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M About UNAVCO

« NSF and NASA funded
« Non-profit

« Consortium

- Membership-governed

Facilitates geoscience
research and education

using geodesy

- Operates the Nation’s geodesy
facility, including the Plate
boundary Observatory on
behalf of NSF 1.4 N\

Broaden the use of UNAVCO data and products by a wide
audience of educational and research users
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Meet the Plate Boundary Observatory

Geodesy Advancing
Geosciences &
EarthScope (GAGE)

Continent-scale
network

* GPS

Borehole
strainmeters

| aser strainmeters
LIDAR

Focus:

* Extended plate
boundary

Operated by UNAVCO
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2 FarthScope in Arizona and New Mexico

AV AL

-4 | /s |« #%  GPS Symbols:

047 dne ¥ ‘.‘1" Velocity vector
Y P ¥4 and error ellipse
B

25 mm/vear speed scale

{ - G y Other Symbols:
\3‘ WO A | [Earthquake a
i 1 3 3 .
't 3 ey | ’ " * A= q £10 020 ¢33 @ 70 110 G150 300 C500¢ bo,o Com!nental Cpnvergent Boundary
- e - | df e T ' P lsgmatnd Depths ls% Continental Rift Boundary
' .' f»-ﬁ e ] ' ,."‘;":".; "“E ',‘f 45 Volcanoes Earthquakes L+ Continental Transform Fault
i il e A rakgh TN Uie - . L*s Oceanic Converaent Boundarv
o A i v, ! =4 |V
BTy o 7 R Y S

LR o 0 T
. o Va1t

.'55 AT - y

= : / ) B e R | w380 »
e - ? ¢ e B ~ y L) "" f'_..‘f’" | :
SO Sy S AR e 5 . Colorado

Wy LT Springs

|

I

|

S I
-‘i‘fueblo & %
I

|

I

@ Iy
_____ == _PENNY
L l
- S (i SENEE ey o
k
Amgrillo

%

A"F-RI‘Z'O“NAi R \ NELRT '
'.'1 e AR RAPEA] &‘W QXICO )
l‘.-/iﬂqnto Nationaqureﬁst a kY

\$XL0 Lubbock
o

o L2 : *.‘ . V.2

A R M

o
Odessa San Ag

>

Torme nfllcoa Donart a4 man orenr



UNAVCO A

LIDAR — looking below the trees

Open Topography: http://www.opentopography.org/
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Mducaﬂon & Community Engagement

Training Education Materials Communications Workforce Development

o 1 raining
Technical short courses, educational workshops, evaluation, new delivery methods

. Education Matenals

Curriculum development (Strain module, GETSI project [NSF-TUES], existing learning materials

. Communications

Website, outreach materials, social media, conferences

« Workforce Development

RESESS, RESESS Alumni network, Science Workshop mentoring
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Learning

Materials

- Tutorials & How to's

[ essons

Student worksheets

Animations

How to download data

Based on time series inversion algorit]
2001) and Berardi

) Usi

s Computer Instructions

izit between E.
Volcanoes. and Plate Boundaries in the Western U.S.
ing the EarthScope Jr. Data Tool

v
A

UNAV/

PartI
Starting at www.unavco.org
» Click on under the and section

Click on EarthScope Voyager Jr. -The

direct link is:

http://jules. unavco.org/Voyagerir/EarthS

cope A map of North America will load in
ds.

3 zoom view of the western United

Click on map

/tnmomm

Wuw EmavEo. o

Go to: http://www.unavco.org/

Education and Outreach - Jules Verne Voyager Map Tool

Zero strain rate areas
are represented
as pure black.

i
6¥ Worksheet
lNA_VO.o Earthquakes, Volcanoes, and Plate
I~ Boundaries

1t I: Comparing earthquake and volcano locations
will need:
Internet access (Mac and PC-compatible) or the map packet
Dry erase pens and transparency paper with map of Western U.S. OR color pencils.

ructions

K into teams of two. In your teams, designate one person to study the Earthquake
and one person to study the Volcano map. Separately study your designated map
answer the questions below.

bw the computer instructions on how to use EarthScope Voyager Jr. or study the
showing Earthquakes and Volcanoes of the Wester United States provided from

Inap packet.

hquake Map Questions: Study where earthquakes are and are not located.

fch the approximate locations of several earthquake *clusters® using a dry erase

[on the map of the western United States printed on & transparency of from the

page of the worksheet.

ow are earthquakes distributed? If there is a pattern, how would you describe it?

re are there no earthquakes? Are they located near the edges of the continents,
continent, in the ocean?

it what depth do the earthquakes occur?

