7 S A of 2
) : _‘La Pine 5 g e B
Map oy, ! = - GNSS velocity vectors
e sl 4 ‘g} 7%, | GNSS Data source:
Station: YBHB Yreka B | N. America, NAM14, UNAVCO v
Latitude: 41.73 2
Longitude: 237.29 Display vectors
Horizontal speed: 7.57 mm/yr y 7N Vectorcolor
Direction: 339.51 ) :
{ v
Speed components: east -2.65, north 7.09, up -1.29 mm/yr 4 W ) 7 1
Standard deviations: east 0.12, north 0.12, up 0.48 mm/yr R A Summer Lake; ) ] ¥ vector len, gth (scaling):

Download data file [csv]

YBHE (Yreka) NAM14

¥ station labels and data download

Fremont-Winema

«National Forest 4 N OJ pisplay error ellipses

O pisplay vertical rates

How many markers displayed:
| Show half Vl

More types of data
O pisplay volcanic centers

O
Klamatw Display volcano labels

Natlonal or O pisplay plate boundaries

O pisplay earthquakes

Earthquakes area:

~
Drawvep XY

- Operated by
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Real-Time Data Availability

» * UNAVCO publicly broadcasts 1-Hz
real-time data streams from select AGE i
stations in NOTA.

Data Real-Time GPS/GNSS Data

* Help with Data

3 . * GPS/GNSS Data
. -\ K / e a S O ro ‘ ) 1 e I O C e S S e 1 —_— I I Z 011 ] t UNAVCO publicly broadcasts real-time streaming GPS/GNSS (RT-GNSS) data from some stations in the Network of the Americas (NOTA), a network comprised of stations formerly part of
the PBO, COCONet, and TLALOCNet networks. Realtime 1-Hz streams from these selected stations are available in both BINEX and RTCM (version 3.1) formats via the Networked

- Real-Time GPS/GNSS Data X . . . X e
U:: ,n:{':mians . Transport of RTCM via Internet Protocol (NTRIP). We also provide 1-Hz point position processed solutions for those same selected stations via NTRIP.

. . . .
BINEX is an open-source binary format that contains both standard GPS/GNSS observable data and other metadata and data timeseries from the receiver. Streaming BINEX data can be
p O Sl 1 O I I S O l I 1 O I l S O I O S ‘ S a 1 O I I S ° translated to RINEX in real time using UNAVCO's teqc utility. The various RTCM formats are typically less comprehensive than BINEX, but RTCM is more common and is translated by most

DATA  INSTRUMENTATION SOFTWARE KNOWLEDGEBASE Q

NTripClient software.

B i"f_"m"'s GNSS Data See our network monitoring map of real-time station locations.
olicy
. .
* Real-Time GPS/GNSS
¢ ata 1s streamed 1in an re
+ IGS Real-time Working
Group Access to real-time streaming data must be requested by emailing rtgps /unavco.org, Please review the UNAVCO Real-time Streaming GNSS Data Policy as well.

Real-time Resources
« RTCM3 Ntrip Sourcetable: rtgpsout.unavco.org:2101
« BINEX Ntrip Sourcetable: rtgpsout.unavco.org:2105

* Data is free to use with attribution.

+ UNAVCO's Real-time Streaming GNSS Data Policy.

Most browsers can not read ntrip sourcetables anymore. Please use a dedicated ntrip client to access them. The BKG Ntrip link below provides a few option.

External Resources

* https://www.unavco.org/data/gps-
gnss/real-time/real-time.html

Operated by

=2 USGS
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https://www.unavco.org/data/gps-gnss/real-time/real-time.html

W o =
e ~~ Network of the Americas

* NOTA is an international geophysics
sensor network and composed of more
than 1,200 continuously operating
instruments, including high-precision
GPS stations and borehole strain,
seismic, and tilt instruments. The
footprint ot the network stretches from
the Aleutian Islands to the Caribbean.




Network of the Americas (1150 GNSS stations across US,

Mexico, Caribbean)
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@ NOTA Multi Constellation GNSS (745 stations)
© NOTA GPS Only (406 stations)
© Meteorological Sensor (243 stations)
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Processed Daily Position Time Series

; High-PreCiSiOn GPS P522 (Taft MountCS2008) NAM14
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% * Plate motion at station P522 £ T ot
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| ; y High-precision GPS

K Plate motion at station P437
' on Whidbey Island

¢ Data help provide insight
474 into previously unknown
plate tectonic motion

* Episodic Tremor and Slip
(E'TS) — Equivalent to an
~06.5 magnitude earthquake
every 14-18 months.

Sawtooth pattern in both

horizontal and vertical traces
clearly illustrate ETS events

UNAVCO
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" High-precision GPS

.+ 2021 Haiti magnitude 7.2 S e ssaue, Sppes

earthquake

North [m]
o

* This station was 348 kilometets 0051
(216 miles) from the epicenter |

0.05} ' ' n

East [m]

RS

Up [m]

Operated by
UNAVCO A earthquake origin time



=+ 2021 Chignik AK
magnitude 8.2
earthquake

e Station AC131s 152
kilometets (94 miles)
from the epicenter

N

* ~(0.5 meters vertical
displacement, ~0.8
meters north and east
horizontal
displacement
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S

. UNAVCO is streaming GPS
; station data into ShakeAlert

e Fast detection of seismic waves
allows for warning before
shaking reaches farther locations

* GPS stations are critical to fast
and accurate warnings for the
largest earthquakes

UNAVCO

" ShakeAlert® Earthquake Early Warning System

shakealert.org

ShakeAlert®
delivery partners

are connected to the
processing center

First Felt Wave
(P-wave)

Q Shakedlert?
rocessing
/_) Center OSSN P
Sensors positioned
@ about 6 to 12 miles apart

Adapted from Erin Burkett (USGS) and Jeff Goertzen (Orange
County Register). Updated by ShakeAlert” team (2020)

exeitn Shake/\lert




2017-2019 (~1.2M)

54 collocations of existing NOTA stations
with new USGS/PNSN seismic stations
Modernization of collocated stations (Full
GNSS, cell modems, power systems)
Modernize an additional 39 NOTA stations
Real-Time streaming to USGS

2019-2021 (~1.5M)

2USGS
science for a changing world

Modernize remaining NOTA stations from
Canadian border to SF Bay area, West of I-5
Density NOTA network in Oregon (5 new
stations)

Enable on-board positioning for 184 NOTA
station 1n PNW footprint

Operated by
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48°

46°

a4

42°

40°

38°

36°

34

32

A GNSS RX upgrade (CA 2017-2019)

A Other NOTA Stations

All stations upgraded (CA 2017-2019)

-124° -122° -120°

-118°

A GNSS RX upgrade (CA 2019-2021)

A Other NOTA Stations

All stations upgraded (CA 2019-2021)

-124° -122° -120°
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-114°

A NOTA Full GNSS as of Aug 15, 2021
A NOTA GPS Only
(O Onboard PPP (CA 2019-2021)
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" Regional focus: Alaska

Wrangell-St. Elias NP

N ¢ > Yukon-
[ . Kenai Aniakchak N Cpariey
L atma ers
® Aleutlan e Lake Clark NP NPros

Subductlon Zone Glacier Bay NP ‘ Denali NP ; c'

) . Alaska/ Interior
[ Accretiona Volcanic i
car thquakes South Gulf of Naska Wedge ry e St. Elias ne of Alaska  North

Basin . e

* tsunamis

* volcanoes .
Pacific

Plate

Yakutat Terrane
Accreted 0-25 million years ago

Younger -

- Prince William and Chugach Terranes
Accreted 50-67 million years ago

- Alexanger, Peninsula, and Wrangellia Terranes
Accreted 85-110 million years ago

Yukon-Tanana Terrane
Accreted 180-225 million years ago

USGS/Robert J. Lillie



Regional fOCS‘ Alaska
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Regional focus: Pacific Northwest

% ¢ Cascadia Subduction Zone

* carthquakes

* tsunamis

e volcanoes

A NrSANGTON
O & S
-Seatle | Crustal

'® o aki
LE . (900A :’18;’2)

~ | Subduction zone | earthquakes
earthquakes (1700) (1949, 1,?55:

USGS



~ Regional focus: Pacific Northwest
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Regional foc

Map

fault marks a
boundary between
the Pacific and
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plates
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Z / CALIFORNIA
“a J CG S, B EARTHQUAKE
‘ USGS S C/E C GEOLOGICAL CEAZE:
/ THE STRENGTH
R At

- - SURVEY 4
science for a changing world AN NSF+USGS CENTER TO REBUILD

‘o California seismic
hazard is
complex!