Fano Map Questions Study where volcanoes are and are not located.

ch the approximate locations of several volcanoes using a dry erase pen on the
of the western United States printed on a transparency or from the last page
e worksheet,

o are volcanoes distributed? Where are there no volcanoes? Are they located
the edges of the continents, mid-continent, in the acean?

there is & pattern, how would you describe it?

UNAVCO, o

United States




UNAVCO, NAVCO Highlights, and Snapshots
reading Iiteracy with science

= || unavco.org

| our | suppor < —
UNAVCO »

Community Services Data

SCIENCE

. 4 za” Y& < % {
UNAVCO, A NON-PROFIT UNIVERSITY-GOVERNED CONSORTIUM, FACILITATES GEOSCIENCE RESEARCH AND EDUCATION USING GEODESY.

We challenge ourselves to transform human understanding of the changing Earth by enabling the integration
of innovative technologies, open geodetic observations, and research, from pole to pole.

WHAT'S HOT

HIGHLIGHTS SCIENCE SNAPSHOTS
New Video: UNAVCO (Explained in

M9 Tohoku Earthquake, March 11 2011
3 Minutes). I

B076, Donna Lee, Parkfield
Notice to UNAVCO GPS Data

Product Users: File Format Update
on March 25th 2013.

T 1395 earth tide phus ocean load signal
K
3 e | 40, Sierential theat 1210 (Eee-Enn)
p!
3
3
4 1404 pode pressure s
km ; o
* H ’. \ 1-3p% barometric pressure ooy
™ (] 100 ¢ mﬂwﬂ BN v ™
April 3, 2014

August 15, 2012
A magnitude Mw 8.2 earthquake ruptured the subduction zone
off the coast of northern Chile at 11:46:46 p.m. GMT on April 1,
2014. The event occurred in the "Iquique seismic gap®, a...

UNAVCOQO'’s Plate Boundary Observatory includes 75 borehole strainmeters
installed predominantly throughout the west coast of North America.
Strainmeters work by detecting changes in the size of the borehole, and are...

http://unavco.org/
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UNAVCO

UNAVCO, A NON-PROFIT UNIVERSITY-GOVERNED

Solid Earth

Cryosphere

Environmental & Hydrogeodesy
Ocean

Atmosphere

Human Dimensions

Technology

Solid Earth

Cryosphere

More UNAVCO & PBO Science

Community Services Data Instr

CONSORTIUM, FACILITATES GEOSCIENCE RESEARCH

Science

Learning

USING GEODESY

UNAVCO is a university-governed consortium uniquely positioned to advance and support the
geodesy community's science goals. Over the last decade, UNAVCO's scope has expanded
significantly with many Collaborations to serve new science communities and including those who
focus on the deformation of ice, the Earth's response to ground water, sea level, and other aspects of
the hydrosphere, and renewed interest in imaging the structure of the atmosphere. Community
Science showcases the UNAVCO community's applications of space geodesy and science products,

and highlights their science.

Earth and the tools we use to study it are
constantly changing. The tectonic plates are
continuously in motion, though so slowly that
even with our highest precision instruments we
need months or years of observations to
measure it. Over the last several decades, the
advent of space-based geodetic techniques
have improved our ability to measure tectonic
plate motion by several orders of magnitude in
spatial and temporal resolution

Ice covers approximately 10% of Earth’s land
surface at the present, with most of the ice mass
being contained in the Greenland and
Antarctica continental ice sheets. Designing
and undertaking geodetic experiments that
enable researchers to improve our
understanding of ice

Through its sensitivity to mass redistribution
and accurate distance measurements, geodesy
is uniquely posed to answer fundamental
questions about issues relating to water and the
environment. Geodetic observations are
enabling us, for the first time, to follow the
motion of water within Earth’s system at global

Ocean

Atmosphere

Human Dimensions

Technology

Seventy five percent of Earth's crust is
unobservable using solely electromagnetic
energy-based geodetic techniques. Seafloor
geodesy can now expand geodetic positioning
to off-shore

Space geodesy utilizes electromagnetic signals
propagating through the atmosphere of Earth,
providing information on tropospheric
temperature and water vapor and on
ionospheric

Natural hazard mitigation, the effects of climate
change, and optimum use of water resources
are major areas of concern for humankind
today. Geodetic research associated with
earthquakes and volcanoes have far-reaching
goals of providing early wamings and
mitigating future

The incorporation and calibration of new
technologies as an extension of geodetic
research is a burgeoning opportunity that is
being avidly embraced by the scientific
community. High-resolution images and 3D/4D
topography maps both inspire and facilitate
field-based tests of a

environments. Researchers can see the effects of
changes in Earth's crust far beyond what we can
measure with instruments placed solely on dry
land.

Ocean Science Snapshots »

electron density. Thus, in the early twenty-first
century, the goal of geodesy has evolved to include
study of the kinematics and dynamics of both
Earth’s atmosphere and the solid Earth.

Science »

hazard events on a global scale. As the population
density increases and more people live in proximity
to seismically active faults, understanding the
nature of earthquakes remains a vital goal of the
Earth sciences.

Human Dimensions Science Snapshots »

new generation of quantitative models of mass
transport mechanisms. Open access to data, tools
and facilities for processing, analysis, and
visualization, and new algorithms and workflows
are transforming the landscape of geodetic
scientific collaboration.

Technology Science Snapshots »




UNAVCO . .
o Social Media

Follow UNAVCO on Ei

,‘o ,-(v

e 47, ' 9%

UNAVCO

UNAVCO ‘ Update Page Info ] ‘ « Like \ ‘ A Save Message #* ¥ ‘
5.0 % % % X X

(5 ratings)

959 likes - 100 talking
about this - 52 were
here

Non-Profit Organization
UNAVCO, a non-profit university-governed consortium, facilitates
geoscience research and education using geodesy.

About Photos Events Likes
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Exhibits

OREGON STATE UNIVERSITY

Hatfield Marine Science Center

2030 SE Marine Science Drive
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> GPS Spotlights

DAl Search: group & suominet gps - C COSMIC - Suomih PBO H20 Data Po - |GPS Spotlight : Hc PN GPS Spotlight : Spe: x C P80 " |GPS Spotlight : Sta

Spotlight Map

oumus | > wors W) cocnd @

Animals
Atmosphere

Earthquake
Tectonics
Volcano

Water Cycle

Map data ©2014 Google, INEGI, ZENRIN 500 km

http://xenon.colorado.edu/spotlisht/index.phplaction=map



UNAVCO_ Data for Educators for

resources you can use
et s g — Visual display of

GPS Data Products Map | Satelite | Hybrid | Terrain |

{

StationId  Location [IFE=) . .
ALBH Albert Head, Victoria, Canada
BEMT Twentynine Palms, CA S a O n O C a O n S
NEAH Neah Bay, WA
SBCC Mission Viejo, CA
SEAT Seattle, WA
Edi I using these static

r
Using GPS Time Series Plots to Determine Plate Motion in
California
Using GPS Data to Visualize the Influence of a Subducting
Plate in the Pacific Northwest e
Visualizing Relationships between Earthquakes, Volcanoes Sea
and Plate Boundaries in the Western United States
Episodic Tremor and Slip: The Case of the Mystery
Earthquakes

... movement on different sides of a fault :
GPS Data Products |§| -~ Fu II data plot

Station Id Location

o

o

Gulf of
Alaska

o

v - Interesting data

e at

o

Shec inisitvidi v Station Information: SLAC

[
E

i r using these
o Using GPS Time Series Plots to Determine Plate Motion in

o Time Series Plot g -
o %Zzinzliiq Relationships between Earthquakes Volcanoes SO ceries o L Qu I C k d a ta p reVI eW

and Plate Boundaries in the Westem United States

...rebound of plates after an earthquake!

GPS Data Products 50 «
Station Id Location —_
CAND Parkfield,, CA To dis £
CARH Parkfield, CA yuwl £ L4 X C e r e a a e
Educational r using these static Series £
o Using GPS Time Series Plots to Determine Plate Motion in 2 /
California

Gen

et "™ | formats

Download Time Series Data
Excel-compatible format - [CSY]

o
<

... movement on a subduction zone
GPS Data Products
Station Id Location
NEAH Neah Bay, WA
ABI Pacific Beach, WA
PO20 Lind, WA
SC03 Ellensburg, WA
SEAT Seattle, WA
Edi ional r using these stati
Using GPS Data to Visualize the Influence of a Subducting
Plate in the Pacific Northwest
Yisualizing Relationships between Earthquakes, Volcanoes
and Plate Boundaries in the Western United States " "
Episodic Tremor and Slip: The Case of the Mystery .&' . i - ] ;
Earthquakes % i B gV F : LY
Cn e L X Vi i ’

http://www.unavco.org/edu_outreach/data.html

R —T FEeIERe | AIINar g

o
T

- Associated learning
activities

o

o

o
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Use Data Tools

Lethidse [ Map | Satelite | Hybria | Terrain |

GPS Data Source:
| PBO final frame velocities ﬂ

Speed scale

Cut Bank F
o - n S
oShelb ° size 6 largest {(orig. x 10) v
Havre 3
Conrad " Glasgow
o o