UCERF3

Uniform California Earthquake Rupture Forecast (Version 3)

Three-dimensional perspective view of the likelihood

that each region of California will experience a
magnitude 6.7 or larger earthquake in the next
30 years (6.7 matches the magnitude of
the 1994 Northridge earthquake, and
30 years is the typical duration
of a homeowner mortgage).

San Franciseo
region

t
| A
Los Angelest = \\E 2
region - {
9 ‘*%\‘{'f N

,1;1",/

State
boundary

1/1000 1/100 1/10 1

30-year M 26.7 likelihood
(percent)

Faults are shown by the rectangles outlined in black. The entire colored area represents greater
California, and the white line across the middle defines northern versus southern California. Results
do notinclude earthquakes on the Cascadia Subduction Zone, a 750-mile offshore fault that extends
about 150 miles into California from Oregon and Washington to the north.



" Regional focus: Caribbean

(Subset of stations plotted for clarity) H

Caribbean is
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e Subduction feeds
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Map  Satellite _ (Subset of stations plotted for clarity) E
D Motion relative to Caribbean plate
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Thank You!

Find us on Visit unavco.org

S DATA  INSTRUMENTATION SOFTWARE KNOWLEDGEBASE Q
GAGE

g m ﬂ WHATWEDO EVENTS COMMUNITY EDUCATION  NEWS

MEASURING
&3 YouTube OUR CHANGING

Permanent stations in Glga'byles g bf)rehole Participants in 2021
strain data delivered last

polar regions e short courses

UNAVCO is a community of scientists, educators, and Use Our Services

professionals working together to better understand Earth DATA

processes and hazards using geodesy. We operate the GAGE

Facility on behalf of the National Science Foundation with
Operated by support from NASA. SOFTWARE

GAGE UNAVCO

—()

INSTRUMENTATION

science for a changing world







Geo-Launchpad Research Experiences in Solid UNAVCO Student Internship
Earth Science for Students Program (USIP)
(RESESS)

Operated by
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EDUCATION RESOURCES

K-12 Activities & Demos

WGS-84 Ellipsoid
North Pole :

Equator t 57523142 m
[Sermi Major AXES (3)
\ Equator (o Conter: g TOOLBOX

6378137.0m

Flattening ()
(a-b)a:
1298.267223563

Videos & Animations Tutorials Posters & Graphics

Operated by

2USGS
PN | GAGE UNAVCO




~ What is geodesy?

* Geodesy is the science of extremely
accurate measurements of Harth’s
shape, orientation, and gravity—
everything from the coordinate system
that underlies all navigation and
positioning to detecting the warning
signs of a volcanic eruption.




How does GPS work?

* GPS devices read signals from satellites

* Signal includes satellite location and
exact time of transmission

 Device calculates distance to satellite
based on time of signal arrival

* Given distance to multiple satellites, it
determines your position (trilateration)

Source:

- Operated by https://ciechanow.ski/gps/
€ B  GAGE UNAVCO




" What is GNSS?

e - Global Positioning System (GPS) 1s operated by the United States

* Other satellite constellations include GLONASS (Russia), Galileo
(EU), and BeiDou (China)

* All are examples of Global Navigation Satellite Systems (GNSS)

* Some recetvers can use multiple (or all) satellite constellations




" High-precision GPS

s .'
e
5

7 ¢ A geodetic GPS station can determine its position with
sub-centimeter-level precision—sensitive enough to measure ground
movement of less than a millimeter per year (the thickness of about
10 sheets of paper).

* Stable mount securely anchored into the ground

* Sensitive antenna that examines the satellite signal more closely than typical

7 handheld GPS device

* Data corrections for atmospheric conditions, satellite orbit, and satellite
clocks turther increase precision

* Can use multiple navigation satellite constellations (Galileo, GLONASS,
BeiDou), commonly referred to as GINSS

UNAVCO




station?