) Velocity vectors

Bird Rapids ® on O off
Musselshell Vf\locnty vector error ellipses

River / () on ) off

Velocity vector color

| choose color 5

Vertical speed symbols
Billings O on @ off
“ Pt Vertical speed error circles
Layel O on ®) off
- (PBO has vertical speed data)

; Castle Bluffs
A\sgokane, /0 GreatFals Rapids
o o 2

Cheney

Mile

Station markers and data boxes
O on ®) off
Wogand

Ontario©

Middleton How many vectors to show
.

| show all stations -

QTheghmopolis

Wyoming
Casper
Rawdins.

[ Redraw map )

([ Start over )

PR |
rand 4
anction:

Data Source: UNAVCO Plate Boundary Observatory: North American Reference Frame
UNAVCO GPS Velocity Viewer
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GPS Velocity Viewer

Hybrid

Map Satellite Terrain

Seeon

GPS Data:

Data Source

[ GSRM project, no net rotation a

Velocity vectors

®on O off
Velocity vector error ellipses

OCl

|_size 3 (original) B}

Vertical motion symbols

O on @® off
Vertical motion error circles
QO on @® off

Station labels with data boxes
O on @® off

Tectonic Plate Boundaries:
O on ® off
Earthquakes:
| no earthquakes plotted [
Volcanoes and volcanic
features:
O on @® off
Volcano labels with data boxes
O on

@ off
How many symbols to show
| show all available 4

Data source: Global Strain Rate Map Project ; Reference Frame: No Net Rotation
UNAVCO GPS Velocity Viewer:
http://facility.unavco.org/data/maps/GPSVelocityViewer/GPSVelocityViewerhtml
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Comparing Plate Movement

North
A-ﬂmf 2
Ocefan

GSRM Project GPS Data



Velocity Vecta

EarthScope Voyager, Jr.

Add a base map

Face of the Earth
Earth at Night
Ocean Floor Age
Strain Rate
Strain Style
GSRM Ezz

Add feature(s)

Focal Mechanisms

Faults

Earthguakes

Stress Axes
pr-¥ | “Yolcanoes

v \olcanoes + Names
Paolitical, Lat/Long

R I
‘

/edu outrea

ch/ma

Add velocities

MNo Plate Velocities Ba

N. America
Pacific
Eurasia
Caribbean
Juan de Fuca
Rivera

tools.ntml



W UNAVCO & PBO supported science

-Plate movement

- Farthquakes

*Volcanoes

- Glacial movements and isostatic adjustment
-Hydrologic changes

« Atmospheric — water vapor




Geodesy is the science of ...
measuring Earth’s

W Study & Apply
Geodesy & Measuring Gravity

Size, shape

orientation,

NASA GRACE

Gravitgtiona Field

And

Map showing variations in the strength of

Varia—tions Of -th €5€ the gravitational force over the surface of

. : he Earth
with time e et

Blue = less gravity

Red = more gravity



UNAVCO, Anatomy of a High-precision
Permanent GPS Station

GPS antenna inside of dome

Monument solidly attached into
the ground with braces.

If the ground moves, the station
moves.

Solar panel for power
Equipment enclosure
« GPS receiver

- Power/batteries

« Communications/ radio/ modem

I/ I \ - Data storage/ memory

24



W Introduction: GPS Basics

e Four satellite signals
are needed to locate the
receiver in 3D space.

e The fourth satellite is
also used for time
accuracy.

e Position can be
calculated within to a
millimeter.

*Needs ground control and
time quality




W Demonstration
\
\

Pinpoint Location With GPS
4

\\
\ /!
> Y,
\\ /
\ Y 4

\ y 4 How td
~——— \\ / demonstrate this:

| [ http://
WWW.youtube.com

/watch!?
feature=player e

q mbedded&v=s C

eiMO5Pc#]




One way to find your location —
4 Intersecting spheres

Two satellites,
GPS could be

on the circle
where
spheres
Intersect.

One satellite,
the GPS could be anywhere
il ecige ol the sphere.

3 satellites:
spheres intersect in 2 places.

4 satellites,
spheres
intersect In
one place.
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Thank You!

Contact: Shelley Olds

Education —at- unavco.org

http://www.unavco.org/

Follow UNAVCOon HE 3

Facebook Twitter
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Websites shown during demonstration

Learn more about how GPS works and the science learned through research
@ Gps spotlight PyS—— — -

@ Spotlight Map

g

asKatchewan. — = I
ont. Quebec A

nnnnnn

'x‘ Animals

#A Atmosphere
©) Earthquake

Wisconsi n ~ Volcano
Michig = o EVermont
w Yor N
o Fampshire ‘ Water Cycle
illinois R asiimie \\Mz.ssachuseus
Indiana Rhode: Island
Liesato i $. Soil Moisture
‘ © station info Station mfle <
\
) mfle
Gulfof 8 5
2Suitor b Station ID: mfle g 0.5
_ 3 .
. TR Y Station Name: MARSHALL 2 0.4 . .. . ",_
.
%yf:;“'“ % Lat/Long: 39.9476 /-105.1944 03 Y o"\‘? LT . © g °
¥ Elevation: 1727.3m § 020 Ny N\ s . 20 MM A 1
* .\ State: CO 2 o™ ""*u'\-"\. \\'\.'\‘\ 1
: womn | oo g ‘ :
QUDL'I;_I': 'ml—l - '1/ ‘» Modeled Meteorology: T T T T T T
g~ Annual SWE (Armstrong et al., 2007): g 40 metSensor precip ]
\*‘\ To Zoom In, hold SHIFT + Drag = | 25.2 mm £ 20 |
Annual Precipitation (PRISM): 0 L s 1 N | O N P T |
432mm ¢ 40f NIOhS precip T ’ T !
[ & Modsled and in St Mot Data | E 20 L]
0 " U P Y W I & T | Y7
Feb Mar Apr May Jun Jul Aug Sep
. updated 18-Sep-2013
Station Products

(o4

GPS Spotlight: http://xenon.colorado.edu/spotlight/index.php

PBO H20O: http://xenon.colorado.edu/portal/index.php




e Websites shown during demonstration

See the ground and forests with LIDAR

r

8 0 0 Google Earth

¥ Search ﬂii Ko’ | &= @] (& [E <& B | Sign in

Search Y O N
; enTopograph
e penTopography
Get Directions History [t
: %% NCALM
¥ Places WX ool ot b Fbcrkele

» [ & WallaceCrk3 &
» [ & Learn about Plate Tect(

4 <
An Earth Science e, 4
Collection by UNAVCO, f 4 p ) Open’l‘opography
> OS Geo \/el/up(litx bound ] | ’,b-
navco, ate Boundary = 4" H TON -
Observatory (PBO) 2-d 1 i 2“%»1;3 NCALM -0"ls ONEFS
» & TransportableArraySi. - 3 % IR gl - m 2

@ USArray Stations
@ ANF USArray Station Loc
Array Network Facility
(ANF) EarthScope
D climate change
» B climate-glacier
» [ B2 wildfire
v (=& Sheepscot, Narragaugu...
v (=} Sheepscot, Narragau...
M:_, Sheepscot, Narragaug %resden
[« [ .ls
¥ Layers Earth Gallery »
¥ =)= Primary Database
> @P Borders and Labels
Places
» [_|¥ Photos
== Roads
» [ (&3 3D Buildings
» [ 3 Ocean
> !} Weather
> | 1% Gallery
> @ Global Awareness
» 7 More

. ©2013¢

Image © 2013 Ma

Tour Guide

Many places to get LIDAR! image USDA Garm Sarvice Agency - ogle canty
Open Topography: http://www.opentopography.org

New York: http://gis.ny.gov/elevation/lidar-coverage.htm

Maine: http://www.maine.gov/megis/projects/lidar.shtml

Vermont: http://vcgivermont.gov/warehouse/products/ALL-LDR MIX LIDAR STATE ALL

New Hampshire: http://www.granit.unh.edu/resourcelibrary/specialtopics/lidar/




mavco, 7 About GRACE

Earth's Gravily Field Anomalies [milligals)

.50 -40 30 -20 -10 O 10 20 30 40 50

http://earthobservatory.nasa.gov/Features/ GRACE/page3.php
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Measuring the Plates Move

P T Map Satellite | Hybrid Terrain

¥ Ak

INatuilare s
NewJersey

UNAVCO Plate Boundary Observatory Data