Data connection (such as
cell modem)

Solar panels

GPS receiver and other
electronics

Antenna

Batteries

Operated by

2USGS
PN | GAGE UNAVCO




" What’s in a GPS station?

* Charge controller and power system

e Data connection

e GPS recetver —

 Batteries

UNAVCO




What’s in a borehole station?

&

science for a changing world

GAGE

B944 grantt944bwy2008
443897 -110.5438 23646 m

L N
CHO
32517
strainmeter
CH1
265.1°
seismom Homaer
CH2 Drilled
205.1° CH3 8"hole

17517

200 ft - water took on brown tint and
penitration rate slowed, t=24.8 C

243 ft - rough drilling
2695 ft_~100gpm

NOT TO SCALE

Cables not shown
all depths relative to top of casing ——
Last Updated 3 September 2008

397ft-T=46C

412-413 ft- ashy Tricone
431 ft - fractures drilled
434 ft - very rough drilling 6" hole

435 ft - smoother dilling, 200 gpm
445 ft - more then 200gpm, T=34.8C
464 ft - rough drilling, T=34.8C

Operated by

UNAVCO

472 t,473-475 ft,476 ft - rough drilling
495 ft - rough drilling, T=34.5C T0.
500 ft

Top of
cement

Casing
6"

4 373ft
1 375t _] SEISMOMETER

385 ft bottom of casing

—— ___ 3881t

:| STRAINMETER
— 394ft



0 * Bedrock deforms (strains) as stress
accumulates, releasing this energy as
seismic waves during earthquakes

* Strainmeters can measure changes
in the shape of the borehole of less
than one millionth of a percent

e Detects small fault movements in
between those that GPS stations
and seismometers focus on, filling a

data gap

UNAVCO

7 How do borehole strainmeters work?




movements can reveal seasonal l
or long-term changes in water
resources

Earth surface

Jectonic
plate

(Lithosphere)

Asthenosphere

Scale & movement greatly exaggerated

UNAVCO




¥ The Earthquake Cycle
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* Earthquakes occur when accumulated stress exceeds the strength of
the tault, causing a portion of the fault to slip

* Rock actually deforms under this stress, bouncing back to its former
shape and releasing seismic energy

* While this cycle repeats, the timing of earthquakes 1s not predictable

Interseismic (decades) . Coseismic (seconds)
Strain

: Strain
coast accumulation -

........ _ release
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-
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Earthquake slip
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MIDA (MIDA_SCGN_CN1993) NAMOS8

Processed Daily Position Time Series
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How does InSAR work?

Multiple satellite passes are needed to measure changes.

Example of InSAR detecting change
(Earthquake)

Satellite Pass #1 — Pre-deformation Satellite Pass #2 — Post-deformation

3) After a deformation
B event, SAR satellite
passes over same spot

1) SAR satellite emits
microwave signal (red line)
4) SAR satellite emits
2) Signal bounces off microwave signal (red line)
surface and returns to
SAR satellite along

line-of-sight path 5) Change in signal

blue line) yields ground
movement
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Subsidence

Palm Springs, California, 2007 to 2011

" ALOS-2 Path 166 PALSAR Mode |
2007/06/01-2011/06/01

phase, cm

Center of subsidence

in Coachella Valley

11.5cm

The Palm Springs, California region has subsided approximately 7 - 10 cm
over a four year period (2007 to 2011) due to groundwater pumping in the

Coachella Valley.




The 2016 Akto

earthquake near <t
Xinjiang, China &‘

occurred along a

strike-slip fault. §§

The land south of |
the fault moved to
the west, while the !

land north of the
fault moved to the

east. Total motion &
amounted to _ &%
about 12 cm at §
the surface of this 3
blind fault, with

about 1 meter of
slip at depth.

Three fringes indicate

motion of this region toward

the satellite by about 9 cm.

What does InSAR do?

Earthquake

Ms = 6.7, China, November 11,2016

phase, cm

FAR Sentinel-1, ascending track |
M 2016/11/13-2016/12/07 |

= i.."

& Interferograms of strike-slip

earthquakes typically show a
“butterfly” pattern. Each
quadrantwhere the land is

# either compressing or expanding
J during the earthquake appears

as one lobe of the butterfly.




